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Summary 

From the point of view of radiation protection, it is important 

to know the followin g quantities in a neutron field: flux density, 

energy dose rate, and dose-rate equivalent. The measurement of these 

quantities over the entire energy range of interest (low2 to 107 ev) 

has hitherto been a problem. The Bramblett, Ewing, and Bonner neutron 

scintillation counter with an LiI(Eu) crystal and polythene spheres as 

moderators is very useful for this purpose. 

By means of a three-sphere combination (2, 3$ and 11 inches in 

diameter), a neutron flux density can be obtained over the range of 

0.5 ev to 7 x lo6 ev in a neutron field by summing the count rates 

obtained with the three spheres. 

W ith a two-sphere combination (2: and 11 z inches in diameter) and 

weighing factors, the dose rate curves for neutrons in the energy range 

of 10 -2 ev to 7 x 106 ev can be approximated. 

A  further three-sphere combination (5, 7, and 12 inches in diameter) 

and weighting factors is suitable for measuring the neutron dose-rate 

equivalent over the ranc,e of 0.5 ev to 7 x lo6 ev. 
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The biological dose curve, depending on the quality factor of Bond 

and Bateman, can be approxmated over the range of 10 -2 ev to 7 x lo6 ev 

by a three-sphere combination (2, 4, and 7 inches in diameter) and 

weighting factors. 

Later changes of the generally used quality factors can be allowed 

for in the measurement techniques by other sphere combinations. 

If one is interested in all four of the quantities mentioned, nine 

measurements with nine different spheres are necessary. The procedure 

can however be optimized. All four quantities can be measured over the 

energy range of 10 -2 7 evto10 ev as well as the average neutron energy, 

by five measurements with five different spheres (2, 3-$, 5, 7, and ll$ 

inches in diameter) and weighting factors. 

Besides the LiI(Eu) crystal detector, all other detector types 

based on the 6 Li(n,a) reac tion can be used, e.g. LiF therm0 luminescence 

detectors. 
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1. Introduction 

One of the principal tasks of practical radiation protection is the 

determination of dosimetric quantities in the radiation field in the 

vicinity of the source of ionizing radiation. Determination of these 

quantities gives rise to particular difficulties in the vicinity of 

neutron sources, since outside the screening of such sources neutrons 

with energies of 10 -2 to 107 ev may occur. 

The dosimetric quantities which are of interest for practical 

radiation protection in neutron fields are : 

neutron density cp 

energy dose rate i 
. 

dose-rate equivalent De 

To determine these quantities, the devices used in the measurements 

should be sufficiently sensitive , give direct readings so that the required 

quantity can be determined rapidly , and cover correctly the energy region 

of interest, i.e. the instrument reading in the energy range to which the 

detector of the measurement device responds should be proportional to 

the respective dosimetric quantity. 
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2. Important measurement techniques 

Table I shows a selection of the currently used important methods 

for flux density, energy dose rate, and dose-rate equivalent measure- 

ments, as well as the energy range over which they can be applied. 

Measurement procedures which assume a l/E neutron energy distribution in 

the intermediate range are not included in this list since outside the 

shielding of neutron sources this assumption is rarely fulfilledCpA- 64a-. J 
The quantities 'p(th), 6 (th) and ?)e (th) for thermal neutrons 

(E < 0.5 ev) are mostly measured by means of the 10 B(n,cc) and ‘Li(n,n) 

reactions in counting tubes, ionization chambers, and scintillation 

counters. In the intermediate range (0.5 ev < E C lo5 ev), cp(i>, hi) 

