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(5)
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G).(1).
Coulomb’s Law
The aim of this assignment is to develop an understanding of Coulomb’s Law and how to apply it.

Use your Text Book to help you complete the following tasks.

1).
Briefly describe some


experiments to show that there


is a force between two charged


particles.


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


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


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


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


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


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


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


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


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

2).
The diagram below shows two charged particles.
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(a)
List the factors that are likely to effect the forces acting on the two charges.


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


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


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


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


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


(b)
In practice, it was discovered by Charles Augustin de Coulomb that the force is 


proportional to the value of each of the separate charges and inversely proportional to 

the square of their separation.  Using this information, construct the formula for the 

force acting between two point charges.


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


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


The constant of proportionality is equal to 1/4π(o, where (o is called the Permittivity of


free space and has a value of 8.85 ( 10-12Fm-1.


(c)
Calculate the force between two small drops of oil, each having an excess charge of 

4 electrons and separated by 1mm.


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


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


(d)
Complete the table below for two charged particles.



Assume that (o = 8.85 ( 10-12Fm-1
	Force (N)
	Charge 1 (C)
	Charge 2 (C)
	Separation (m)

	
	5.0 ( 10-7
	5.0 ( 10-7
	2.0 ( 10-3

	-2.2 ( 10-8
	8.0 ( 10-12
	-4.0 ( 10-12
	

	6.5 ( 10-5
	
	-8.4 ( 10-10
	1.8 ( 10-2

	0.30
	4.6 ( 10-8
	5.7 ( 10-9
	

	4.6 ( 10-15
	6.4 ( 10-19
	
	1.0 ( 10-6

	
	1.6 ( 10-19
	3.2 ( 10-19
	1.0 ( 10-9

	
	0.38
	0.46
	20

	-2.0 ( 106
	2.8 ( 10-4
	-1.4 ( 10-5
	

	6.0 ( 107
	
	4.1 ( 10-5
	6.6 ( 10-4

	
	3.5 ( 10-12
	-1.2 ( 10-9
	0.70


CALCULATIONS.

3).
(a)
Remembering the definition of E, the electric field intensity, derive a formula



for E at a distance r from a charged particle of charge Q.


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


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


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


.........................................................................................................................................
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(b)
Draw a sketch graph to show



how E for a point charge varies



with distance.



Label the axes.


(c)
A Helium atom has a radius of 32pm.  It contains two protons in its nucleus and two 

outer electrons.



Calculate:-



(i)
The electric field intensity experienced by the outer electrons.


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


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



(ii)
The force acting on the electrons.


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


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



(iii)
The time period of orbit of the electrons around the nucleus.


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


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



(iv)
Explain the “difficulties” caused by this for classical physics.


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


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

G).(2).
Linear particle accelerators
The aim of this assignment is to recognise and explain the role of electric and magnetic fields in the different types of linear particle accelerators.

Use your Text Book to help you complete the following tasks.

1).
(a)
A particle of mass m and charge Q is accelerated through a



potential difference of V.  Ignoring relativistic effects, derive a formula for



the final velocity of the particle.


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


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


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


(b)
What limits the energy that can be given to a charged particle in this way?


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


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

2).
The diagram below shows a block diagram for a simple electron “linac” type

particle accelerator.


(a)
Label the main sections using the following words:-

Drift tubes, R.F generator, Target, Thermionic emitter, Vacuum tube.
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(b)
By referring to your diagram above, explain the principle of operation of a ‘linac’.


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


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


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

F=BILsin(

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


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


(c)
Explain why the first drift tubes are shorter than the remainder


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


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


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


(d)
Explain why the later drift tubes can be all the same length


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


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


(e)
Explain why the electron beam consists of pulses of electrons.


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


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


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

3).
Assume that the RF generator produces a square wave output of amplitude 600V and a 
frequency of 500MHz.


(a)
Calculate the velocity of the electrons when they reach the first drift tube.


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


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


(b)
If the RF generator switches just as the electrons enter the first drift tube, calculate 

the length of this tube so that the electrons will leave the tube just as the RF 


generator switches.


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


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


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


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


(c)
The ‘linac’ gives the electrons an energy of 50MeV.  Calculate the length of the last 

few drift tubes.


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


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

G).(3).
Cyclotron accelerators
The aim of this assignment is to explain the role of electric and magnetic fields in cyclotron particle accelerators.

Use your Text Book to help you complete the following tasks.

1).
(a)
What is the main disadvantage of linear particle accelerators?


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


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


(b)
How is this overcome with cyclotron particle accelerators?


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


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

2).
The diagram below shows a block diagram for a simple cyclotron particle accelerator.


(a)
Label the main sections using the following words:-

D-shaped metal boxes, Magnetic field, Outlet, R.F generator, Particle source, Vacuum tube.


