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Learning Outcomes

By the end of this session the learner should be able to:

 Calculate the range and stopping power of ionizing radiation

 Calculate the dose rates and exposures from different sources

 Estimate the shielding required for different sources

 Generate and analyse spectra

 Demonstrate the effect of energy resolution in spectrometry

2ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



3

Online tools for exercises – nucleonica
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Online tools for exercises – nucleonica
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Online tools for exercises – nucleonica
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Range and Stopping Power

© nucleonica

• Calculate the range and stopping power for proton on lead and aluminium
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Total Stopping Power

© nucleonica

Proton on Lead Proton on Aluminium

• Tabulate the values of the  range and stopping power 

ANSTT 6, 18 – 22 May 2026, iThemba LABS, Cape Town, South Africa



8

Variation of Dose Rates with Distance

© nucleonica

Exercise:
• Choose a known 

source
• Calculate the beta 

dose rate at various 
source – detector 
distances

• Observe the variation 
of the values of the 
dose rates

• Observe the spectrum
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Beta Continuum Spectra

© nucleonica

Exercise:
• Choose a known 

source
• Calculate the beta 

dose rate at various 
source – detector 
distances

• Observe the variation 
of the values of the 
dose rates

• Observe the spectrum
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Neutron Dose Rate

© nucleonica

Exercise:
• Choose a known 

source strength
• Calculate the neutron 

dose rate at various 
source – detector 
distances

• Observe the variation 
of the values of the 
dose rates

• Observe the spectrum
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Ambient Dose Rate and Shielding

© nucleonica

Exercise:
• Choose a known 

source and shield
• Calculate the dose 

rate at various source 
– detector distances

• Calculate the ambient 
dose rate

• Calculate the values 
of HVL and TVL
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Ambient Dose Rate and Shielding

© nucleonica
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Calculation of Attenuation and Shield Thickness

© nucleonica

Exercise:
• Choose a known 

nuclide and shield
• Calculate the 

attenuation factor
• Observe the variation of 

the attenuation factor 
with shield thickness

• Calculate the values of 
HVL and TVL 

• Repeat with a different 
shield material
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Calculation of Attenuation and Shield Thickness

© nucleonica

Exercise:
• Choose a known 

nuclide and shield
• Calculate the 

attenuation factor
• Observe the variation of 

the attenuation factor 
with shield thickness

• Calculate the values of 
HVL and TVL 

• Repeat with a different 
shield material
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Gamma – ray spectrum

© nucleonica

Exercise:
• Generate the gamma ray spectrum of natural uranium
• Indicate the following components of the spectrum:

• Scattering
• Continuum
• Peaks

• Indicate the counts for each of species in natural uranium
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Gamma – ray spectrum
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Online tools for exercises – IDB at IAEA
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Online tools for exercises – IDB at IAEA

 Use the IAEA International Database of Reference Gamma Spectra

 Query the database for spectra of uranium measured using:

 semi-conductor detector 

 solid scintillator detector

 Chose some consistent form of sample 

 Compare the energy spectra from these detectors
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Online tools for exercises – IDB at IAEA

© IAEA
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Online tools for exercises – IDB at IAEA

© IAEA
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Summary

The following exercises were carried out during this session:

 Calculation of the range and stopping power of ionizing radiation

 Calculation of the dose rates and exposures from different sources

 Calculation of the shielding required for different sources

 Generation and analysis of spectral data

 The effect of energy resolution in spectrometry
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Further reading

Gordon Gilmore, David Joss (2024). 
Practical Gamma-ray Spectrometry, 
3rd Edition. Wiley 
ISBN: 978-1-119-89608-1
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Further reading

Claus Grupen and Boris Shwartz
(2023). Particle Detectors 
(Cambridge Monographs on 
Particle Physics, Nuclear Physics 
and Cosmology). Cambridge 
University Press. 
ISBN-10 : 1009401513
ISBN-13 : 978-1009401517
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Further reading

Glenn F. Knoll (2010). Radiation 
Detection and Measurement 
4th Edition. Wiley. 
ISBN-10 : 9780470131480
ISBN-13 : 978-0470131480
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Further reading

K. Debertin and R.G. Helmer 
(1988). Gamma- and X-Ray 
Spectrometry with Semiconductor 
Detectors. North-Holland. 
ISBN-10 : 0444871071
ISBN-13 : 978-0444871077
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Thank you for the attention … 
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