and i,(i) can be measured between 0.5 ev and 1 x lo4 ev with a boron- 

plastic scintillator and a 6.3 cm thick polythene sphere as a moderator 

[BA - 62$ For cp(i,f), the flux density of intermediate and fast 

neutrons, a Long counter is generally used [HS-471. For measuring 

the energy dose-rate i(f) of fast neutrons (E < 105 ev), the recoil 

counter, developed by Hurst and modified by others c HU-51, HU-53, HU-54, 

WA-58, ~0-60, IV-62, ~~-62 1 and the Skjoldebrand scintillation counter 



6 

are available. The tissue-equivalent ionization chamber, 

developed by Failla measures the energy dose-rate D(th,i,f) over the 

total energy range r FA-~S, FA-54, FA-55, ~0-56, SH-58, NR-61, ~~-62, ~0-62, 

~~-62 , 1 but it is also sensitive to Y radiation. The effect of Y 

radiation on the chamber must be allowed for in neutron dosimetry measure- 

ments. For small dose-rates a large expenditure on measurement techniques 

is necessary, so that the application of this ionization chamber in 

routine radiation protection is limited, 

A procedure for measuring the energy dose-rate i(i,f) in the 

intermediate and fast energy ranges is descr-ibed by Frid and his coworkers 

FR-64-j. The equipment consists of a modified Long counter. The BF 
3 

counting tube is retracted by several centimeters, and the front end of 

the Long counter is covered with a paraffin sheet several centimeters 

thick. Between the front end and the paraffin sheet is located a cadmium 

sheet. Unfortunately, the energy-dependence of this arrangement is known 

only down to 3 x 104 ev. The dose-rate eq,uivalent ie(f) of fast neutrons 

can be measured with the approved Dennis and Loosemore counting tubes 

DE-60 . 1 



The double-moderator procedure of De Pangher [l?A-591 is also qu1t.e 

widespread. The hitherto wrongly neglected contribution of the inter- 

mediate neutrons ie(i) to the dose-rate equivalent can be determined by 

a difference method [NA-64ai. This contribution can carry more than 9C$ 

of the total neutron dose-rate equivalent. For measuring the total dose- 

rate equivalent De(th,i,f), the BF3 counting tube dosimeter, the poly- 

thene moderator with internal boron absorber by Andersson and Braun 

l-@-62], as well as the 6LiI scintillation counter with a lo-inch poly- 

thene moderator sphere c HA-62, NA-62a 1 are available, Both devices are 

highly sensitive in the intermedicite range. 

It can be seen from Table 1 that, in order to determine several 

dosimetric quantities over the entire practically encountered energy 

range, more variable measurement procedures must be used. The aim of 

our work was to cover several dosimetric quantities with a single measure- 

ment procedure and over as much as possible of the total energy range. 

3. General comments on our 
measurement technique 

The scintillation counter described by Bram'blett, Ewing and Bonner 

. 
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L-1 BR 60 proved to be quite suitable for our purpose. fi4x4x4 mm 

6 LiI(Eu) crystal was in optical contact with a photomultiplier via a 

light guide. Polythene moderator spheres of various diameters can be 

positioned on the detector in such a manner that the crystal is located 

right in the middle of the moderator spheres. Figure 1 shows a cross- 

section of the detector head. Its sensitivity as a function of neutron 

energy was determined experimentally for the 2, 3, 5, 8, 12, and 10 inch 

sphere diameters in the thermal and fast energy ranges, and it was cal- 

culated in the intermediate range bR-60, HA-62-j. 

Figure 2 shows the curves with the sphere diameter as a parameter. 

Numerical values can be found in a paper by Maienschein and his associates 

bA-621. From these known curves, we calculated the energy dependence 

1 of the detector head sensitivities in - 4 -inch steps over the range of 

moderator-sphere diameter from 2 to 12 inches by interpolation, with the 

aid of IBM 1401 and 7090 electronic computers with Fortran programs. 

From the resulting family of 41 curves, by superposition of several curves 

and by using weighting factors with which the individual curves were 

covered, the flux density, energy dose rate, and dose-rate equivalent 
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measurements were analytically approximated to the required energy- 

dependences. 

It was shown that the energy-dependences of the three dosimetric 

quantities mentioned here can be satisfactorily approximated over a wide 

energy range by three-sphere or two-sphere procedures. For the entire 

energy range of interest, from 10 -2 to 107 ev, five-sphere or four-sphere 

procedures are required. If Z(di) are the measured count rates for 

spheres with diameters d i' then the sum 

s 2 c G. .Z(di) 
i 1 

is proportional to the required dosimetric quantity in the given energy 

range. The values of Gi are thus the weighting factors assigned to 

each sphere diameter. 

Details of the computer calculations can be found in [NA-64b]. 

4. Measurement technique for 
flux density determination 

We obtained the following results for the flux density determinations. 

The curves for the 2, 3* , and ll-inch sphere diameters gave a flat 

response in their sum over the range of 0.5 ev to 7 x lo6 ev [NA-64al. - - 
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The mean single-value deviation from the flat-response approximation of 

individual values of the theoretical curve is ( I@$. The sum of the 

count rates of the detector used with three-spheres in the same field, 

if the spheres are covered with Cd, is a standard for the neutron flux 

density from the Cd edge up to 7 x lo6 ev. 

