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10 R min™!, the difference is only about 0.05%. The experimental evidence
strongly supports the 1/V? extrapolation except perhaps for very low exposure
rates (<3 R min~ ') where the variability in experimental results does not allow
firm conclusions to be drawn. The recombination correction factors based on

this extrapolation are as follows:

-+

% = & (& min™!) 3.0 11.4 20.5 29.1 37.6

Kgat 1.0005 1.0011 1.0017 1.0023 1.0032
(Ksat; 1)/% 0.000096  0.000083  0.000079  0.000085
Mean AkSat* 1+ (0.0082 % Q.OOO7)% /R min~!

{
i

* Average of three higher exposure rate values,.

For the maximum calibration exposure rate of 10 R min~} the factor Kgat = 1.00082,

ELECTRON LOSS

For the NRL chamber the correction for electron loss is only of significance for
the harder copper qualities. Values previously derived from NBS Handbook 64
data (Wyckoff and Attix, 1957) for "medium'" filtration beams are listed in the

table. The values are also plotted in Fig. 6.

HVL (mmCu) 0.6 1.23 2.14

Ko 1.00016 1.00065 1.00146

SCATTERED PHOTON CONTRIBUTION

Secondary photons scattered out of the primary beam contribute additional
ionisation in the collection volume which requires to be corrected for.

Kemp (1974) has noted "that this is not an easy correction to derive" and

that although the correcfion is relatively small "the data available for
deriving it are neither as complete or as satisfactory as one would wish". In
a study of plate separation requirements for standard free-air chambers Attix

and De La Vergne (1954) measured ionisation produced by x-rays scattered out
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of the collimated beam for a National Bureau of Standards chamber. They noted
that the photon scatter contribution was dependent not only upon plate
separation andtheight, but also upon the length of the irradiated air column
within the chamber enclosure and that '"thus this ionization cannot be conveniently
tabulated." However, a tabulation of secondary photon contributions was
provided by WycKoff and Attix (1957) for the NBS chamber, and this data has

previously been adapted to obtain Kph corrections for the NRL chamber.

Theoretical and experimental evaluation of the photon gain corrections for
varying chamber dimensions have been carried out and are reported on separately
(McEwan, 1981). The study showed that in determining appropriate corrections
account must be taken not only of the chamber geometry but also of photon
scattering from the wall materials, and also that for higher energy techniques
in particular, con;ideration should be given to contributions from diaphragm
scattering and poséibly stray radiation penetration of the chamber. For the
NRL chamber with 10 mm diameter aperture the derived corrections, taken from

McEwan (1981) were as follows:

Kph (% of primary beam ionisation)

Teéhnique

. Contributor 4 7 9 11

Scattered photons from 0.80 0.69 0.59 0.50
primary air path

Wall scatter factor x 1.02 x 1.04 x 1.08 x 1.095
0.82 0.72 0.64 0.55

Diaphragm scatter - - + 0.01 + 0.04
Stray radiation - - - + 0.01
Total 0.82 0.72 0.65 0.60

Koh 0.9919 - 0.9929 0.9935 0.9940

The estimated error associated with the total corrections was *0.157 of the

primary beam ionisation.
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FIELD DISTORTION

Measurements of field distortion in free-air ionisation chambers by an analogue
method have been carried out by Miller and Kennedy (1955), and causes of field

distortion are discussed by Wyckoff and Attix (1957).

For the NRL chamber, T shaped guard strips are used rather than wires or flat
strips. Since g;e T sections of the strips partly overlap with each adjacent
strip the grounded chamber enclosure is effectively totally screened by the
guard system, and the major source of distortion considered by Miller and
Kennedy is very largely avoided. A direct measurement to assess the possible
magnitude of any error is not possible since the chamber is not located
symmetrically within the shielding enclosure. The spacing between strip
centres is only 10 mm and distortion in the neighbourhood of individual strips

is considered to give rise to an insignificant error from field distortion at

the distance of the collection plate.

Misalignment of collector and guard plates would, according to NBS Handbook 64
(Wyckoff and Attix, 1957) give rise to an error of about 0.1% for 0.025 mm
misalignment, for a collecting plate width of 100 mm and a gap of 0.9 mm. For
the NRL chamber all three plates were planed together on a rigid mountihg with
measured differences between plates of less than 0.013 mm, so that any errors

from this source are considered to be much less than 0.1%.

Considering all sources of field distortion together, a factor Rese1d =

1.000 £ 0.002 has been assigned.

SUMMARY OF CORRECTIONS AND ERRORS

Chamber correction factors (for technique 7, 100 kV, 4 mmAl HVL) and measured

quantities and associated errors are summarised in the table.
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Standard chamber correction factors and errors.

Quantity or factor Value Error (7)
(Voltage - 0.02)+
(Capacitance 1.00001 x 10" °F 0.002)
Charge - 0.1

A N 7.8239x 107° m? 0.044
L 1,00253 x 107! m~ 0.013
(Temperature | 0.03%)
(Pressure 0.02%)
Kpp 0.03%
Ky ‘ 0.1
Kair 1.0090 0.15
Kgat 1.00082%* A . 0.007%*
Ke 1.0000 <0.01
Koh 0.9929 0.15
Kfield 1.0000 0.2

0.33 (quadrature sum)

4+  Values bracketed are components of quantities or factors listed
subsequently.

* These errors will be applicable after further study or calibration.
True error limits are not precisely known at present.

%% For an exposure rate of 10 R min~?.

