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How is the human dose measured?

The Bragg-Gray Principle

Chapter 5: Radiation Dosimetry



Energy Transfer by a Gamma Ray Beam
Chapter 4: Interaction of Radiation with Matter – Interaction of Photons with Matter
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Exposure Measurement: The Air Wall Chamber
Chapter 5: Radiation Dosimetry

Solution
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Bragg-Gray Principle

Chapter 5: Radiation Dosimetry

F.A. Attix, Introduction to Radiological Physics and Radiation Dosimetry



Absorbed  Dose Measurement: Bragg-Gray Principle

Chapter 5: Radiation Dosimetry

Conditions for Reaching the Electronic Equilibrium 
F Dimension of the gas volume is small compared to the range of the secondary 

charged particles.
F Wall thickness > maximum range of secondary charged particles. 
F Wall thickness is not great enough to significantly attenuate the incident radiation. 
F Wall and gas have similar atomic compositions. 



Absorbed  Dose Measurement: Bragg-Gray Principle

Chapter 5: Radiation Dosimetry

tracks of secondary 
electrons



Bragg-Gray Principle: Problem Statement

Chapter 5: Radiation Dosimetry

F.A. Attix, Introduction to Radiological Physics and Radiation Dosimetry

• Homogeneous medium, wall (w)

• Probe - cavity - thin layer of gas (g)

• Charged particles crossing w-g interface

• Objective: find a relation between the dose 

in a probe to that in the medium

• Basis for dosimetry
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Bragg-Gray Principle
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If we look at the very thin layers of wall media  immediately 
adjacent to the interface, then the flux of the charged particles is 
almost unchanged across the boundary. The dose rate to the 
wall is given by 

where 𝛍w is the linear energy absorption coefficient.

Then the ratio of dose (rate) in the wall and in the gas is 

For charged particles, the linear energy absorption coefficient 𝜇	is 
roughly the same as the linear stopping power, 𝑠 = !"

!#
 , therefore
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Absorbed  Dose Measurement: Bragg-Gray Principle

Chapter 5: Radiation Dosimetry

F The Bragg-Gray principle provides a means of relating ionization  
measurements in a gas volume to the absorbed dose in some convenient 
materials (such tissue equivalent materials) from which a dosimeter can be 
fabricated. 

F If the gas cavity is surrounded by a wall medium of proper thickness to 
establish electronic equilibrium, then the energy absorbed per unit mass of the 
wall, dEm/dMm, is related to the energy absorbed per unit mass of gas, 
dEg/dMg, by  

where Sm is the main mass stopping power of the wall medium and Sg is the 
mass stopping power of the gas to the secondary electrons. 



Absorbed  Dose Measurement: Bragg-Gray Principle

Chapter 5: Radiation Dosimetry



Measurement of X- and Gamma Ray Dose

Chapter 5: Radiation Dosimetry

F For gamma rays with different energies
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Chapter 5: Radiation Dosimetry

Kinetic Energy Released per Unit Mass (Kerma)



Energy Transfer by a Gamma Ray Beam
Chapter 4: Interaction of Radiation with Matter – Interaction of Photons with Matter
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Kinetic Energy Released per Unit Mass (Kerma)

Chapter 5: Radiation Dosimetry

F Kerma: Initial kinetic energy of the “primary” ionizing particles (including the 
photoelectrons, positron-electron pairs, recoil electrons and the scattered nuclei 
in case of fast neutrons) produced by the interaction of incident radiation per 
unit mass of the interacting medium.

F Measured in Gy (Joules per kilogram).

F An example (Cember, p183)
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Kinetic Energy Released per Unit Mass (Kerma)

Chapter 5: Radiation Dosimetry

F Kerma: decreases continuously with increasing depth in an absorbing medium. 

F The absorbed dose is relatively less at the surface. It increases as electronic 
equilibrium is approached and the ionization density increases due to the 
increasing number of secondary ions produced by the primary ionizing 
particles. The maximum occurs approximately at a depth equal to the 
maximum range of the primary ionizing particles. 

why?