[image: image3.wmf]

(b)
By referring to your diagram above, explain the principle of operation of a 



‘cyclotron’.


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


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


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

F=BILsin(

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


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


(c)
If the particles that are to be accelerated are protons, draw on the diagram below the 

direction of the magnetic field and the path of the protons.


[image: image4.wmf]
3).
Assume that the RF generator produces a square wave output of amplitude 5kV.


(a)
If the protons have an initial speed of zero when first released by the source, 


calculate their velocity after crossing the gap for the first time.


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


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


(b)
If the magnetic field strength is 0.1T, calculate the radius of the orbit of the protons.


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


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


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


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


(c)
Calculate the frequency of the RF generator, if the supply changes just as



the protons enter the gap.


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


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


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


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


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


(d)
How many rotations are necessary if the protons are to leave the cyclotron with an 



energy of 20MeV


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


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


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


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


(e)
Calculate the radius of the cyclotron.


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


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


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


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


(f)
What effect would:-



(i)
doubling the strength of the magnetis field have?


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


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



(ii)
Increasing the output voltage of the RF generator?


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


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

G).(4).
Detectors
The aim of this assignment is to develop an understanding of the detectors used in particle physics.

Use your Text Book to help you complete the following tasks.

There are two main types of particle detectors but they both rely

on the ionisation caused by the presence of the particles.

Ionisation detectors.

These include spark counters, GM tubes, Semiconductor diodes and Ionisation chambers.

For each of the three types, draw labelled diagram/circuit diagram of the detector and brieflty explain how it works.

1).
Spark counter.


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


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


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


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


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


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


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

2).
GM tube.


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


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


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


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


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


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


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


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


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

3).
Semiconductor diodes


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


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


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


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


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


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


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


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


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


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

4).
Ionisation chamber.


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


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


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


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


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


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


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


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


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


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


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

4).
(a)
What information are these detectors able to provide?


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


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


(b)
What information are these detectors not able to provide?


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


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

‘Cloud chambers’

These include cloud chambers (expansion and diffusion), Bubble chambers and Drift chambers.

For each of the three types, draw labelled diagram/circuit diagram of the detector and
briefly explain how it works.

5).
Cloud chamber


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


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


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


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


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


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


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


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


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


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


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


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


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


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

6).
Bubble chamber


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


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


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


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


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


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


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


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


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


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


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

7).
Drift chamber


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


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


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


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


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


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


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


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


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


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


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


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

8).
Outline the advantages and disadvantages of each type of chamber detector.


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


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


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


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


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


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


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


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


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

9).
Explain, using diagrams, why most bubble/cloud chambers are placed in a


large magnetic field.


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


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


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


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


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


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


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


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


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

10).
What types of particles do not show up in a bubble/cloud chamber?


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


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


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


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

G).(5).
Particle interactions.
The aim of this assignment is to analyse and interpret particle interactions.

Use your Text Book to help you complete the following tasks.

1).
(a)
State the formula for the force acting on a charged particle travelling in a


magnetic field.


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


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


(b)
In what direction does this field act?


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


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


(c)
Assume that the charged particle is travelling normally to the magnetic field,


equate the force to the centripetal force, and derive an expression for the


radius of curvature of the path.


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


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


(d)
Show that the radius of curvature is proportional to the momentum of the particle.


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


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


(e)
Protons and electrons have the same charge.  What differences would you expect to 

see in their paths within a bubble chamber within a magnetic field?


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


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

2).
State the three conservation laws for particle interactions.


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


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


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

3).
What factors determines the length and intensity of a particle track?


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


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


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


4).
The photograph below shows the path of an 

alpha particle in a helium bubble chamber.


(a)
Describe what is happening within the 


picture.


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


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


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


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


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


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


(b)
What is the evidence that an alpha particle has collided with a helium atom?


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


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


(c)
What is the ratio of the energies of the particles after the collision?


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


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


(d)
What is the evidence that there is no magnetic field acting in this example?


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


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


(e)
How would you attempt to demonstrate that momentum is conserved within this 


collision?


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


.........................................................................................................................................
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5).
Examine the bubble chamber track picture on the previous page and then answer the 
following questions, giving evidence for your answer.


(a)
From which direction are the particles entering the chamber?


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


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


(b)
If most of the spiral tracks are electrons, in which direction is the magnetic field.


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


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


(c)
Explain why the electron tracks spiral.


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


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


(d)
Identify a positron track.  Label this with an e+ symbol.  Explain your choice.


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


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


(e)
Identify the track of a massive positively charged particle.  Label this with a P.



Explain your choice.


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


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


(f)
Identify where a neutral particle has decayed.  Label this with N1.



Explain your choice.


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


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


(g)
Identify where a neutral particle has collided with a charged particle.


Label this with N2.  Explain your choice.


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


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