We have 

A flat-response curve is obtained from 10 -2 to 

(i J> (1) 

107 ev (without 

Cd shielding) with a five-sphere approximation : 

w = 0,16*2(2") - 0,02*2(3 l/2")+ 0,12=2(5") - 0,07*2(7") 

+ 0,12*Z(ll l/2" ) z g(th, i, f) (2) 

The mean single-value deviation of this flat-response approximation 

from the individual values of the theoretical curve is less than 2%. 

Table 2 contains the relative numerical values for the individual 

sphere diameters, and Table 3 the relative numerical values for the 

approxinntions. 

The three-sphere technique has already been used in shielding in- 

vestigations. [NA-64a]. The five-sphere technique was compared with the 
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Long counter. In contrast to the sphere methods, the Long counter is 

strongly direction-dependent because of its construction, and its sensi- 

tivity falls strongly in the intermediate ran&e. Figure 3 shows the 

sensitivity of the Long counter as a function of the neutron energy. 

The solid curve is taken from the book by Allen @L-601. The measurement 

points were obtained by us with Sb-Be neutrons (3 x lo4 ev) and with 

thermal neutrons from the thermal pile of the FHJ-1 reactor. The relative 

sensitivity of the Long counter for PO-Be neutrons ( E = 4.5 x lo6 ev> 

was put equal to unity. Figure 4 shows the approximation of the flat- 

response curve with the five-sphere procedure. 

5. Measurement technique for deter- 
mining the energy dose rate 

The relationship between the energy absorbed per gram of' body tissue 

during the irradiation of the larger tissue layers, and the neutron 

energy (Figure 6) is ob,tained by calculations due to Snyder and Meufeld, 

and is a standard in radiation protection c ! NB-57-. This plot is called 

the energy dose curve. A dosimeter based solely on pulse signals gives 

the correct dosage independently of the energy distribution of the existing 
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spectrum only if the energy-dependence of its sensitivity shows the same 

curve as the dose curve. According to our calculations, the energy dose 

curve can be approximated sufficiently accurately by a two-sphere pro- 

cedure with weighting factors over the range from 10 -2 ev to 7 x lo6 ev 

kA-64b]. Measured with a 2; and a 11 3 inch sphere, the result is : 

S(6) = 0.02 x x(4") + 0.23 x Z(ll~") .Y, i(th,i,f) (3) 

The mean single-value deviation of the two-sphere approximation from 

the single values of the energy dose curve is less than 65. 

Even better approximation can be obtained with a four-sphere 

combination, thus : 

S(i) = 0.06 x Z($") - 0.08 x Z(5") + 0.04 x Z(7") + 0.23 x z(ll$ 'I) 

,* $(th,i,f) (4) 

over the energy range of 10 -2 ev to 10 7 ev. 

The mean single-value deviation of the four-sphere approximation 

from the single values of the energy dose curve is less than 3%. 

Table 2 contains the relative numerical values for the individual 

sphere diameters and Table 4 the relative numerical values for the 

approximations. 
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The four-sphere technique was compared with the energy dose-rate 

indicator reported by Frid and his coworkers The BFJ counting 

tube of our Long counter was moved back 6 cm for these measurements. In 

front of the front face of the Long counter was placed a 6 cm-thick 

paraffin plate, and a 1 mm thick Cd plate was located between the front 

face and the paraffin plate. Figure 5 shows the cross-section of the 

layout and the energy-dependence of its sensitivity according to FR-64 . C 3 
Below 3 x 104 ev, nothing is known about the further course of the curve. 

Figure 6 shows the approximation of the energy dose curve by the four- 

sphere procedure. 

6. Meas urement technique for 
determining the dose-rate equivalent 

From the energy dose-rate i , the so-called dose-rate equivalent 

‘e is obtained by multiplying by the quality factor QF . It represents 

the magnitude of the biological effect of radiation on the body. The Q,F 

values for neutrons are strongly energy-dependent , and a calcula- 

tion of the dose-rate equivalent ie from the energy dose-rate b is 

possible only if the spectral energy distribution of the neutrons is known. 
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An estimate can be made if the average energy E is known. In practice, 

neither is generally the case. 

