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	Academic work
	Components
	Acad. hours

	In-class work
	Lectures
	30

	
	Seminars
	0

	
	Practical exercises (school internships)
	30

	Total in-class work
	60 

	Out-of-class work
	 Presentations/reports
	10

	
	 Homeworks
	25

	
	Self-preparation for the practical exercises
	40

	
	Bibliographic works
	45

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Total out-of-class work
	120

	TOTAL ACADEMIC WORK
	180

	ECTS credits in-class work
	2

	ECTS credits out-of-class work
	4

	TOTAL ECTS CREDITS
	6,0

	№
	Grade components

	% of the grade

	1. 
	 Presentations/reports
	5

	2. 
	 Homeworks
	10

	3. 
	Protocols from practical exercises
	35

	4. 
	Exam
	50

	Outline of the course:

	The course acknowledges the students with the basic principles and measurement techniques used in the field of radionuclide metrology. In the lectures a special focus is given on the evaluation and reporting the uncertainty and on the realization of primary measurement techniques and standards. The course presents various primary activity and dose/kerma measurement methods. In the practical exercises special attention is given to the realization of secondary standards and performing calibrations of instruments commonly used in practice. 


	Preliminary requirements:

	 The course requires basic knowledge in mathematics (incl. probability and statistics), general and theoretical physics. Comprehensive understanding of the atomic and nuclear physics, dosimetry  as well as the interaction of ionizing radiation with matter are also necessary for the understanding of the material.   


	Key competences acquired:

	 The students will learn the basic principles of the Metrology of Ionizing Radiation. They will have practical skills in estimation and reporting of the uncertainty of the measurement.  They will learn how various primary standards are created and the physical background behind their realization. They will have practical skills in calibration and operation of commonly used detectors for radioactivity measurement and control of contamination of with radioactive sources.   


Lessons plan 

	№
	Topic:
	Acad. hours

	
	Lectures
	

	1
	  The scientific method.  Objectives and goals of the metrology of ionizing radiations (MIL). Organization of MIL and classification of measurement methods. Primary and secondary standards. Traceability and traceability chain.  
	2

	2
	The notion of uncertainty. Evaluation of uncertainties – type A and type B evaluation of uncertainties. Uncertainty propagation. Combined uncertainty. 
	2

	3
	Some important statistical distributions. Confidence intervals. Reporting the uncertainty: enlarged uncertainty and uncertainty budget. Sensitivity coefficients. 
	2

	4
	Estimation of uncertainties in the case of independent measurements with unequal uncertainties. Weighted mean and internal and external uncertainty. 
	2

	5
	Interaction of charged (alpha- or beta- ) particles and uncharged (x-rays, gamma rays) particles with matter.
	2

	6
	Principle of operation of gas-filled detectors (ionization chambers, proportional counters and Geiger-Muller counters). Principles of operation scintillation and semiconductor detectors. Applications in radionuclide metrology. 
	2

	7
	Beta-gamma coincidence and anti-coincidence counting. Applications for absolute measurements of the activity or beta-gamma emitting isotopes. 
	2

	8
	The fixed solid angle method for activity measurements. Application to absolute measurement of the activity of 222Rn. Basic principles and correction factors. 
	2

	9
	Absolute measurement of the activity of beta- emitting radioactive noble gases (e.g. 85Kr, 133Xe) by internal proportional gas counting. Principle, realization and correction factors. 
	2

	10
	Precise measurement of the activity of 133Xe with planar germanium detector (HPGe). Basic idea and realization. 
	1

	11.
	Basic quantities and units describing the interactions of ionizing radiations with matter. Particle fluence, energy fluence, mass-energy transmission and absorption coefficients, stopping power, absorbed dose, Kerma, exposure, etc.). Relations Kerma-absorbed dose, Kerma- energy fluence and and Kerma-exposure. The notion of charged particle equilibrium for photon fields. Behavior of the dose and Kerma on the boundaries between different materials .   
	2

