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 3.1  INTRODUCTION  
 

 

1925:  First International Congress for Radiology in London. 

Foundation of "International Commission on 

Radiation Units and Measurement" (ICRU) 

1928:  Second International Congress for Radiology in 

Stockholm.  

Definition of the unit ñRoentgenò to identify the intensity 

of radiation by the number of ion pairs formed in air. 

1937:  Fifth International Congress for Radiology in Chicago.  

New definition of Roentgen as the unit of the 

quantity "Exposure". 

Historical Development of Dosimetry: 

Some highlights 
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Ç Exposure is the quotient of DQ by Dm where 

Å DQ is the sum of the electrical charges on all the ions of one sign 

produced in air, liberated by photons in a volume element of air  

and completely stopped in air 

Å Dm is the mass of the volume element of air  

Ç The special unit of exposure is the roentgen (R). 

ÅIt is applicable only for photon energies below 3 MeV, 

Åand only for the interaction between those photons and air. 

Ç 1 R is the charge of either sign of 2.58 ×10-4 C produced  

in 1 kg of air. 

Definition of Exposure and Roentgen 

 3.1  INTRODUCTION  
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1950: Definition of the dosimetric quantity 
  
    absorbed dose 
  
as absorbed energy per mass.  
The rad is the special unit of absorbed dose: 

  1 rad = 0.01 J/kg     

1975: Definition of the new SI-Unit Gray (Gy) for the quantity 
absorbed dose: 
  
 1 Gy = 1 J/kg = 100 rad 

Historical Development of Dosimetry 

 3.1  INTRODUCTION  
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General Requirements for Dosimeters 

Ç A dosimeter is a device that measures directly or 
indirectly 

Åexposure 

Åkerma 

Åabsorbed dose 

Åequivalent dose 

Åor other related quantities. 
 

Ç The dosimeter along with its reader is referred to as a 
dosimetry system. 

 3.1  INTRODUCTION  
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A useful dosimeter exhibits the following properties: 

 

Ç High accuracy and precision 

Ç Linearity of signal with dose over a wide range 

Ç Small dose and dose rate dependence 

Ç Flat Energy response 

Ç Small directional dependence 

Ç High spatial resolution 

Ç Large dynamic range 

 3.1  INTRODUCTION  
 



IAEA Review of Radiation Oncology Physics: A Handbook for Teachers and Students - 3.2.1 Slide 1 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 

Accuracy specifies the proximity of the mean value of a 

measurement to the true value. 

 

Precision specifies the degree of reproducibility of a 

measurement. 

Note: 

High precision is equivalent 

  to a small standard deviation. 
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Examples for use of precision and accuracy: 

 

high precision    high precision    low precision     low precision  

high accuracy     low accuracy     high accuracy   low accuracy  

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Note: The accuracy and precision associated with a 

measurement is often expressed in terms of its 

 

  uncertainty. 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Ç This new guide serves as a clear procedure for 
characterizing the quality of a measurement 
 

Ç It is easily understood and generally accepted 
 

Ç It defines uncertainty as a quantifiable attribute 

New Concept by the 

International Organization for Standardization (ISO): 

"Guide to the expression of uncertainty in measurement"  

 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Formal definition of uncertainty: 

 

Uncertainty is a parameter associated with the result of a 

measurement. It characterizes the dispersion of the value that 

could reasonably be attributed to the measurand. 

 

 
Note: 

Quantities such as the "true value" and the deviation from it, 

the "error", are basically unknowable quantities. Therefore, 

these terms are not used in the  "Guide to the expression of 

uncertainty". 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Ç Standard uncertainty: 

is the uncertainty of a result expressed as standard 

deviation 
 

Ç Type A standard uncertainty 

is evaluated by a statistical analysis of a series of 

observations. 
 

Ç Type B standard uncertainty 

is evaluated by means other than the statistical analysis. 

This classification is for convenience of discussion only. 

It is not meant to indicate that there is a difference in the nature of 

the uncertainty such as random or systematic. 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Type A standard uncertainties: 

If a measurement of a dosimetric quantity x is repeated N 

times, then the best estimate for x is the arithmetic mean of all 

measurements xi 
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 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 



IAEA Review of Radiation Oncology Physics: A Handbook for Teachers and Students - 3.2.1 Slide 8 

The standard deviation of the mean value is used to express 

the uncertainty for the best estimate: 

 

 

 

The standard uncertainty of type A, denoted uA, is defined as 

the standard deviation of the mean value 
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 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Type B standard uncertainties: 
 

Ç If the uncertainty of an input component cannot be 
estimated by repeated measurements, the determination 
must be based on other methods such as intelligent 
guesses or scientific judgments. 

Ç Such uncertainties are called type B uncertainties  
and denoted as uB. 

Ç Type B uncertainties may be involved in 
Åinfluence factors on the measuring process 

Åthe application of correction factors 

Åphysical data taken from the literature 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Characteristics of type B standard uncertainties: 
 

Ç Not directly measured input components are also 

subjected to a probability distribution. 

