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This booklet is for use in your Science lessons. Please look after it in the same way you would your exercise book and ensure that your presentation is always PROUD. 
Ensure that your booklet is returned to your class book box at the end of the lesson. 

Lesson Breakdown
Lesson 1: 4.4.1.1 / 4.4.1.2 The structure of an atom / mass number & atomic number
Lesson 2: 4.4.1.2 Isotopes
[bookmark: _Hlk124036279]Lesson 3: 4.4.1.3 The development of the model of the atom
Lesson 4: 4.4.1.3 The scattering experiment
Lesson 5: 4.4.2.1 Radioactive decay
Lesson 6: 4.4.2.1 Uses of radiation 
Lesson 7: 4.4.2.2 Nuclear equations
Lesson 8: 4.4.2.3 Half-lives and the random nature of radioactive decay 
Lesson 9 (HT only): 4.4.2.3 New decline expressed as a ratio
Lesson 10: 4.4.2.4 Radioactive contamination


Keystone words
1. Atomic
2. Radioactive
3. Decay
4. Nuclear
5. Contamination
6. Irradiation
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Lesson 6: Teacher notes
AQA Content
Students should be able to apply their knowledge to the uses of radiation and evaluate the best sources of radiation to use in a given situation.
Triple only: Nuclear radiations are used in medicine for the: • exploration of internal organs • control or destruction of unwanted tissue.
Students should be able to:
· describe and evaluate the uses of nuclear radiations for exploration of internal organs, and for control or destruction of unwanted tissue
· evaluate the perceived risks of using nuclear radiations in relation to given data and consequences.

Chunking
a. Smoke detectors
b. Thickness controllers
c. Medical uses


Key direct and explicit teacher explanations: 
This lesson addresses applications of radiation; new content is not required. However, explicit modelling of how to answer application questions is required. 


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 6: Uses of nuclear radiation
Objective: By the end of this lesson, you will be able to describe and evaluate the use of the different types of nuclear radiation for different applications.
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect
Complete thew table to show the properties of alpha, beta and gamma radiation.

	Name
	Composition
	Charge
	Range in air
	Penetrating power
	Ionising power

	Alpha




	[image: Properties of Alpha, Beta & Gamma (6.1.7) | OCR Gateway GCSE Physics  Revision Notes 2018 | Save My Exams]

	
	
	
	

	Beta




	
	
	
	
	

	Gamma




	
	
	
	
	




A. Smoke alarms contain an alpha radiation source and a radiation detector.
Figure 1 shows part of the inside of a smoke alarm.
Figure 1
          [image: Diagram  Description automatically generated]

1. Which type of radiation is used in the smoke detector? ___________________________

2. Which properties of the radiation used are important to this use? 
· Penetration through materials      X
· Distance travelled in air                
· Ionising power                                

3. Explain why an alpha source is used instead of a beta or gamma source. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




Alpha
The radiation needs to be absorbed by the smoke. 
Alpha radiation is not very penetrating. 
So, it would be absorbed by the smoke. 
Beta and gamma have higher penetrating power. 
So, they will penetrate the smoke. 
There wont be a change in count rate even if smoke enters the smoke detector. 


B. The gamma radiation emitted from a source of cobalt-60 can be used to kill the bacteria on fresh, cooked and frozen foods. Killing the bacteria reduces the risk of food poisoning.
     The diagram shows how a conveyor belt can be used to move food past a cobalt-60 source.

      [image: Diagram  Description automatically generated]


X
X
Gamma
The radiation must penetrate the whole chicken
So all bacteria are killed
Gamma has the highest penetrating power
Alpha and beta have lower penetrating power
So they would not penetrate through the whole chicken
1. Which type of radiation is used irradiation? ___________________________

2. Which properties of the radiation used are important to this use? 
· Penetration through materials    
· Distance travelled in air                
· Ionising power                                

3. Explain why an gamma source is used instead of a beta or alpha source. 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



[image: ]
C. The diagram shows a system used to control the thickness of aluminium foil as it is being    
     rolled. A radiation source and detector are used to monitor the thickness of the foil.
[image: Diagram  Description automatically generated]
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
      

D. 
[image: Image result for mri scanner]

The image shows a patient who has been injected with a radioactive source for medical diagnosis. 
Explain the ideal properties of a radioactive source for use in medical diagnosis.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



