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How is HLV defined?

that thickness of material necessary to produce a reduction to 50 
percent of the initial exposure rate. 

EUROPEAN 
PARTNERSHIP

thickness of the attenuating layer that reduces the [air kerma] of
a unidirectional beam of infinitesimal width to half its initial 

value. 

defined as the thickness of the specified material which 
attenuates the air kerma or air kerma rate in the beam to one half 
of its original value measured without any absorber. 

Half-value layer is… 

the thickness of a specific material, usually aluminum, required to 
reduce the intensity of an X-ray beam by halfGoogle

ICRU Report 10b

ISO 4037-1

TRS457



Characterization of RQ

- X-ray tube voltage
- First Half-Value Later
- Homogeneity coefficient
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ℎ =
1stHVL
2ndHVL

1st HVL: reduction to 50 % of initial beam

2nd HVL: reduction to 25 % of initial beam

2𝑛𝑛𝑛𝑛𝐻𝐻𝐻𝐻𝐻𝐻 = 𝑑𝑑 ⁄1 4 − 1𝑠𝑠𝑠𝑠𝐻𝐻𝐻𝐻𝐻𝐻

𝑑𝑑 ⁄1 4 is the thickness of an absorber necessary to reduce the air
kerma (air kerma rate) to one quarter
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𝐾𝐾∗ 𝐸𝐸 = 𝐾𝐾 𝐸𝐸 e−𝜇𝜇 𝐸𝐸 𝐷𝐷

𝑲𝑲∗ 𝑬𝑬  = Air kerma behind absorber 
(at energy E)

𝑲𝑲(𝑬𝑬) = Air kerma without absorber 
(at energy E)

𝝁𝝁 𝑬𝑬  = linear attenuation coefficient

𝑫𝑫 = Thickness of absorber 1st HVL 2nd HVL

⁄𝐾𝐾∗ 𝐾𝐾 = 1/2

⁄𝐾𝐾∗ 𝐾𝐾 = 1/4
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Attenuation law
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𝐾𝐾∗ 𝐸𝐸 = 𝐾𝐾 𝐸𝐸 e−𝜇𝜇 𝐸𝐸 𝐷𝐷

𝑲𝑲∗ 𝑬𝑬  = Air kerma behind absorber 
(at energy E)

𝑲𝑲(𝑬𝑬) = Air kerma without absorber 
(at energy E)

𝝁𝝁 𝑬𝑬  = linear attenuation coefficient

𝑫𝑫 = Thickness of absorber 1st HVL 2nd HVL

⁄𝐾𝐾∗ 𝐾𝐾 = 1/2

⁄𝐾𝐾∗ 𝐾𝐾 = 1/4
1st HVL(𝐸𝐸) =

ln 2
𝜇𝜇(𝐸𝐸)
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Attenuation law

𝐾𝐾 𝐸𝐸 /2 = 𝐾𝐾 𝐸𝐸 e−𝜇𝜇 𝐸𝐸 𝐻𝐻𝐻𝐻𝐻𝐻(𝐸𝐸)1



How are HLVs measured?

HVLs can be measured(determined) by
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XMMs 
(useful in clinics)SpectrometryDosimetry

(the most accessible)
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Dosimetry method

Filter thickness
(in mm)

Measurement procedure

• Determination of dose without 

absorber (but identical setup)

• Plot data:

𝑓𝑓 𝐷𝐷 = loge(𝐾𝐾a,𝐷𝐷)

• Linear fit of f(D)

• Calculate HVL

lo
g e

(K
a)

𝑓𝑓 𝐷𝐷 = 𝑎𝑎 � 𝐷𝐷 + 𝑏𝑏

loge(Ka,0/2)

HVL

• Measurements at varying filter 

thicknesses around expected HVL

EUROPEAN 
PARTNERSHIP



EUROPEAN 
PARTNERSHIP

M0 – measured dose/kerma (rate) without attenuation
M1 - measured dose/kerma (rate) after attenuator thickness t1
M2 - measured dose/kerma (rate) after attenuator thickness t2

𝐻𝐻𝑉𝑉𝑉𝑉 =
𝑡𝑡2 ln 2𝑀𝑀1

𝑀𝑀0
− 𝑡𝑡1ln(2𝑀𝑀2

𝑀𝑀0
)

ln(𝑀𝑀1
𝑀𝑀2

)
𝐻𝐻𝐻𝐻𝐻𝐻 =

ln 𝑀𝑀0
2 − ln 𝑀𝑀1

ln 𝑀𝑀2 − ln 𝑀𝑀1
𝑡𝑡2 − 𝑡𝑡1 + 𝑡𝑡1

Dosimetric determination

IAEA HHS 47 Handbook for Basic 
QC Tests for Diagnostic 

Radiology

Wagner L. (1990)



