A2 AQA Physics
Radioactivity
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John Dalton

In the early 1800s John Dalton, came up with his atomic theory
Five main points of Dalton's Atomic Theory
· Elements are made of tiny particles called atoms. 

· All atoms of a given element are identical. 

· The atoms of a given element are different from those of any other element; the atoms of different elements can be distinguished from one another by their respective relative weights

· Atoms of one element can combine with atoms of other elements to form compounds; a given compound always has the same relative numbers of types of atoms. 

· Atoms cannot be created, divided into smaller particles, nor destroyed in the chemical process; a chemical reaction simply changes the way atoms are grouped together. 

Until the final years of the nineteenth century, the accepted model of the atom resembled that of a billiard ball - a small, solid sphere.
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J. J. Thompson

In 1897 J.J. Thomson discovered the electron, a negatively charged particle more than two thousand times lighter than a hydrogen atom.

For years scientists had known that if an electric current was passed through a vacuum tube, a stream of glowing material could be seen; however, no one could explain why.  Thomson found that the mysterious glowing stream would bend toward a positively charged electric plate.  Thomson theorized, and was later proven correct, that the stream was in fact made up of small particles, pieces of atoms that carried a negative charge. These particles were later named electrons.
These electrons must have been balanced by some sort of positive charge. The distribution of charge and mass in the atom was unknown. Thomson proposed a 'plum pudding' model.  In Thomson’s "Plum Pudding Model" each atom was a sphere filled with a positively charged fluid. The fluid was called the "pudding." Scattered in this fluid were electrons known as the "plums."
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Ernest Rutherford

Ernest Rutherford, a former student of Thomson's, proved Thomson's plum pudding structure incorrect by performing a series of experiments with radioactive alpha particles.

Rutherford's experiments suggested that gold foil, and matter in general, had holes in it!  These holes allowed most of the alpha particles to pass directly through, while a small number ricocheted off or bounced straight back because they hit a solid object.

In 1911, Rutherford proposed a revolutionary view of the atom. He suggested that the atom consisted of a small, dense core of positively charged particles in the centre (or nucleus) of the atom, surrounded by a swirling ring of electrons. The nucleus was so dense that the alpha particles would bounce off of it, but the electrons were so tiny, and spread out at such great distances, that the alpha particles would pass right through this area of the atom.
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Hans Geiger & Ernest Marsden

The Geiger-Marsden experiment (also called the Gold foil experiment or the Rutherford experiment) was an experiment done by Hans Geiger and Ernest Marsden in 1909, under the direction of Ernest Rutherford at the Physical Laboratories of the University of Manchester which led to the downfall of the plum pudding model of the atom.
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James Chadwick

In 1932, James Chadwick discovered a third type of subatomic particle, which he named the neutron. Neutrons help stabilize the protons in the atom's nucleus. Because the nucleus is so tightly packed together, the positively charged protons would tend to repel each other normally. Neutrons help to reduce the repulsion between protons and stabilize the atom's nucleus.
9.1 The discovery of the nucleus (pg 148 – 150)
The diagram below shows the apparatus that Rutherford used to investigate the nucleus.
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Describe how the experiment worked, what it showed and the main conclusions from his work.
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How can we use this to estimate the size of the nucleus and what proportions is it relative to?
Complete questions 3 and 4 on page 150

9.2 The properties of Alpha, Beta and Gamma radiation (pg151 – 153)
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Radioactive Decay

Beta decay

Alpha decay

Particles emitted Change in the nucleus

1)  

Alpha (



) – an atom decays into a new atom and emits an alpha particle (2 protons and 2 ______ 

– the nucleus of a ___________ atom)

2)  

Beta (



)

– an atom decays into a new atom by changing a neutron into a _______ and electron.  

The fast moving, high energy electron is called a _____________ particle.

3)  

Gamma

(γ)– after 



or 



decay surplus ______________ is sometimes emitted.  This is called 

gamma radiation and has a very high ________________ with short wavelength.  The atom is not 

changed.