      



Level 2: Relevant points (reasons / causes) are identified, given in detail and logically linked to form a clear account. 3‒4 AO2 4.4.3.3 
Level 1: Relevant points (reasons / causes) are identified, and there are attempts at logically linking. The resulting account is not fully clear. 1‒2 AO1 4.4.3.3 No relevant content 0 
Indicative content 
• low ionising power 
• (low ionising power means) less damage to cells / tissues / organs / body 
• highly penetrating 
• (highly penetrating means) it can be detected outside the body 
• emits gamma radiation

Indicative content
· High ionising power
· More damage to tumour cells
· Low penetrating power
· Absorbed by the tumour cells
· Short half-life
· Less damage to surrounding cells, tissues
· Alpha radiation

E. 
[image: New treatment modalities are being developed for patients with pancreatic cancer aimed at improving efficacy as well as limiting toxicity.]
Pancreatic cancer can be treated using contact radiotherapy. This involves putting a radioactive implant in close proximity to tumours. 
Explain the ideal properties of a radioactive source for use in contact radiotherapy. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



      

Lesson 7: Teacher notes
AQA content
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Chunking
a. Nuclear equations
b. Alpha decay
c. Beta decay



Key direct and explicit teacher explanations: 
a. Nuclear reactions can change the number of each type of particle in the nucleus. 
In alpha decay, which emits alpha particles composed of 2 protons and 2 neutrons, the mass of the nucleus decreases (because protons and neutrons have a mass of 1). The charge of the nucleus also changes because protons are positively charged. 
Alpha particles are fast moving electrons that are emitted from the nucleus (not the shells / energy levels). This electron is made when a neutron divides into a proton and a neutron. Protons and neutrons have the same mass so the mass of the nucleus does not change. However, its charge does change. 
The emission of gamma rays does not change the mass or charge of the nucleus because gamma rays do not have mass or charge. 
b. Alpha particles are composed of two protons and two neutrons. The mass of the alpha particle is 4; when an alpha particle is emitted from the nucleus, its mass decreases by 4 (the mass number will decrease by 4). The loss of two protons also reduces the atomic number by 2. 
Model balancing of equations). 
c. Beta particles are composed of an electron. Electrons have a minute mass; the atomic mass does not change when alpha particles are emitted. 
The atomic number increases by 1. This is because the electron that is emitted is made when a neutron decays into a proton and an electron. The atomic number tells us the number of protons in the nucleus; the atomic number must increase by 1 when a beta particle is made. 
Model balancing equations. 


















Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 7: Nuclear equations
Objective: By the end of this lesson, you will be able to represent nuclear reactions using nuclear equations.
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect
[image: Table
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A. Blocked practice – Alpha decay
Each of these elements is undergoing alpha decay. An alpha particle is made of 2 neutrons and 2 protons. He often show this as He (because helium also contains 2 protons and 2 neutrons).
Fill in the gaps for atomic mass and proton number for each of the elements marked X. 
 [image: Text, letter  Description automatically generated]



6 and 3


24 and 12


201 and 71


42 and 20

145 and 56
18 and 86
204 and 90

204 and 82
181 and 77

181 and 73
B. Blocked practice – Beta decay
These elements are going through beta decay. A beta particle is a high energy electron. This has a mass of -1. 
Fil in the gaps for atomic mass and atomic number for each element marked as X. 
 [image: A picture containing diagram  Description automatically generated]


Complete  the nuclear equations for the decays below.  The first two have been done for you as an example.
1. Americium- 241 decays by alpha emission.

2. Carbon – 14 decays by beta emission.

3. Bismuth – 211 decays by alpha emission


4. Polonium – 204 decays by alpha emission

5. Radon – 224 decays by alpha emission

6. Uranium – 235 decays by alpha emission

7. Neptunium – 237 decays by alpha emission

8. Strontium – 90 decays by beta emission

9. Phosphorus – 32 decays by beta emission

10. Nickel – 63 decays by beta emission

11. Lead – 209 decays by beta emission

12. Hydrogen – 3 decays by beta emission
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Radioactive Decay
1.	Atoms of uranium-238 decay to produce another radioactive atom called thorium-234. Thorium-234 can then go on to decay by emitting beta radiation.
(i)   What does beta radiation consist of?................................................................................(1)
(ii)	Thorium-234 decays to form protactinium-234. What differences are there between the nucleus of a protactinium-234 atom and the nucleus of a thorium-234 atom?
............................................................................................................................................
..........................................................................................................................................(2)
 