Experimental Set-Up
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Schematic drawing of the HVL measurement set-up, where: Fo is the focal spot;
S is the shutter; A1, A2, A3 are apertures; F is added filtration; FHVL is the HVL 
absorber; M is the monitor chamber; D is the detector; P is the point of test.
(TRS457, p.262)



Experimental Set-Up
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absorber

detector

source

monitor chamber



Experimental Set-Up
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HVL collimator

Exradin A3 chamber

Set of aluminum filters



Experimental Set-Up
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Al-filter assembly to
determine HVL (PTB)



General requirements on Set-Up
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• Minimize influence of scatter

− Small diameter of aperture/field size at detector

− Small detector

− Large distance of absorber to detector

− Large distance of absorber to monitor chamber

• Flat energy response of the detector

• Reproducible measurements

• Well-defined absorbers



Specific requirements on Set-Up
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DR (TRS457) RP (ISO4037)

Detector: Fully covered by beam IC, diameter of less 
than 3 cm 

Absorber material aluminum, purity 
99,9%, homogeneous, 
thickness should be 
known within 10 μm 
for >40keV, 5 μm for 
mammo

aluminum & copper, 
purity 99,98 % and 
99,95 %, homogeneous

Recommended 
distances:
source – detector: at least 100 cm (60 cm 

for mammo)
at least 50 cm

absorber – detector at least 5 � 𝑑𝑑𝑓𝑓 at least 10 � 𝑑𝑑𝑓𝑓
absorbers equidistant 
from the monitor 
chamber and
from the detector

absorber halfway 
between source and 
detector



What are the applications?
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- Determination of inherent filtration

- Validation of matched reference fields

- Calibration of XXMs



Sources of Uncertainties
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Causes for uncertainties of dosimetric HVL measurements

• Stability of spectrum (variations in the output of the X ray)

• Scattered Radiation

• Filters (thickness, purity)

• Dose rate and energy dependence of detector

• Ambient conditions (temperature, atmospheric pressure, humidity)

• Curve fitting



Sources of Uncertainties - Scattered Radiation
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Corrections if necessary (HVL0 = HVL at ideal conditions):

Correction factors (see Trout et al., 1960):
𝑘𝑘1 → extrapolation to zero field size
𝑘𝑘2 → deviation of distance focus – absorber from 1/2
𝑘𝑘3 → extrapolation to large distances
(𝑘𝑘1 ⋅ 𝑘𝑘2 ⋅ 𝑘𝑘3 ≥ 0)

(Trout et al. 1960)HVL0 =
HVLmeas

1 + 𝑘𝑘1 ⋅ 𝑘𝑘2 ⋅ 𝑘𝑘3



Sources of Uncertainties - Filters
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Thickness
Micrometer Balance method

𝑑𝑑 =
𝑚𝑚
𝜌𝜌 � 𝑆𝑆

Manufacturer

Purity

Homogeneity



Sources of Uncertainties - Filters
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Thickness
Micrometer Balance method

𝑑𝑑 =
𝑚𝑚
𝜌𝜌 � 𝑆𝑆

Filter thickness 1 mm 0,1 mm 0,01 mm
Balance method
Relative standard uncertainty 0,12% 0,12% 0,14%
Rel. expanded uncertainty 0,24% 0,24% 0,29%
By Micrometer
Standard uncertainty, mm 0,001154 0,000512 0,000394
Relative standard uncertainty 0,12% 0,44% 3,76%
Rel. expanded uncertainty 0,23% 0,88% 7,51%

Standard equipments used for measurements:
Mass RADWAG XA 200.4Y.A.KB Mass Comparator

Resolution 0,01 mg
Unsertainty (k=2) 0,05 mg

Diameter Caliper 
Resolution 0,01 mm
Unsertainty (k=2) 0,014 mm

Thickness Micrometru
Resolution 0,001 mm
Unsertainty (k=2) 0,0035 mm


Primary data

						1 mm								0,1 mm								0,01 mm

						m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter				m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter				m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter						For experiment was selected three Al filters with thicknesses 1; 0,1 and 0,01 mm

						10.23322		70.07		0.991				1.16792		69.95		0.116				0.13039		70.50		0.010						Standard equipments used for measurements:

						10.23318		70.07		0.988				1.16794		69.97		0.118				0.13040		70.30		0.011						Mass		RADWAG XA 200.4Y.A.KB Mass Comparator

						10.23323		70.07		0.990				1.16793		69.97		0.118				0.13046		70.45		0.009								Resolution				0.01		mg

						10.23325		70.06		0.985				1.16795		69.96		0.116				0.13044		70.25		0.010								Unsertainty (k=2)				0.05		mg

						10.23326		70.08		0.995				1.16797		69.97		0.116				0.13042		70.40		0.011

						10.23327		70.07		0.996				1.16801		69.97		0.114				0.13040		70.35		0.010						Diameter		Caliper 

						10.23323		70.07		0.992				1.16799		69.96		0.115				0.13040		70.40		0.010								Resolution				0.01		mm

						10.23324		70.07		0.992				1.16798		69.95		0.116				0.13039		70.50		0.011								Unsertainty (k=2)				0.014		mm

						10.23327		70.07		0.986				1.16797		69.96		0.116				0.13041		70.25		0.011

						10.23326		70.07		0.991				1.16797		69.95		0.118				0.13040		70.35		0.012						Thickness		Micrometru

				aver		10.23324		7.007		0.991				1.16796		6.996		0.116				0.13041		7.038		0.011								Resolution				0.001		mm

				uA		0.0000087496		0.00015		0.001				0.0000088255		0.00028		0.0004229526				0.0000072188		0.00291		0.0002687419								Unsertainty (k=2)				0.0035		mm

										0.11%								0.36%								2.56%

				Resolution						0.0002886751								0.0002886751								0.0002886751

				Uncertainty of calibration						0.00000175								0.00000175								0.00000175

				Standard uncertainty						0.0011542206		mm						0.0005120794		mm						0.0003944092		mm

				Relative standard uncertainty						0.12%								0.44%								3.76%

				Rel. expanded uncertainty						0.23%								0.88%								7.51%

				Balance method																																				Filter thickness						1 mm		0,1 mm		0,01 mm

				Relative standard uncertainty						0.12%								0.12%								0.14%														Balance method

				Rel. expanded uncertainty						0.24%								0.24%								0.29%														Relative standard uncertainty						0.12%		0.12%		0.14%

				aver						0.9832688763								0.112574595								0.0124222634														Rel. expanded uncertainty						0.24%		0.24%		0.29%

																																								By Micrometer

				difference						-0.75%								-3.31%								15.47%														Standard uncertainty, mm						0.0011542206		0.0005120794		0.0003944092

																																								Relative standard uncertainty						0.12%		0.44%		3.76%

																																								Rel. expanded uncertainty						0.23%		0.88%		7.51%





1 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000087496

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		10.23324						0.0000266437		0.0000230812		0.0000000006

				Diameter measurements, cm				0.0001490712

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		7.007						0.0041447423		-0.0280653311		-0.0001163236

				Density All, g/cm3		2.699						0.0000353553		-0.0364322085		-0.0000012881

				Pi		3.142

				Thickness, cm		0.0983268876										0.0001163307

				Thickness, mm		0.9832688763										0.001163307

				Relative standard uncertainty												0.12%

				Rel. expanded uncertainty (k=2)												0.24%





0,1 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000088255

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		1.16796						0.0000266687		0.0000232254		0.0000000006

				Diameter measurements, cm				0.0002768875

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		6.996						0.004151305		-0.00321821		-0.0000133598

				Density All, g/cm3		2.6989						0.0000353553		-0.0041711288		-0.0000001475

				Pi		3.1415926536

				Thickness, cm		0.0112574595										0.0000133606

				Thickness, mm		0.112574595										0.0001336059

				Relative standard uncertainty												0.12%

				Rel. expanded uncertainty (k=2)												0.24%





0,01 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000072188

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		0.13041						0.000026181		0.0000226837		0.0000000006

				Diameter measurements, cm				0.0029107082

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		7.038						0.0050624983		-0.0003530306		-0.0000017872

				Density All, g/cm3		2.6989						0.0000353553		-0.0004602713		-0.0000000163

				Pi		3.1415926536

				Thickness, cm		0.0012422263										0.0000017873

				Thickness, mm		0.0124222634										0.0000178729

				Relative standard uncertainty												0.14%

				Rel. expanded uncertainty (k=2)												0.29%






Primary data

						1 mm								0,1 mm								0,01 mm

						m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter				m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter				m, g