Unstable nucleus New nucleus

Alpha particle

Words – frequency, proton, energy, neutrons, helium, beta

Th

238

90

e.g.

α

4

2

Unstable nucleus

Beta particle

New nucleus

K

40

19

β

0

-1

e.g.

+

+

Unstable nucleus

New nucleus

Gamma radiation

+


You need to be able to describe the differences in the three types of radiation in terms of their:

· Deflection in a magnetic field

· Ionisation

· Absorption

Deflection in a magnetic field
Explain briefly the differences in the tracks that the particles take
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Ionisation 

Iodine-131 and other radioactive materials give off energy in the form of ionizing radiation. Ionizing radiation transfers energy to the substances it strikes. This transfer of energy between the radioactive substance and living matter is, in general, a harmful process. The greater the energy transferred, the greater the injury. Ionizing radiation consists of either waves of energy or tiny particles. Radiation can come from alpha, beta, and neutron particles, and gamma and X-ray electromagnetic waves. Each form of radiation acts differently depending on the source. 

Alpha particles are positively charged particles made up of two protons and two neutrons. The particles lose their energy quickly and do not penetrate the surface of the skin if the body is exposed externally. Material containing alpha radioactivity can enter the body through a cut in the skin, by ingestion, or inhalation. 
Uranium-238 and plutonium-239 are sources of alpha radiation. 

Beta particles are fast moving electrons which are negatively charged. Beta radiation can penetrate a few millimetres in human tissue before losing all of its energy. Iodine-131, phosphorus-32, and strontium-90 are all sources of beta radiation. 

Gamma rays are photons, or electromagnetic waves, that come from the nucleus of the atom. Gamma rays are uncharged and pass through humans at the speed of light. As gamma rays pass through the body, they may damage cells. Cobalt-60 is a source of gamma radiation. 

Neutron particles are the uncharged particles in the nucleus of an atom. Neutrons may damage cells as they penetrate the body. Neutrons are commonly released in nuclear reactors. 

X-rays are similar to gamma rays, but are produced outside the nucleus. Their properties are identical to those of gamma rays.
Describe the use of an ionisation chamber to measure the penetration power of Alpha, Beta and Gamma in air.

Cloud Chambers
The cloud chamber, also known as the Wilson chamber, is used for detecting particles of ionizing radiation. In its most basic form, a cloud chamber is a sealed environment containing a supercooled, supersaturated water or alcohol vapour. 
When an alpha particle or beta particle interacts with the mixture, it ionizes it. The resulting ions act as condensation nuclei, around which a mist will form (because the mixture is on the point of condensation). 
The high energies of alpha and beta particles mean that a trail is left, due to many ions being produced along the path of the charged particle. 
These tracks have distinctive shapes (for example, an alpha particle's track is_________________, while an electron's is ________________________________________________.

Absorption Tests

Describe how we measured the relative absorption of radiation by a range of materials, p153 describes this. 
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Range of penetration

Alpha particles are stopped by: 
Beta particles are stopped by: 
Gamma Rays are stopped by: 

Use the diagram on page 154 (or similar) to explain how a Geiger counter works.
Complete summary questions two and three on page 155

9.3 Alpha, Beta and Gamma continued

A point source of gamma rays emits in all directions about the source. It follows that the intensity of the gamma rays decreases with distance from the source because the rays are spread over greater areas as the distance increases.

http://practicalphysics.org/go/Topic_40.html;jsessionid=a-UUEeRPdp_8?topic_id=40
The inverse square law for ( radiation
Consider a point source of gamma rays situated in a vacuum. The radiation spreads in all directions about the source, and therefore when it is a distance x from the source it is spread over the surface of a sphere of radius x and area 4πx2.
If E is the energy radiated per unit time by the source, the intensity I (energy per unit time per unit area) is given by
I = E/4πx2 
or simply as I ( 1/x2. 
Thus the energy varies as the inverse square from the source.
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Equations for Radioactive Change – IN FULL !