2.	[image: ](technetium) is produced by the radioactive decay of [image: ](molybdenum). What type of decay is this and what change occurs in the nucleus of a molybdenum atom when this happens?
......................................................................................................................................................
.....................................................................................................................................................
...................................................................................................................................................(2)
3.	Potassium-40 decays to give argon-40.
	(i)	What is the atomic number of potassium?.................................................................(1)
	(ii)	What is the atomic number of argon?........................................................................(1)
	(iii)	What must happen to one of the protons?................................................................(1)
	(iv)	Write an equation to show this decay.
.........................................................................................................................................(2)
4.	The isotope protactinium-234 emits beta radiation.
	(i)	Write an equation to show the decay process.
.........................................................................................................................................(2)
	(ii)	What is the product of this decay?
.........................................................................................................................................(2)




Lesson 8: Teacher notes[image: ]


AQA content
Radioactive decay is random. 
The half-life of a radioactive isotope is the time it takes for the number of nuclei of the isotope in a sample to halve, or the time it takes for the count rate (or activity) from a sample containing the isotope to fall to half its initial level.
Students should be able to explain the concept of half-life and how it is related to the random nature of radioactive decay.
Students should be able to determine the half-life of a radioactive isotope from given information.
Triple only: Radioactive isotopes have a very wide range of half-life values.
Students should be able to explain why the hazards associated with radioactive material differ according to the half-life involved.
Chunking
· What is a half-life? 
· Determining half-life from graphs
· Half-life from tabulated data
· Related calculations
Key direct and explicit teacher explanations: 



Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 8: Half-lives
Objective: By the end of this lesson, you will be able to determine the half-life of a radioactive substance using given information.
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect
We can use probability theory to predict the likelihood of something happening. For example, an unbiased coin has 2 sides. If we spin the coin the probability of it landing on heads is 50% or 0.5. The probability of it landing on tails is 50% or 0.5.
If we spin the coin twice, we can calculate the probability of it landing on heads both times: 
0.5 x 0.5 = 0.25 (or 25%)
Radioactivity also follows probability theory. Scientists calculate probabilities of nuclei decaying in a certain amount of time. 
If there is a 50% probability of a radioactive nucleus decaying in 3 hours:
a. How many would decay in 6 hours if we start with 10,000 nuclei? 
Answer: (Probability of decay in 3 hours + Probability of decay in 6 hours) x 10,000
                (0.5 + 0.25) x 1000 = 7,500 nuclei decay
     b. How many nuclei would have decayed after 3 half-lives? (o.5 + 0.25 + 0.125) x 10,000 = 8750

______________________________________________________________________________________________________________________________________________________________________________      c. How many nuclei would not have decayed? 
______________________________________________________________________________________________________________________________________________________________________________    
10,000 – 8750 = 1,250

[image: ]



15.28 days
192g
2.25g
4.5 days
40s
12.5%


[image: Chart  Description automatically generated]


Use the first graph to model methodology. 
You should use the visualiser to check answers. 
Different for each graph. 
Workings should be shown on graphs. 
For each graph: 
a. Work out the half-life.
b. Find the count rate or number of nuclei left after two half lives have elapsed. 
c. Demonstrate that the half life is a constant.

All working should be shown on the graphs.


[image: Chart, line chart  Description automatically generated]
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Days
90 / 30 = 3 half-lives elapse
1/23 = 1/8 or 0.125
1 x 0.0125 = 0.0125g
40.35 / 8.07 = 5 half-lives elapse
5 = 1 / 25 x X = 0.03125 X
X = 160g
2.8 x 1010 / 1.4 x 1010 = 2 half-lives elapse
25.0g = 1/22 x X = 0.25X
X = 100g
1/2x = 62.5 / 500 = 0.125 or 1/8
2x = 8    x = 3 half lives have elapsed
639000 / 3 = 213,000 years
62.0 / 12.4 = 5 half-lives elapse
1/25 = 0.03125
750 x 0.03125 = 23.44g
1/2x = 12.5 / 50 = ¼
2x = 4      x = 2 half lives elapse
14.4 / 2 = 7.2s
8.10 / 2.7 = 3 half=lives elapse
1/23 = 0.125
0.125 x 100 = 12.5g
[image: Graphical user interface, text, application  Description automatically generated]

Lesson 9: Teacher notes

Key direct and explicit teacher explanations: 

Chunking
a. Ratios and converting fractions to ratios
b. Calculating net decline as a ratio
c. Synoptic 
AQA content
(HT only) Students should be able to calculate the net decline, expressed as a ratio, in a radioactive emission after a given number of half-lives.