Siarhei SAROKA: Siarhei SAROKA:
Mass of the filter		d, mm

Siarhei SAROKA: Siarhei SAROKA:
Diameter of the filter		h, mm

Siarhei SAROKA: Siarhei SAROKA:
Thickness of the filter						For experiment was selected three Al filters with thicknesses 1; 0,1 and 0,01 mm

						10.23322		70.07		0.991				1.16792		69.95		0.116				0.13039		70.50		0.010						Standard equipments used for measurements:

						10.23318		70.07		0.988				1.16794		69.97		0.118				0.13040		70.30		0.011						Mass		RADWAG XA 200.4Y.A.KB Mass Comparator

						10.23323		70.07		0.990				1.16793		69.97		0.118				0.13046		70.45		0.009								Resolution				0.01		mg

						10.23325		70.06		0.985				1.16795		69.96		0.116				0.13044		70.25		0.010								Unsertainty (k=2)				0.05		mg

						10.23326		70.08		0.995				1.16797		69.97		0.116				0.13042		70.40		0.011

						10.23327		70.07		0.996				1.16801		69.97		0.114				0.13040		70.35		0.010						Diameter		Caliper 

						10.23323		70.07		0.992				1.16799		69.96		0.115				0.13040		70.40		0.010								Resolution				0.01		mm

						10.23324		70.07		0.992				1.16798		69.95		0.116				0.13039		70.50		0.011								Unsertainty (k=2)				0.014		mm

						10.23327		70.07		0.986				1.16797		69.96		0.116				0.13041		70.25		0.011

						10.23326		70.07		0.991				1.16797		69.95		0.118				0.13040		70.35		0.012						Thickness		Micrometru

				aver		10.23324		7.007		0.991				1.16796		6.996		0.116				0.13041		7.038		0.011								Resolution				0.001		mm

				uA		0.0000087496		0.00015		0.001				0.0000088255		0.00028		0.0004229526				0.0000072188		0.00291		0.0002687419								Unsertainty (k=2)				0.0035		mm

										0.11%								0.36%								2.56%

				Resolution						0.0002886751								0.0002886751								0.0002886751

				Uncertainty of calibration						0.00000175								0.00000175								0.00000175

				Standard uncertainty						0.0011542206		mm						0.0005120794		mm						0.0003944092		mm

				Relative standard uncertainty						0.12%								0.44%								3.76%

				Rel. expanded uncertainty						0.23%								0.88%								7.51%

				Balance method																																				Filter thickness						1 mm		0,1 mm		0,01 mm

				Relative standard uncertainty						0.12%								0.12%								0.14%														Balance method

				Rel. expanded uncertainty						0.24%								0.24%								0.29%														Relative standard uncertainty						0.12%		0.12%		0.14%

				aver						0.9832688763								0.112574595								0.0124222634														Rel. expanded uncertainty						0.24%		0.24%		0.29%

				difference						-0.75%								-3.31%								15.47%														Standard uncertainty, mm						0.0011542206		0.0005120794		0.0003944092

																																								Relative standard uncertainty						0.12%		0.44%		3.76%

																																								Rel. expanded uncertainty						0.23%		0.88%		7.51%





1 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000087496

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		10.23324						0.0000266437		0.0000230812		0.0000000006

				Diameter measurements, cm				0.0001490712

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		7.007						0.0041447423		-0.0280653311		-0.0001163236

				Density All, g/cm3		2.699						0.0000353553		-0.0364322085		-0.0000012881

				Pi		3.142

				Thickness, cm		0.0983268876										0.0001163307

				Thickness, mm		0.9832688763										0.001163307

				Relative standard uncertainty												0.12%

				Rel. expanded uncertainty (k=2)												0.24%





0,1 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000088255

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		1.16796						0.0000266687		0.0000232254		0.0000000006

				Diameter measurements, cm				0.0002768875

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		6.996						0.004151305		-0.00321821		-0.0000133598

