[bookmark: _Toc483567675][bookmark: _Toc463353304][bookmark: _Toc463353564][bookmark: _Toc463354413]NSEDA Radiation Hazards and Protection Pre-Course Work 2026

Please complete the review questions and exercises and e-mail your answers to karen.beach101@mod.gov.uk by 26th May 2026.  If you have any queries or struggling to understand something please do not hesitate to e-mail me before then.

Be prepared for a short test of your knowledge and understanding of this material during our first teaching session.

[bookmark: _Toc464208022][bookmark: _Toc483567677]Reading & Review Questions
Read the course notes Chapters 1-4 and answer all of the review questions at the end of each these chapters.
 
[bookmark: _Toc483567678]Exercise 1 - External Dose Rate Calculations
1. Complete the attached table to calculate radiation dose rates using the gamma ray constant (Equation 4.3) and the ‘approximate’ equation (Equation 4.4) for the listed isotopes and also select a three additional ones of your own choice.  Check the answers provided for 60Co.        Be careful with the units

	Isotope
	Gamma Energy Emitted per Decay (MeV)

	Gamma Ray Constant
(mSvh-1MBq-1 at 1 metre)
	Gamma Dose rate 0.2 m from a      5 GBq source (mSvh-1)
	% difference

	
	
	
	Using Gamma Ray Constant
	Approximate using D=ME/7r2
	

	60Co
	2.5038
	3.062 x 10-4
	38.3
	44.7
	+17%

	131I
	
	
	
	
	

	137Cs
	
	
	
	
	

	192Ir
	
	
	
	
	

	241Am
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



2. Discuss how the % difference varies with gamma ray energy.

3. Produce a spreadsheet to calculate the dose rate at point P from the following sources at distances as shown in the Table.  Use 1.0 x 10-4 mSvh-1MBq-1 at 1 m as the gamma ray constant.  Record your answers in the Table overleaf (the first one has been completed for you so that you can check your calculations).
A. 100 GBq point source
B. 100 GBq line source, length 2 m, where P is perpendicular to the mid point of the line source
C. 100 GBq disc source, radius 2 m, where P is perpendicular to the centre of the disc source
Hint: For the line source you will need to use trigonometry (see Example 4.3 in notes).  The inverse tan function in Excel is ATAN and excel gives results in radians so no need to convert from degrees to radians
	Distance (m)
	Dose rate (mSvh-1)

	
	Point Source
	Line Source
	Disc Source

	0.1
	1000
	147
	15

	0.2
	
	
	

	0.3
	
	
	

	0.5
	
	
	

	1
	
	
	

	2
	
	
	

	3
	
	
	

	5
	
	
	

	10
	
	
	

	20
	
	
	



4. Using your spreadsheet determine at what distance from the line source the dose rate approximates to that of the point source? (Aim to get within 1% of the point source dose rate)


5. Using your spreadsheet determine at what distance from the disc source the dose rate approximates to that of the point source? (Aim to get within 1% of the point source dose rate)


Extension activities (only attempt if you have time and the inclination to do so!)
6. For a line source, prove mathematically that    approximates to  for small values of θ and give an approximate value of r (using the source data used this exercise) that this is true.[footnoteRef:2] [2:  Hint: for the line source proof use a small angle approximation of tanθ] 


7. For a disc source, prove mathematically that    approximates to  for small values of a/r and give an approximate value of r (using the source data used in this exercise) that this is true[footnoteRef:3] [3:  Hint: for the disc source use Taylor’s expansion of ln(1+x)] 


Exercise 2:  Radiography
List three advantages and three disadvantages of using sealed sources to conduct radiography compared to x-ray machines

Exercise 3:  Shielding
Which will be the most effective shield: 2 cm of lead, 10 cm of aluminium or 25 cm of water?

Linear attenuation coefficients are lead: 1.42 cm-1, aluminium 0.21 cm-1 and water 0.097 cm-1
(Note these values vary with gamma energy and in this case are given for 662 keV 137Cs gamma rays)

Exercise 4:  Dose Calculation
The dose rate 2.5 m from an unshielded 650 keV X-ray radiography machine is 22.6 mSvh-1.  What dose will someone get working 6 m from the source for 90 minutes with 15 mm of lead shield in position around the source?

Linear attenuation coefficient of lead: 1.42 cm-1