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 9: Half-lives & ratios
Objective: By the end of this lesson, you will be able to represent declines in radioactivity as a ratio.
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect
In some calculations related to radioactivity you might need to convert decimals into fractions. This can be done as follows: 
· Step 1: Write down the decimal divided by 1, like this:   decimal / 1
· Step 2: Multiply both top and bottom by 10 for every number after the decimal point. (For example, if there are two numbers after the decimal point, then use 100, if there are three then use 1000, etc.)
· Step 3: Simplify (or reduce) the fraction
Convert these decimals into fractions: 
a. 0.750.75 / 1    Multiple top and bottom by 100
75 / 100   Simplify (divide by 5 and then divide by 5 again)
75/100 = 15/20 = 3/4

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b. 0.500.50 / 1    Multiple top and bottom by 10
5 / 10=   Simplify (divide by 5)
5/10 = 1/2


____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
c. 




Fraction = 1/128 (from last question)      Fraction decayed / 127/128
Raton = 1:127 (remaining : decayed)
189 / 27 = 7 half-lives elapse
1/27 = 0.0078125 or 1/128
Fraction = ½ (from last question)  Fraction decayed = 1/2
Ratio = 1:1
63 / 63 = 1 half-life elapses
1/21 = 1/2
Fraction remaining = 1/8 (from previous question) Fraction decayed = 7/8
Ratio 1:7 (Rhodium : Rubidium)
9.9 / 3.3 = 3 half-lives elapse    
1 / 23 = 1/8 or 0.125
Complete the questions. Express your answer as a ratio.
a. Rhodium-101 has a half-life of 3.3 years. What fraction of rhodium-101 nuclei remain after 9.9 years?
[bookmark: _Hlk125764960]________________________________________________________________________________________________________________________________________
b. Rhodium-101 has a half-life of 3.3 years. It decays to make rubidium-101. What is the ratio of rhodium-101 to rubidium-101 after 9.9 years?
________________________________________________________________________________________________________________________________________
c. Titanium-44 has a half-life of 63 years. What fraction of titanium-44 nuclei remain after 63 years?
________________________________________________________________________________________________________________________________________
d. Titanium-44 has a half-life of 63 years. After 63 years, what will be the ratio of titanium-44 to the new nuclei?
________________________________________________________________________________________________________________________________________
e. Dubnium-261 has a half-life of 27 seconds. What fraction of dubnium-261 nuclei remain after 189 seconds?
________________________________________________________________________________________________________________________________________
f. Dubnium-261 has a half-life of 27 seconds. What will be the ratio of dubnium261 nuclei to the decayed nuclei after 189 seconds?
________________________________________________________________________________________________________________________________________


Complete the questions. Express your answer as a ratio.
a. Rhodium-101 has a half-life of 3.3 years. What fraction of rhodium-101 nuclei remain after 1.65 years?
________________________________________________________________________________________________________________________________________
b. Rhodium-101 has a half-life of 3.3 years. It decays to make rubidium-101. What is the ratio of rhodium-101 to rubidium-101 after 1.65 years?
________________________________________________________________________________________________________________________________________
c. Titanium-44 has a half-life of 63 years. What fraction of titanium-44 nuclei remain after 94.5 years?
________________________________________________________________________________________________________________________________________
d. Titanium-44 has a half-life of 63 years. After 94.5 years, what will be the ratio of titanium-44 to the new nuclei?
________________________________________________________________________________________________________________________________________
e. Dubnium-261 has a half-life of 27 seconds. What fraction of dubnium-261 nuclei remain after 77.5 seconds?
________________________________________________________________________________________________________________________________________
f. Dubnium-261 has a half-life of 27 seconds. What will be the ratio of dubnium261 nuclei to the nuclei after 77.5 seconds?
________________________________________________________________________________________________________________________________________