Ç A so-called a priori probability distribution is used. 

Ç Very often this a priori probability distribution, as derived 

from intelligent guesses or scientific judgments, 

is very simple: 

Ånormal (Gaussian) distribution 

Årectangular distribution (equal probability anywhere within the 

given limit 

Ç The best estimate m  and the standard deviation s  are 

derived from this a priori density distribution.  

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Example for type B evaluation: 

 

Ç Consider the case where a measured temperature T of 

293.25 K is used as input quantity for the air density 

correction factor and little information is available on the 

accuracy of the temperature determination. 

 

Ç All one can do is to suppose that there is a symmetric 

lower and upper bound (T - D, T + D), and that any value 

between this interval has an equal probability.  

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Example (continued): 

 

 lower bound:   T- = T - D  

 upper bound:  T+= T + D 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Example (continued): 

Step 1: Construct the a priority probability density p(x) for 

  the temperature distribution: 

 

 

 

 The integral                     must be unity. 

 

 

 

 

 

( ) for

( ) 0 otherwise

p x C T x T

p x

D D= - ¢ ¢ +

=

()d
T

T
p x x

+

-ñ
D

D

( )d 2
T T

TT
p x x C x C
D D

DD
D

+ +

--
= Ö = Öñ

1
( ) for

2

( ) 0 otherwise

p x T x T

p x

D D
D

= - ¢ ¢ +

=

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Example (continued): 

Step 2: Calculate the mean (=best estimate) and the 

  variance v of the temperature using that p(T) 
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 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Combined uncertainties:  

The determination of the final result is normally based on 

several components. 

 

Example: Determination of the water absorbed dose Dw,Q  

    in a radiation beam of quality Q by use of an ionization 

    chamber 

0

w, ,w,Q Q D Q Q
D M N k=

where MQ is the measured charge 

ND,w is the calibration factor 

kQ  is the beam quality correction factor 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Combined uncertainties (example cont): 

 
The uncertainty of the charge MQ can be assessed by statistical analysis of 

a series of observations Ý the uncertainty of MQ is of type A.  

 
The uncertainties of ND,w and kQ will be of type B. 

The combined uncertainty, uC, of the absorbed dose Dw,Q is the quadratic 

addition of type A and type B uncertainties: 

( )
0

2 2 2

C w, A B ,w, B
( ) ( ) ( )  

Q Q D Q Q
u D u M u N u k= + +

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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Expanded uncertainties: 

The combined uncertainty is assumed to exhibit a  

normal distribution. 

Then the combined standard uncertainty uC corresponds to a 

confidence level of 67 % . 

A higher confidence level is obtained by multiplying  uC with a 

coverage factor denoted by k: 

C
U k u= Ö

U is called the expanded uncertainty. For k = 2, the expanded 

uncertainty corresponds to the 95 % confidence level. 

 3.2  PROPERTIES OF DOSIMETERS 
 3.2.1 Accuracy and precision 
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  3.2   PROPERTIES OF DOSIMETERS  
  3.2.2 Linearity 

Ç The dosimeter reading should be linearly proportional to 

the dosimetric quantity.  

Ç Beyond a certain range, usually a non-linearity sets in. 

Ç This effect depends on the type of dosimeter. 
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Case A: 

Å linearity 

Å supralinearity 

Å saturation 

 

 

Case B: 

Å linearity 

Å saturation   

Two possible cases 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.2 Linearity 
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Ç M/D  may be called the response of a dosimeter system  

Ç When an integrated response 

                           

is measured, the dosimetric quantity should be 

independent of the dose rate dD/dt of the quantity. 

Ç Other formulation: 

The response M/D should be constant for different dose 

rates (dD/dt)1 and (dD/dt)2.  
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  3.2   PROPERTIES OF DOSIMETERS  
  3.2.3 Dose rate dependence 
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Example: 

 

The ion recombination 

effect is dose rate 

dependent. 

This dependence can 

be taken into account 

by a correction factor 

that is a function of 

dose rate. 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.3 Dose rate dependence 
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The response of a 

dosimetric system is 

generally a function of 

the radiation energy. 

 

Example 1:  

Energy dependence 

of film dosimetry. 

 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.4 Energy dependence 
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Ç The term "radiation quality" is frequently used to express a 

specific distribution of the energy of radiation. 

Ç Therefore, dependence on energy can also be called  

dependence on radiation quality 

Ç Since calibration is done at a specified beam quality, a 

reading should generally be corrected if the user's beam 

quality is not identical to the calibration beam quality. 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.4 Energy dependence 
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Ç Example 2: 

A well known example of energy dependence is the 

determination of absorbed dose by an ionization chamber 

calibrated in terms of absorbed dose to water in a 

calibration radiation quality (usually 60Co beam) 

Ç The determination of absorbed dose in a user beam 

- different from a 60Co beam ï  

requires a quality correction factor 

0w, ,w,Q Q D Q Q
D M N k=

quality correction 

factor 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.4 Energy dependence 
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Ç The variation in response as a function of the angle of the 

incidence of the radiation is called the 

directional dependence of a dosimeter. 
 