With your knowledge from AS physics you should now be able to describe in full the products of radioactive decay. Use the space below to show these equations:
Alpha Decay

Electron emission

Positron Emission

Electron Capture

	
	( radiation

	β radiation
	( radiation

	Nature


	
	
	

	Range in air


	
	
	

	Deflection in a magnetic field


	
	
	

	Absorption


	
	
	

	Ionisation


	
	
	

	Energy of each particle/photon


	
	
	


9.4 The Dangers of Radioactivity

Geiger counter set up anywhere on Earth will always register a count. This is due to tiny fragments of radioactive elements present in all rocks and soil, the atmosphere and even living material. The Earth is also continuously bombarded by high-speed particles from outer space and the Sun called cosmic rays. In addition the nuclear and health industries produce small amounts of radiation each year. Collectively this radiation around us from natural and unnatural sources is called background radiation.
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When carrying out practical work how can we adjust calculations or readings to take this into consideration? 

What are the main dangers of ionizing radiation and in which situation is alpha, beta or gamma the most dangerous? 

How would a worker in a nuclear power plant monitor their radiation exposure and what there the limits when working with isotopes? (Include units)
Although they seem like very dangerous materials we use radioactive isotopes in a wide range of things and are allowed a selection of them in schools and universities. List the regulations that apply to the storage and use of radioactive materials.
9.5 – 9.6 Radioactive Decay
Randomness of Radioactive Decay

Radioactive decay is a RANDOM IRREGULAR PHENOMENON. If we look at a large number of atoms of a radioactive sample we will see that the nuclei gradually decay. However we cannot predict when an individual nucleus will decay.

Decay Constant (()

We make measurements on large numbers of nuclei and then calculate averages. We can determine the probability that an individual nucleus will decay in a particular time.

The probability that an individual nucleus will decay in a particular time is called the DECAY CONSTANT (().
e.g. ( = 0.2h-1 means that a particular nucleus will have a 20% chance of decaying in an hour.

Activity (A)

The activity (A) of a radioactive sample is the rate at which nuclei decay. It is measured in decays per second (or h-1, or day-1 etc.). An activity of one decay per second is one becquerel (1Bq).




1 Bq = 1 s-1
Activity depends on

(i)

(ii)




     A =

Number decaying in a given time = Probability of decay x number present

Half Life (t½)

Radioactive atoms change or DECAY into atoms of different elements when they emit  or  particles. Radioactive decay is a random process. It is a matter of pure chance whether or not a particular nucleus will decay during a certain period of time. All we can say is that about half the nuclei in a sample of unstable atoms will decay during a certain period of time, known as the HALF-LIFE
Definition: The half life is the time taken for the number of radioactive atoms in a sample to fall to half its original value, e.g. Carbon 14: 5700 yrs, Cobalt 60: 5 yrs,
or The half life is the time taken for the radioactivity of a sample to diminish by half,

or The half life is the time taken for the mass of the radioactive sample to decrease by half.

Decay Curve

This is a graph of Activity plotted against time. (N.B. Activity is the number of atoms surviving)

At first the activity (or radioactivity) of the sample is high and the number of active atoms drops rapidly. Later with fewer atoms left to decay the activity drops and the active atoms that remain die away more slowly.

The shape of the graph is known as an “EXPONENTIAL CURVE.”
The graph on the left is a typical ‘decay curve’ showing how the Activity A of a particular radioactive sample changes with time (T½  represents half):  
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Since A is proportional to N a graph of N against t will have the same shape as a graph of A against t

Decay Constant and Half-Life


( = 0.693/ t½ 

[because e-0.693 = ½]

Thus if we know either ( or T½ we can calculate the other.

Count Rate (R )
Detectors do not detect ALL of the radiation emitted by a source. Some will escape past the detector, some may be absorbed by the source itself. So the received count rate - R is significantly lower than the activity (A).


Example

Radioactive iodine-131 has a decay constant of 9.9 x 10-7s-1

A sample of iodine-131 has an initial mass of 0.10g.

(a) Calculate the initial activity of the source.