The energy-dependence of the dose-rate equivalent can be plotted in 

a similar manner as the energy dose curve in the form of a dose equivalent 

curve or a biological dose curve as in Figure 8. An approximation of 

this curve between 0. 

combination bA-64b-1. 

s(i),) = 1.27 x z 

The mean single-value 

ev and 7 x 1 O6 ev is successful with a three-sphere 

It is 

7") + 0.54 x ~(12t) - 0.6'7 x Z(5") ti ie(i,f (5) 

deviation of this three-sphere approximation from 

the single values of the dose equivalent curve is less than 16%. 

An approximation for the total energy range of interest, from 

lo-2 ev to 107 ev, can be obtained with a five-sphere combination. 

de) = 0.1 2 x Z(2”) + 0.15 x z(3$ ") - 0.01 x Z(5'9 + 

0.14 x Z(7") + 0.01 x Z(ll$ ,,) ,* i,(th,i,f) (6) 

The mean single-value deviation of this five-sphere approximation 

from the single values of the dose equivalent curve is likewise less 

It is 

than 1675, 
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Table 2 contains the relative numerical values for the individual 

sphere diameters and Table 5 the relative numerical values for the 

approximations. 

The five-sphere technique was compared with a dosimeter with a 

BF3 sounting tube, a polythene moderator, and an internal boron absorber, 

developed by Andersson and Braun AN-62 . c 7 Figure 7 shows the energy- 

dependence of the sensitivity of this dosimeter, and Figure 8 the 

approximation of the dose equivalent curve by the five-sphere method. 

7. Measurement technique for deter- 

mining the dose-rate equivalent 
with the QF value according to 

Bond and Bateman 

With the Q,F vs.1 ue , the different biological effects of various 

types of radiation are taken into account for the same absorbed energy 

per unit mass of body tissue. The Q,F values for neutrons lie between 

2 and 10, but they should in no way be considered as safe (see, for 

example, FR-641). 

The Ql? values were derived by Bond and Bateman bO-60] for the 

irradiation of mice with fast neutrons. They lie between 2 and 5. The 
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application of these QF valu es is also discussed for the neutron 

irradiation of humans. They are already being used in certain works 

(for example, /&J-62, IV-631). 

With the aid of these LJF values we have obtained another dose 

equivalent curve which deviates from the currently valid curve (Figure 8) 

above 200 kev neutron energy; this is plotted in Figure 9. 

This curve can be approximated by a three-sphere combination. It 

is valid over the range from 10 -2 ev to 7 x lo6 ev : 

"(";I = 0.13 x &!") - 0.29 x t(4lf) + 0.62 x ~(7") ti ik(th,i,f) (72 

The mean single-value deviation of the approximation from the Single 

values of the calculated curve is 6%. 

A five-sphere combination produces a mean single-value deviation 

of the approximation over the energy range from 10 -2 ev to 10 7 ev from 

the single values of the calculated curve, of less than 5%. 

It is 

SCQ = 0.18 x Z(2") - 0.34 x Z(j+ ") + 0.19 x Z(5") f 0.30 x 2(7'!) 

+ 0.22 x X(11$") = t,(th,i,f) (8) 

Table 2 contains the relative numerical values for the individual 
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sphere diameters and Table 6 the relative numerical values for the 

approximations. The five-sphere approximation is plotted in Figure 9. 

8. Results and discussion 

The calculations for the four-sphere or the five-sphere approximations 

were not undertaken with the prime objective of obtaining a greater 

accuracy of the approximations. 

The increase in accuracy achieved is also fundamentally immaterial. 

An optimization should rather be achieved in such a manner that all the 

approximations are extended to the energy range of 10 -2 to 107 ev, and 

that the number of the spheres used can be reduced, when several dosi- 

metric values are to be measured. With the two-sphere or three-sphere 

procedures, a total of nine different polythene spheres is necessary 

for measuring the four dosimetric values 'p, i, De, and ii; - spheres 

2 with diameters of 2, 4, 3$, 3, 5, '7, 11, 114, and 12 inches. 