Ç Due to construction details and physical size, dosimeters 

usually exhibit a certain directional dependence. 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.5 Directional dependence 
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Example: 
 

Directional 

dependence  

of a plane-parallel  

ionization chamber 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.5 Directional dependence 
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Ç The quantity absorbed dose is a point quantity 

Ç Ideal measurement requires a point-like detector 

Ç Examples that approximate a ópointô measurement are: 

ÅTLD 

Åfilm, gel, where the ópointô is defined by the resolution of the  

read-out system) 

Åpin-point  

micro-chamber   

  
2 mm 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.6 Spatial resolution and physical size 
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Ç Ionization chamber-type dosimeters normally have a larger 

finite size. 
 

ÅMeasurement result corresponds to the integral over the  

sensitive volume. 
 

ÅMeasurement result can be  attributed to a point within the volume 

referred to as 

   effective point of measurement. 
 

ÅMeasurement at a specific point requires positioning of the 

effective point of measurement at this point. 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.6 Spatial resolution and physical size 
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Ç Ionization chambers are re-usable with no or little change 
in sensitivity. 

Ç Semiconductor dosimeters are re-usable but with a 
gradual loss of sensitivity. 

Ç Some dosimeters are not re-usable at all: 
Åfilm 

Ågel 

Åalanine 

Ç Some dosimeters measure dose distribution in a  
single exposure: 
Åfilms 

Ågels 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.7 Convenience of use  
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Ç Re-usable dosimeters that are rugged and handling does 

not influence their sensitivity are: 

Åionization chambers 

Å(exception: ionization chambers with graphite wall) 
 

Ç Re-usable dosimeters that are sensitive to handling are: 

Å TLDs 

  3.2   PROPERTIES OF DOSIMETERS  
  3.2.7 Convenience of use  
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3.3  IONIZATION CHAMBER DOSIMETRY  

3.3.1 Chambers and electrometers  

 

 

 

 

 

 

 
 

Ç An ionization chamber is basically a gas filled cavity 
surrounded by a conductive outer wall and having a 
central collecting electrode. 

 

Basic design of a cylindrical Farmer-type ionization chamber. 

central collecting electrode 

gas filled cavity 

outer wall 
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Ç The wall and the collecting electrode are separated with a 

high quality insulator to reduce the leakage current when a 

polarizing voltage is applied to the chamber.  

Ç A guard electrode is usually provided in the chamber to 

further reduce chamber leakage. 

Ç The guard electrode intercepts the leakage current and 

allows it to flow to ground directly, bypassing the collecting 

electrode. 

Ç The guard electrode ensures improved field uniformity in 

the active or sensitive volume of the chamber 

(for better charge collection).  

3.3   IONIZATION CHAMBER DOSIMETRY  

3.3.1 Chambers and electrometers  
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3.3   IONIZATION CHAMBER DOSIMETRY  

3.3.1 Chambers and electrometers  
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An electrometer is a high gain, 

negative feedback, operational 

amplifier with a standard resistor 

or a standard capacitor in the 

feedback path to measure the  

chamber current and charge, 

respectively, collected over a 

fixed time interval.  

 

 

 

 

3.3   IONIZATION CHAMBER DOSIMETRY  

3.3.1 Chambers and electrometers  
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3.3  IONIZATION CHAMBER DOSIMETRY  

3.3.2 Cylindrical (thimble type) ionization chamber  

Ç Most  popular design 

Ç Independent of radial beam direction 

Ç Typical volume between 0.05 - 1.00 cm3 

Ç Typical radius ~27 mm  

Ç Length ~4 - 25 mm  

Ç Thin walls: ~0.1 g/cm2 

Ç Used for: 

Åelectron, photon, proton, 

 or ion beams. 
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3.3   IONIZATION CHAMBER DOSIMETRY  
3.3.3 Parallel-plate (plane-parallel) ionization chamber 

1  Polarizing electrode 

2  Measuring electrode 

3  Guard ring 

 a  is height (electrode 

separation) of the air 

cavity. 

 d  is diameter of the  

polarizing electrode. 

 m is diameter of the  

collecting electrode. 

 g  is width of the guard ring.  

3 3 2 

1 

g 

a 

d 
m 
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3.3   IONIZATION CHAMBER DOSIMETRY  
3.3.3 Parallel-plate (plane-parallel) ionization chamber 

Ç The parallel-plate chamber is recommended for dosimetry 

of electron beams with energies below 10 MeV. 

Ç It is useful for depth dose measurements. 

Ç It is also used for surface dose and depth dose 

measurements in the build-up region of megavoltage 

photon beams.  
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3.3   IONIZATION CHAMBER DOSIMETRY  
3.3.4 Brachytherapy chamber  

Well type chamber Ç High sensitivity (useful 

for low rate sources as 

used in brachytherapy) 

Ç Large volumes (about 

250 cm3) 

Ç Can be designed to 

accommodate various 

sources sizes 

Ç Usually calibrated in 

terms of the reference 

air kerma rate 

 