 
Fraction = 2000/11317
Ratio = 2000:9317
77.5 / 27 = 2.5 half-lives elapse
1/22.5 = 1 / 5.6585 = 2000/11317
Fraction = 250 / 707
Ratio = 250:457
94.5 / 63 = 1.5 half-lives elapse
1/21.5 = 1 / 2.828 = 250/707
Fraction = 500/707
Ratio = 500:207
1.65 / 3.3 = 0.5 half-lives elapse
1/20.5 = 1/1.414 = 500/707

Lesson 10: Teacher notes

Key direct and explicit teacher explanations: 
a. Defining irradiation and contamination
b. Irradiation and types of radiation
c. Contamination and types of radiation
d. Comparing hazards associated with irradiation and contamination
[image: Graphical user interface  Description automatically generated]
Chunking
a. Defining irradiation and contamination
b. Irradiation and types of radiation
c. Contamination and types of radiation
d. Comparing hazards associated with irradiation and contamination
AQA content Radioactive contamination is the unwanted presence of materials containing radioactive atoms on other materials. The hazard from contamination is due to the decay of the contaminating atoms. The type of radiation emitted affects the level of hazard. 
Irradiation is the process of exposing an object to nuclear radiation. The irradiated object does not become radioactive.
Students should be able to compare the hazards associated with contamination and irradiation.
Suitable precautions must be taken to protect against any hazard that the radioactive source used in the process of irradiation may present.
Students should understand that it is important for the findings of studies into the effects of radiation on humans to be published and shared with other scientists so that the findings can be checked by peer review

Examples: A range of examples and non-examples.

Contamination examples: 
Doctors can deliberately contaminate a patient's body when it will help with diagnosis with a radioactive source, such as:
· drinking a radioactive mixture (barium meal) will make soft tissue such as your intestine show up on an x-ray
· technetium-99 is a radioactive isotope that can be introduced into the body to make soft tissue such as the brain or the thyroid show up on a scanner (revisit prior examples)
Irradiation examples: 
· Radioactive beams can be used to preserve fruit by exposing the fruit to a radioactive source, typically Cobalt 60. The gamma rays emitted by the cobalt will destroy any bacteria on the fruit but will not alter the fruit in any significant way.
· The method can also be used to sterilise surgical instruments.









Teacher notes (e.g. key questions, examples, non-examples, explanations)
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


Teacher notes (e.g. key questions, examples, non-examples, explanations)
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Lesson 10: Radioactive contamination
Objective: By the end of this lesson, you will be able to identify examples of irradiation and contamination and hazards associated with irradiation and contamination with different types of radiation.
Skills Drill / Retrieval
	Answer
	PA / SA

	1

	

	

	2

	

	

	3

	

	

	4

	

	

	5

	

	



Connect – use types of radiation and three main properties.
A. Which travels the greatest distance in air? 
Alpha        
Beta          
Gamma     

B. Which travels the greatest penetrating power? 
Alpha        
Beta          
Gamma     

C. Which travels the greatest ionising power? 
Alpha        
Beta          
Gamma     

Radioactive substances can be used to kill bacteria on fresh, cooked and frozen foods. Killing the bacteria reduces the risk of food poisoning. 

[image: Diagram  Description automatically generated]
a. [bookmark: _Hlk125802030]Are the chickens in contact with the Cobalt–60 or are they exposed to the radiation being emitted? 
____________________________________________________________________________________________________________________________________________________________
b. Can the radiation be blocked from reaching the chickens? 
____________________________________________________________________________________________________________________________________________________________
c. Are the chickens radioactive once they have been exposed to the Cobalt-60?
____________________________________________________________________________________________________________________________________________________________
d. Have the chickens been irradiated or contaminated with the cobalt-60?
Explain your answer by referring to the answers to questions a – c.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________





Irradiated.
The radioactive material is not inside or on the chickens. 
It could be blocked from reaching the chickens and the chickens are not radioactive after the treatment. 
No
Yes 
Exposed / not in contact


Radioactive substances ae used to control the thickness of paper in paper mills. 