For the optimization, sphere diameters of 2, 3$, 5, 7, and lli 

inches were assumed, and for the approximations only the weighting 

factors were varied in the calculation. The resulting four-sphere or 

five-sphere procedures enable the quantities 'p(th, i, f), i (th,i,f), 

5e(W,f) 



3.8 

and D;(th,i,f), as well as the average energy 3 of the neutrons 

(see Section 10) to be determined with five single measurements 

in the energy range between 10 -2 and 107 ev. Figure 10 shows the 

counter head and the sphere combination. 

The five-sphere procedure for measuring cp(th,i,f) and ie(th,i,f) 

as well as the four-sphere procedure for measuring ;)(th,i,f) were 

compared with each instrument listed in Table 1. A Long counter was 

used for comparative measurements of the flux density, for the energy 

dose-rate comparative measurements a modified Long counter with the 

BF3-tube moved back, with a paraffin plate, and for the dose-rate 

equivalent comparison a dosimeter with a BF 3 counting tube, a poly- 

thene moderator, and an intelinal boron absorber. 

All six instruments and methods were calibrated with 1.02 Mev 

neutrons from a T(p,n) reaction on the 3 Mv Van de Graaff generator 

of the 2.PhysikalischesInstitut in Hamburg (see Section 9). 

The comparison measurements were made with neutrons from an Am-Be 

neutron source (Source I), a Ka-Be neutron source housed for the 

excitation of secondary photoneutrons in a Be cylinder 8 cm long and 
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having 2.5 cm wall-thickness (Source II), and with photoneutrons 

from a Sb-Be source (Source III). Sources I and II contain an 

intermediate component, and source III excites only intermediate 

neutrons (3 x lo4 ev). The distance of the detector from the 

source was 100 cm in each case. The measurements were carried out 

at a height of 20 m on the radiation mast of the Zentralabteilung 

Strahlenschutz. Figure 11 shows the expezimental arrangement. 

The results (Table 7) show satisfactory agreement. The lower 

values of thelflux density measurements with the Long counter are trace- 

able to the lower sensitivity of this instrument in the intermediate 

range (Figure 3). 

There is also an uncertainty, arising i'rom the fact that the 

course of the starting curves in Figure 2 has not yet been experi- 

mentally verified in the intermediate region on account of the lack 

of monoenergetic neutron sources in this region. Moreover, LiI(Eu) 

crystals are strongly hygroscopic, so that with any slight careless- 

ness in the installation of the counter heads, the useful life is 

sharply reduced. 
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Other future changes of the QF value can also be allowed 

for approximately by the sphere method, in a similar manner as 

for the approximation of the dose equivalent curve with the Bond 

and Bateman QF value. 

Apart from the LiI(Eu) crystal scintillation counter, all 

detector systems can be used whose function deponds on the 6Li(n,or) 

reaction and which are sufficiently small to be placed in the center 

of the spheres. 6 LiF in combination with 7 LiF thermoluminescence 

detectors are particularly suitable for fluence* and high-dose 

* Translator's note: term completely unfamiliar 

measurement in mixed radiation fields. 

9. Calibration 

The calibration of the instruments and the measurement procedures 

was carried out on the 3 Mv Van de Graaff generator of the 2.Physikalisches 

Institut of Hamburg University. The calibration consisted in establish- 

ing the proportionality factors in equations (2j, (4), and (6). W ith 

1.02 Mev neutrons of known flux density, we obtained 
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S(Y) . 1.36 = 'p(th,i,f) hm-ls-l] (2a) 

s(6) . 0.0173 = i(th,i,f) [mrad/h] (44 

S(i,). 0.086 = ie(th,i,f) [mrem/h) @a) 

The target of the Van de Graaff generator was located in a hall with 

thin aluminum walls 4 m above the floor, and more than 3 m distant 

fro:11 the next aluminum wall. The comparison measurements were 

carried out at a height of 20 m on thepadiation mast of the Zentral- 

ab%eilung Strahlenschutz of the Julich Nuclear Research Establishment. 

This was necessary for the following reasons: 

1. the sphere counter head is particularly sensitive to intermediate 

neutrons in measurements with small sphere diameters; 

2. with measurements in laboratories, stray neu,trons from the inter- 

mediate energy region can give higher count rates than direct 

neutrons, as a result of using smaller spheres; 

3. in contrast to the sphere procedures, the comparison instruments 

used for the flux density and energy dose-rate measurements are 

strongly direction-dependent. 