The accuracy of measurement varies with x-ray quality, principally as a result
of variations in the estimated error associated with Kgj,. Values calculated

&

for the standard technidues are as follows:

Technique 1 2 3 4 5 6 7 8 9 10 11 12
% Error 0.42 0.38 0.35 0.35 0.33 0.33 0.33 0.33 0.33 0.31 0.31 0.31
Entering the invariant values in the expression for exposure (p. 1)

X = 0.41019 Vg Kaiy Kgar Ke Kph Ky /Kpp R

yffOr temperature correcfions to 202@, wh%re‘VS is the measured yoltagg acrogs the,

standard capacitor.
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APPENDTIX

|
|
|

|
DETATILS OF THE MEDIUM ENERGY X~-RAY STANDARD CHAMBER

A, D. Parton

X-ray Sources

.

X-rays are generated by a Seifert 300 kV industrial x-ray plant which has been
modified for this purpose. Two tube heads are provided, one,a Muller 150 kV Be
window, covers the range from 50-120 kV,while the other, a Seifert 300 kV
industrial tube, covers the range 100-300 kV. Tube current may be continuously
varied up to 10 mA. Tube selection is achieved by remote controlled oil
immersed high voltage switches, and a pneumatiCallygpowered trolley which brings
the selected tube into line with the standard chamber. Each tube is fitted
with a lead shutter which may be control}ed either manually or by an electronic
timer. The x-ray béam is modified by a filter system, the thickness of which
may be selected from the control room by means of thumbwheel switcﬁes allowing
different thickness combinations of copper and aluminium to be selected.

The tube kilovoltage is measured at the HT side of the transformer by means of

a resistive voltage divider and read on a digital panel meter.

Standard Chamber

The free-air chamber has a 10 mm diameter heavy alloy (90% tungsten) diaphragm
and a 100 mm wide collecting plate, with 250 mm distance from the defining plane
of the diaphragm to the centre of the collecting plate. The polarising voltage
is 10 kV positive and the distance between the polarising plate and the
collecting plate is 350-mm. Field uniformity is ensured by aluminium guard
strips and the voltage gradient of 280 V cm . The chamber is supported on a
set of rails which allow the chamber to be moved backwards, and the rails are
mounted on a trolley which can be mgved sideways to allow either the gtandard
chamber or one of two holders for thimble chambers to be placed in the centre of

the beam. All these movements are pneumatically powered and remotely controlled

from the operator's booth.



Instrumentation

The charge collected from the standard chamber is measured with an electrometer
(Reithley Type 616)used in the fast feedback mode. A reference standard 1000pFd
capacitor. (General Radio) is used to store the charge and the voltage is
measured with a precision 6-digit digital voltmeter (Solartron A233). Another
voltmeter is used as a readout for transducers which measure the temperatures of

the room, inside the standard chamber and the monitor chamber.

A monitor chamber is mounted in the beam near the filter changer and the charge
from this is measured on a second electrometer (Keithley 610c) used in "fast"
coulomb mode. The voltage from this can be read directly on the digital
voltmeter and used as a reference to display the ratio of standard chamber
volts to monitor volts. The polarising voltage for the monitor chamber is

obtained from a tapping on the bleeder chain on the standard chamber guard

circuit.

Operation

Laboratory policy is to éalibrate secondary standard instruments at techniques
used in client organisations and to use correction factors appropriate to each
technique rather than values from a smoothed curve. To set ﬁp the equipment

for a calibration the desired beam quality is obtained by selecting the x-ray
tube which is the most suitable, the kV required and the filtration necessary to
obtain the desired HVL. The selection of one of the x-ray tubes automatically
brings into operation all ancillary equipment such as cooling pumps, kV meter
ranges, filament supplies and shutter and warning lights required for that tube,
and safety interlocks ensure that the equipment cannot be operated in a

dangerous or destructive combination of conditions,

Calibrations

A set of 12 "standard" techniques are used for comparison purposes. These,
listed in the table, provide typical kV-filtration combinations in common

practice.
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Homogeneity

Filter HVL Factor
0.375 mmAl 0.35 mmAl 0.60
0.500 mmAl 0.50 mmAl 0.62
0.625 mmAl 0.70 mmAl 0.69
1.00 mmAl 1.00 mmAl 0.65
1.50 mmAl 1.50 mmAl 0.68
1.81 mmAl 2,00 mmAl 0.65
3.62 mmAl 4.00 mmAl 0.66
0.03 mmCu 0.20 mmCu 0.53
1.00 mmAl
0.19 mmCu 0.50 mmCu 0.56

. mmAl
0.39 mmCu 1.00 mmCu 0.60
1.00 mmAl
1,10 mmCu 2.00 mmCu 0.75
1.00 mmAl
2.50 mmCu 3.00 mmCu 0.86

1.00 mmAl




LIST OF FIGURES

Figure 1. Ratio of the measured ionisation current I}, at relative humidity H,
to the reference current Iy, at zero relative humidity, for constant
temperature and total pressure. Ky = Io/In-

Figures 2 and 3. Measured and calculated air attenuation correction factors
for the aluminium and copper HVL regions, respectively.

Figure 4. Collected charge plotted against (1/kV)? and normalised to 100% at
10 kv,

Figure 5. Collected charge plotted against 1/kV, and normalised to 100% at
10 kV.,

Figure 6. Electron loss correction for NRL chamber derived from the data of
Wyckoff and Attix (1957) for "medium filtration".
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