				Density All, g/cm3		2.6989						0.0000353553		-0.0041711288		-0.0000001475

				Pi		3.1415926536

				Thickness, cm		0.0112574595										0.0000133606

				Thickness, mm		0.112574595										0.0001336059

				Relative standard uncertainty												0.12%

				Rel. expanded uncertainty (k=2)												0.24%





0,01 mm

								A		B		u		Sensivity

				Masa measurements, g				0.0000072188

				Balances resolution						0.0000028868

				Calibration certificate						0.000025

				total for m		0.13041						0.000026181		0.0000226837		0.0000000006

				Diameter measurements, cm				0.0029107082

				 caliper resolution						0.0028867513

				caliper uncertainty (Calibration certificat)						0.0007

				additional uncertainty due to soft foil						0.0028867513

				total for d		7.038						0.0050624983		-0.0003530306		-0.0000017872

				Density All, g/cm3		2.6989						0.0000353553		-0.0004602713		-0.0000000163

				Pi		3.1415926536

				Thickness, cm		0.0012422263										0.0000017873

				Thickness, mm		0.0124222634										0.0000178729

				Relative standard uncertainty												0.14%

				Rel. expanded uncertainty (k=2)												0.29%







Sources of Uncertainties
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Dose rate and energy dependence of detector  

Ambient conditions

Correction for normal condition must be done for all measurements of Kerma

If gradient of the temperature more then 1 degree needed separation measurement 
of the temperature for monitor and ionizing chamber.

Leakage should bee negligible for measurements kerma for all absorbers.  

Detector must have the flat energy dependence, or corrections for changing energy 
should be applied. 



Uncertainty budget
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Source of uncertainty Type A Type B
Uncertainty related to the AIR KERMA (%)
(a) IC energy dependance 0,18
(b) measurement of ionization current 0,05
(c) temperature correction 0,003
(d) air pressure correction 0,007
(e) change in air kerma rate (non-linearity) 0,04
(f) HVL filter purity 0,02

(g) others 0,06
Combined uncertainty of Ka/Ka0 k=1 (%) 0,197

ln 𝐾̇𝐾𝑎𝑎/𝐾̇𝐾𝑎𝑎,0 = ln
𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟 � 𝑘𝑘𝑝𝑝𝑝𝑝,𝑟𝑟𝑟𝑟𝑟𝑟 � 𝑘𝑘𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 � 𝑁𝑁𝐾𝐾

𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟,0 � 𝑘𝑘𝑝𝑝𝑝𝑝,𝑟𝑟𝑟𝑟𝑟𝑟,0 � 𝑘𝑘𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜,0 � 𝑁𝑁𝐾𝐾,0
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Source of uncertainty Type A Type B
Uncertainty related to the FILTER THICKNESS (mm Al)
(a) filter thickness 0,006
(b) filter uniformity 0,001
(c) others 0,003
Expanded uncertainty k=2 (mmAl) 0,01
Expanded uncertainty k=2 (%) 0,51

𝑑𝑑𝐻𝐻𝐻𝐻𝐻𝐻 = �
𝑖𝑖=1

𝑛𝑛
𝑚𝑚𝑖𝑖

𝜌𝜌𝑖𝑖 � 𝜋𝜋 � 𝑟𝑟𝑖𝑖2
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Source of uncertainty Type A Type B
Uncertainty related to XMMs (%)
(a) positioning the XMM 0,41
(b) XMMs HVL reading 0,2
(c) XMMs HVL resolution 0,11
(d) zero-field correction 0,08
(e) others 0,06
Combined uncertainty k=1 (%) 0,48
Expanded uncertainty k=2 (%) 0,958
Uncertainty related to the HVL calibration coefficient (%)
Combined uncertainty k=1 (%) 0,92
Expanded uncertainty k=2 (%) 1,83

𝐻𝐻𝐻𝐻𝐻𝐻𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢=M� 𝑘𝑘𝑝𝑝𝑝𝑝𝑝𝑝 � 𝑘𝑘𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑘𝑘𝐻𝐻𝐻𝐻𝐻𝐻 =
𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝑟𝑟𝑟𝑟
𝐻𝐻𝐻𝐻𝐻𝐻𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢



Literature

EUROPEAN 
PARTNERSHIP

Technical Reports Series No. 457 “Dosimetry in diagnostic radiology: an international code of practice”

ICRU Report 10b (1964). Physical Aspects of Irradiation.

IAEA HHS 47 Handbook for Basic QC Tests for Diagnostic Radiology

Wagner L. (1990). On the measurement of half-value layer in film-screen mammography. Medical Physics, Vol.17, No.6, 
November 1990, pp. 989-997. doi: 10.1118/1.596444

ISO 4037-1 (2019). Radiological protection - X and gamma reference radiation for calibrating dosemeters and doserate meters 
and for determining their response as a function of photon energy - Part 1: Radiation characteristics and production methods.

Trout, E.D., Kelly, J.P. and Lucas, AC (1960). Determination of Half-Value Layer. Am. J. Roentgenology, 84, 1960, p. 729. 



EUROPEAN 
PARTNERSHIP

Thank you for your attention!
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