	12. 
	Absolute measurement of Kerma in air with free air ionization chamber. Principles and correction factors.
	2

	13. 
	Cavity theory. Bragg-Gray cavity theory and Spencer-Attix modifications. Absolute measurement of Kerma in air with cavity chambers. Principles and correction factors.
	2

	14.
	Metrological assurance in x- and gamma- ray dosimetry. Gamma and x-ray lines. 
	1

	15.
	Liquid scintillation counting (LSC). Absolute measurement of activity by Triple-to –double coincidence ratio method in LSC. 
	1

	16.
	Measurement of surface contamination with beta- and alpha- emitters. Calibration of surface contamination monitors.  
	1

	17. 
	222Rn metrology. Creation of reference 222Rn atmosphere for calibration of 222Rn measuring instruments. 
	1

	18. 
	Discussion with the students
	1


Lessons plan – practical excercises
	№
	Topic:
	Acad. hours

	
	Practical excercises
	

	1
	 Calibration of LS analyzer RackBeta 1219 for measurement of activities of 55Fe, 63Ni, 241Pu  and 222Rn. Determination of the quenching curves. Uncertainty analysis. 
	5

	2
	Calibration of portable monitor (Microcont II) for surface contamination with beta- emitters. Evaluation of the dependence of the efficiency on the maximum beta- energy and uncertainty analysis.
	5

	3
	Creation of (secondary) reference 222Rn atmosphere using reference radon monitors (AlphaGuard RnTnPro or Rad7).
	5

	4
	Processing and analysis of solid-state nuclear track detectors. Application to cumulative radon measurements. 
	10

	5
	Activity measurements with high-purity germanium detectors
	5


Topics Covered on the Final Exam

	№
	Topic

	1.
	  The scientific method.  Objectives and goals of the metrology of ionizing radiations (MIL), MIL organization, primary and secondary standards. Notion of traceability and traceability chain.  

	2.
	The notion of uncertainty. Type A and type B evaluation of uncertainties. Uncertainty propagation. Combined uncertainty. 

	3.
	Statistical distributions- Poisson, Gauss, Chi-squared and Student’s distribution. Confidence intervals. Reporting the uncertainty: enlarged uncertainty and uncertainty budget. Sensitivity coefficients. 

	4.
	Estimation of uncertainties in the case of independent measurements with unequal uncertainties. Weighted mean.Internal and external uncertainty. 

	5.
	Interaction of charged (alpha- or beta- ) particles and uncharged (x-rays, gamma rays) particles with matter.

	6.
	Principle of operation of ionization chambers, proportional counters and Geiger-Muller counters, scintillation and semiconductor detectors. Applications in radionuclide metrology. 

	7.
	Beta-gamma coincidence and anti-coincidence counting. Application to absolute activity measurements. 

	8.
	The fixed solid angle method. Application to absolute measurement of the activity of 222Rn. 

	9.
	Absolute measurement of the activity of beta- emitting radioactive noble gases by internal proportional gas counting. 

	10.
	Precise measurement of the activity of 133Xe with planar germanium detector (HPGe). 

	11.
	Quantities and units describing the interactions of ionizing radiations with matter. Relations Kerma-absorbed dose, Kerma- energy fluence and and Kerma-exposure. The notion of charged particle equilibrium. Behavior of the dose and Kerma on the boundaries between different materials.   

	12.
	Absolute measurement of Kerma in air with free air ionization chamber. 

	13.
	Bragg-Gray cavity theory and Spencer-Attix modifications. Absolute measurement of Kerma in air with cavity chambers. 

	14.
	Metrological assurance in x- and gamma- ray dosimetry. Gamma-lines 

	15.
	Liquid scintillation counting (LSC). The TDCR method in LSC for absolute activity LSC measurements.  

	16.
	Surface contamination monitors and measurement of surface contaminations with beta- and alpha- emitters. 

	17.
	222Rn metrology. Creation of reference 222Rn atmosphere for calibration of 222Rn measuring instruments. 
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�	 Depending on the course specificity and on the requirements of the teacher, other types of activity can be added or the unnecessary ones can be removed. 