[image: Diagram  Description automatically generated]
a. Is the paper in contact with the radioactive source or is it exposed to the radiation being emitted? 
____________________________________________________________________________________________________________________________________________________________
b. Can the radiation be blocked from reaching the paper? 
____________________________________________________________________________________________________________________________________________________________
c. Is the paper radioactive once they have been exposed to the radioactive source?
____________________________________________________________________________________________________________________________________________________________
d. Has the paper been irradiated or contaminated by the radioactive source?
Explain your answer by referring to the answers to questions a – c.
[bookmark: _Hlk125819297]____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
e. If you were the papermill manager, would you use a source with a long or short half-life?
Explain your answer. 
[bookmark: _Hlk125819392]____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________




Long half life so the source could be used for a long period of time. 
See answers for previous question.


Short. So the radioactive substance was active within the body for a short period of time. Less damage would be caused. 
Contaminated. 
The radioactivity was in contact with them. It could not be blocked or removed. The people were radioactive. 
Yes, the radioactivity remained in their bodies.
No.
In contact.
Following the Chernobyl nuclear disaster, water supplies contained high concentrations of radioisotopes. Following the disaster, local residents had to wait 36 hours for the government to decide to evacuate them. In this time, they drank the water supply. 

a. Were people in contact with the radioactive source or were they exposed to the radiation being emitted? 
____________________________________________________________________________________________________________________________________________________________
b. Could the people who drank the water block the radiation from reaching their tissues? 
____________________________________________________________________________________________________________________________________________________________
c. Were the people radioactive once they had been exposed to the radioactive source? 
____________________________________________________________________________________________________________________________________________________________
d. Were the people irradiated or contaminated by the radioactive source?
Explain your answer by referring to the answers to questions a – c.
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
e. If you had drank the water, would you want the radioisotopes to have a long or short half-life?
Explain your answer. 
____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Following the Chernobyl disaster, fiefighters were irradiated. 
a. Would it be better for the firefighters if the radiation travelled a long or short distance in air? Explain your answer. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
b. Would it be better for the firefighters if the radiation had a high or a low penetrating power?
Explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
c. Would it be better for the firefighters if the radiation had a high or a low ionising power?
Explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
d. Is alpha, beta or gamma radiation the most dangerous when it is outside the body? 
Use your answers to parts a – c to explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________







Gamma. 
Whilst it is least ionising, it has the highest penetrating power and greatest distance travelled in air. So, firefighters are more likely to be exposed and it is more likely the radiation will enter their bodies. 
Low. 
Less ionisation within the body. 
Low. Less likely to enter the body / penetrate clothing. 
Short distance. Reduces area exposed to irradiation. 
Alpha. It is has low penetrating power and so is more likely to b absorbed by the body where it cause damage by ionisation. 
High. More likely to leave the body without being absorbed.
Low so less ionisation of tissues (e.g. to tissues, DNA etc)
Short. Less likely to enter surrounding tissues. 
Following the Chernobyl disaster, local residents were contaminated because they ingested food and water containing radioactive material.
e. Would it be better for the residents if the radiation travelled a long or short distance in air? Explain your answer. 
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
f. Would it be better for the residents if the radiation had a high or a low penetrating power?
Explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
g. Would it be better for the residents if the radiation had a high or a low ionising power?
Explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
h. Is alpha, beta or gamma radiation the most dangerous when it is inside the body? 
Use your answers to parts a – c to explain your answer.
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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beta

alpha: would not pass through (the aluminium / foil)

gamma: no change in count rate when thickness changes.

must be a connection between detection / count rate / passing
through and change in thickness

foil thickness increases then decreases (then back to normal / correct thickness)
a description of count rate changes is insufficient
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The diagram shows  system used to control the thickness of aluminium foil as it is being rolled.
Aradiation source and detector are used to monitor the thickness of the foil

Radiation detector
Machinery to control
the size of the gap

between the rollers

Aluminium foil +—

(2)  Which type of source, alpha, beta or gamma, should be used in this control system?

Explain why each of the other two types of source would not be suitable.
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Nuclear equations are used to represent radioactive decay.

In a nuclear equation an alpha particle may be represented by the
symbol:

SH
,ne
and a beta particle by the symbol:

0
-1

e

‘The emission of the different types of nuclear radiation may cause a
change in the mass and /or the charge of the nucleus. For example:

219 215 . 4
g radon — “; polonium + ,He

So alpha decay causes both the mass and charge of the nucleus to
decrease.