(b) Calculate the activity after 30 hours.

Example

Strontium-90 is one of the radioactive isotopes that are produced as waste products in fission reactors.  The activity of a small sample of strontium-90 was measured over aperiod of 10 years and the following results were recorded.

	Time/years
	Activity/MBq

	0
	200.0

	1
	195.1

	2
	190.3

	3
	185.7

	4
	181.1

	5
	176.7

	6
	172.4

	7
	168.2

	8
	164.1

	9
	160.1

	10
	156.1


Plot a suitable graph to calculate the decay constant, and hence the half-life, of strontium-90.
 9.7 Isotopes in Use

Radioactive isotopes are used in three main areas:
· Dating

· Tracers

· Thickness Measurement

Describe four applications of this and where necessary include any formulas

Complete questions 1 + 2 on page 171
9.8 Decay Modes

If we take neutron number as N and proton number as Z we can plot a graph to show all known isotopes. The graph is shown on page 172 of the text book and below.
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On the graph you can see how the ratio of N to Z helps us predict the nature of the radiation emitted.

For isotopes of less than 20 protons: 

For isotopes with more than 20 protons: 
Alpha emitters occur as ....... 
Beta  emitters occur ......
Positron emitters occur ....
Decay Chains
The daughter nuclide of a decay event may also be unstable (radioactive). In this case, it will also decay, producing radiation. The resulting second daughter nuclide may also be radioactive. This can lead to a sequence of several decay events. Eventually a stable nuclide is produced. This is called a decay chain or series.
An example is the natural decay chain of 238U which is as follows:

· decays, through alpha-emission, with a half-life of 4.5 billion years to thorium-234 

· which decays, through beta-emission, with a half-life of 24 days to protactinium-234 

· which decays, through beta-emission, with a half-life of 1.2 minutes to uranium-234 

· which decays, through alpha-emission, with a half-life of 240 thousand years to thorium-230 

· which decays, through alpha-emission, with a half-life of 77 thousand years to radium-226 

· which decays, through alpha-emission, with a half-life of 1.6 thousand years to radon-222 

· which decays, through alpha-emission, with a half-life of 3.8 days to polonium-218 

· which decays, through alpha-emission, with a half-life of 3.1 minutes to lead-214 

· which decays, through beta-emission, with a half-life of 27 minutes to bismuth-214 

· which decays, through beta-emission, with a half-life of 20 minutes to polonium-214 

· which decays, through alpha-emission, with a half-life of 160 microseconds to lead-210 

· which decays, through beta-emission, with a half-life of 22 years to bismuth-210 

· which decays, through beta-emission, with a half-life of 5 days to polonium-210 

· which decays, through alpha-emission, with a half-life of 140 days to lead-206, which is a stable nuclide.

Nuclear Energy levels
Gamma emission can be said to occur as a result of beta or alpha emission, the nucleus may emit a gamma photon to release energy and move from an excited state to a ground state. 

This is easily represented by an energy level diagram such as the one shown on page 174 of the text book.

The nucleus, like the atom, has discrete energy levels whose location and properties are governed by the rules of quantum mechanics. The locations of the excited states differ for each nucleus. The excitation energy, Ex, depends on the internal structure of each nucleus. The figure below shows a few of the excited states of the 12C nucleus.

Complete questions 3 + 4 on page 175

9.9 Nuclear Radius

The nucleus has approximately a constant density and therefore the nuclear radius R can be approximated by the following formula,

R = r0A1 / 3
where:

A = Atomic mass number [number of protons (Z) plus number of neutrons (N)]

r0 = 1.25 fm = 1.25 x 10-15 meters (r0 may vary by as much as 0.2 fm, depending on the specific nuclide). 
This approximation is only valid for particularly spherical nuclei with low A.

Explain below how you can use a beam of high energy electrons to accurately measure the nuclear radius.
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Complete summary questions 1 -4 on page 177




































































































The nucleus will emit one or more gamma photons in order to reach its ground state; this may result in multiple route as photons carry varying amounts of energy.
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