14 14 . 0
scarbon — " nitrogen + e

So beta decay does not cause the mass of the nucleus to change
but does cause the charge of the nucleus to increase.

Students are not required to recall these two examples.

Students should be able to use the names and symbols of common
nuclei and particles to write balanced equations that show single
alpha (a) and beta () decay. This is limited to balancing the atomic
numbers and mass numbers. The identification of daughter
‘elements from such decays is not required.

‘The emission of a gamma ray does not cause the mass or the
charge of the nucleus to change.
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Balance the equations shown below. Remember that you may only write numbers in front of any of
the formulae but you may ot change any formulae. Some of the equations may already be balanced.

1 H + - 2 Hal
2|2z + 0 - 2 zno
3|3+ 2 Al - 2 AlCl
4 |4 Na + 0z — 2 NaO
5|2M + O - 2 Mgo
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Balance the equations shown below. Remember that you may only write numbers in front of any of
the formulae but you may ot change any formulae. Some of the equations may already be balanced.

1 Hy +Ch = Ha
2 Zn o+ 0 - Zno
3 Cla + Al - Al
4 Na + O - NaO
5 Mg+ O - Mgo
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d)

e)

%2ZRa> 3He + —X
23U > 3He + —X
33P0 > jHe + —X
18%4u > jHe + —X

183pt > 4He + —X
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a) SHe> e + —X

b) iiNa> _Je + —X

o BtAu> e + —X

0 P
a BK> e+ —X

o '$Cs> e+ —X
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2U1Bi » 20Tl + %a
204po - 209Ph + fa
224Rn - 229P0 + a
2350 - 234Th + ta
237Np - 233Pa + %a
38T > 35V + 98
> s+ 38
S3INi - 3cu+ 9B
209Pb - 205Bi + _9B

3H > 3He + 9B
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Lead-206 (STABLE)

Alpha Decay

Beta Decay

Beta Decay

Alpha Decay

Alpha Decay

Alpha Decay

Alpha Decay

Alpha Decay

Beta Decay

Beta Decay

Alpha Decay

Beta Decay

Beta Decay

Alpha Decay

2380 - %4Th +%a
BT - Btpa + %
2B%Pa — BiU + 6
2330 - 0Th +%a
230Th > *3Ra +3a
228Ra - *Z2Rn +ia
22Rn > %§iPo +3a
2830 > *§3Pb +3a
253Pb — *44Bi + 3B
243Bi > 23iPo + 3B
253Po > *9Pb +3a
239Pb — *33Bi + 3B
233Bi > 33P0 + 3B

283Po > *§5Pb +3a
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Complete the decay chain for U-238. For each step you will need to fillin the gaps to show what is
produced. You will also need to complete the equations to show the atomic numbers and atomic mass
numbers of the elements involved

Uranium-238
v Decay 238y - 234Th +
Thorium-234
v Beta Decay 234Th — +.98
v Beta Decay . +.98
+ __ Decay - 280Th +
Thorium-230
230 226
v __ Decay 30Th - 288 +
-226
v Alpha Decay 28 o +ia
v ___ Decay - 28po +
Polonium-218
¢ Alpha Decay 218P0 — +ia
v ___ Decay > 28Bi +
-214
v ey W+
214
I3 Decay 24 210py 4
Lead-210
210 210
v Decay Ph > 239+
-210
210 0
4 Beta Decay 83 — +_1)
¥+ Alpha Decay - +ia

(STABLE)
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Radioactive Decay

Atoms of ranium.238 decay o produce anather radiosctive atom called thorium- 234
Tharium-234 can then g0 on ta dcay by emicting beta radistion.

() What doss beta radiaton consist of.......fast moving electron, o

() Thorium-232 decays to form protactnium. 232, What dfferences ara there betueen the
el of  protactinium-234 stom snd the nucieus of  thorium-234 stom?

protactinium has one neutron fawer (1) and ona proton more (1.

@

Te{technetium) s produced by the radioaccive decay of {b(melybdenum). What type of

decay i his and what change occurs n the nucleus of 2 molybdenum atom whan this
happens?

alpha dacay (1],

2 nautron becomes proton (1) the neutron emies an slecron (1.

@
3. Argon-20 decays togie potassium-40.
) Whatis the stomic number of potassiun. 1 o
(i) Whatis the stomic number o argon’. 1 w
() What must happen 1o one o the newtrons?. turninto s proton........(1)
(W) Write an squation to show this decay.
argon40 > potassium-30 + beta paricle.
foar = 8+ 95 @
4. Theisotope protactinium-234 emits beta radiation.
() Wri an squation toshow the decay process
“Hra = WU + 95, @
(i) Whatis the product of ths decay?
sranium-234 and 3 bets parcice @

() Compars the stomic number snd mass number oftisproduct withthat of
uranium-238. Wht do you notic?

<ame stomic numbr, but diferent mass numbr, herafors diffarent numbars of newtron (it
anisotopel..(2)
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Complete the questions.

1. Sodium-24 has a half-life of 15 hours.

. If we start with 64 grams of sodium-24, fill in the chart for how much sodium-24 we will have at
each interval.

Time [Ohrs [15hrs [30hrs [45hrs [60hrs [75hrs [90hrs [105hrs
Mass_ |[ [ ) [C [l 1] T I[ [ J[C ]

]
Hifives \_F \F I I T T I
b. What percentage of the sample will remain at 45 hours? L) %

2. Lawrencium-247 has a half-life of 8 seconds.
a. I we begin with 96 mg, how long will it take until 3 mg remain?

Time | ) |C ) ([ 11 L J]T 11T T
Mass [96mg | [ [ 1T 110 11 C ]

Hiflves 2 \J U \J U U

3. Asample of Fermium-253 decays to 6.25% of its original amount in 18 days.
a. How many days is its half-life? ] days

Time |[ ] [C [ T 1T TTT [ 11T ]
Mass | 100% il ][ [T [ 1 C ][ ]
A\ S g T S <

4. Zinc- 71 has a half-life of 2.4 minutes.
a. Ifyou started with 18 g, how much would be left inutes? —Jgrams

Time [ ] [C JC TTC [ ( [T 1]l JTC J
Mass [ 1] ( ]| J|TC J [T [ )] I -]
U v T N Nt

5. We need 3 grams of sodium-24 for an experiment. It takes 90 hours for Amazon to deliver it to the lab.

What is the minimum amount that must be. shwvnwe are no delays in the
transportation)? (Hint: you must work backwards.) grams.

JTT J[C [ J[C J[ L ]
[ [ 1[I

= &7_\} Z

6. Radon-222 has a half-Iife of 3.82 days. How long before 1/16 of the original sample remains?
ldays
1

T
I[C (
L I O L S A

U

(

Time |
Mass [

Time
Mass
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Calculating Half-Life of Radioactive Isotopes Worksheet:

How much of a 100.0 gram sample of “%Au s left over after 8.10 days if its half-life is
2.70 days?

A'50.0 gram sample of N decays to 12.5 grams in 14.4 seconds. What is its half-life?

The half-life of % is 12.4 hours. How much of a 750.0 gram sample is left after 62.0
hours?

What is the half-life of **Tc if a 500.0 gram sample decays to 62.5 grams in 639,000
years?

The half-life of 22Th is 1.4 x 10*° years. If there are 25.0 grams of the sample left after
2.8 x 10% years, how many grams were in the original sample?

There are 5.0 grams of 341 left after 40.35 days. How many grams were in the original
sample if its half-life is 8.07 days?

An isotope of 17Cs has a half-life of 30 years. If 1.0 grams of Cesium-137 disintegrates
over a period of 90 years, how many grams of Cesium-137 would remain?
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Irradiation

Occurs when an object is exposed to a source.
of radiation outside the object.

Doesn't cause the object to become
radioactive.

Can be blocked with suitable shielding or
moving away.

Stops as soon as the source is removed.

Contamination

Occurs if the radioactive source is on or in the
object.

A contaminated object will be radioactive for as
long as the source is on or in i

Once an object is contaminated, the radiation
cannot be blocked from it.

It can be very difficult to remove all of the.
contamination.
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‘The diagram shows how a conveyor belt can be used to move food past a cobalt-60
source.

Thick metal shielding

% —Cobalt-60
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Moving conveyor belt
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