Measurements in neutron fields with a strong scatter-component 

must lead to inherent measurement errors if tk scatter component 
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is not determined. This ismually tested in the following way: the 

count rate a is measured at a distance x from the source, and 

the count rate b at a distance y. If it is assumed that the 

scatter level within the room in which the distances x and y lie 

has equal and constant flux density, directional distribution, and 

energy distribution, then we obtain from the quadratic distance equation 

the scatter component Z 

z- x2a - y*b 
x2 - y2 l 

(9) 

We have determined the count rate contribution of stray neutrons 

by this formula for all the spheres used with the five-sphere procedure 

in four positions: 

Position 1 : Center of the irradiation chamber, size of room 

10 m  x 10 m  x 3.2 m , 1.2 m  thick walls of concrete 

and sand, ceiling of 40 cm concrete, source and 

detector 1.20 m  above the floor, source to detector 

distance 1.00 or 1.44 m . 

Position 2: On the f lat roof of the irradiation chamber, 1.20 m  

above the floor, source to detector distance 1.00 to 

1.44 m . 
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Position 3 : Source 50 cm above the lower hanger of the 

radiation mast (Figure ll), 5 m above the 

roof of the irradiation chamber, detector 50 cm 

below the upper hanger of the radiation mast, 

source to detector distance 1.00 to 1.44 m. 

Position 4 : As position 3, but at a height of 20 m. 

The results are shown in Table 8. 

Equation (9) is only applicable for calculating the scatter rate 

if the assumption concerning the equivalence and constancy of the flux 

density, directional distribution, and energy distribution within the 

measurement chamber is valid. 

If stray bodies, e.g. people, are pr*esent in the vicinity, then 

this assumption is frequently no longer valid. Another method of 

measuring the scatter component, in which the direct radiation is 

screened by a polythene or a paraffin truncated cone, can likewise lead 

to errors, because the introduction of the truncated cone into the 

radiation field changes the scatter field. It is theref'o;-ne always 

advisable in calibration and comparison measurements, in which instru- 
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ments having different direction-dependence and different energy- 

dependence are used to carry out the measurements as scatter-free as 

possible. 

10. Determination of the average 
ener gy 

If the flux density and the average energy E in a neutron field 

are known, the energy dose rate and the dose-rate equivalent can be 

estimated. Jjietbods for determining the avera{:e neutron energy have 

been described CAM-36, ~33-46, HG-48, m-52, YO-55, PA-59, ~~-61, m-62, 

NA-62b). The count rates measured by application of the sphere procedure 

with different spheres can also be used. 

It is evident from Figure 2 that, for instance, the ratio of the 

relative count rates, measured with the 7 and 3-$ inch spheres, is a 

fnction of the neutron energy. This ratio is plotted in Figure 12. 

The curve can be used for estimating the average energy 3. 

The values in Table 9 result from our calibration and comparison 

measurements. 

The accuracy which can be achieved with this method is adequate for 

the purposes of radiation protection. 
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Table 1. 

Flux density, 'p 

Energy-dose- 
rate, D 

Dose-rate 
equivalent, De 

Thermal neutrons 

E < 0.5 ev 

l"B (n a) reaction 9 
or 'Li(n,a) reaction 
in counting tubes, 
ionization chambers, 
or scintillation 
counters 

Intermediate 
neutrons, 

0.5 ev4E 4105 ev 

Boron plastic 
I 

scintillator with t 1 
6.3 cm polythene I 
moderator sphere 1 

I I 

Fast neutrons 

E >105 ev 

Long Counter 

10 B(n, a) reaction 
i 1 

Boron plastic ' I Hurst counting tube 
or 6Li(n,a) reaction scintillator with 1 

I 
in counting tubes, 1 6.3 cm polythene Skjoldebrand scintilla- 
ionization chambers, ) moderator sphere , I I tion counter L 
or scintillation 
counters Long counter with BF3 counting tube moved 

back and a polythene plate 

Tissue-equivalent ionization chamber 

10 B(n,a) reaction 
or 6Li(n,a) reaction 
in counting tubes, 
ionization chambers, 
or scintillation 
counters 

I I 
1 Boron plastic I 

I 
1 

I I 
Dennis and Loosemore 

/ ~~~n~~'~~o~h~~~h i , counting tube 

1 moderator sphere i 
I I I 

Difference method Double-moderator 
dosimeter 

- 
BF counting tube with a polythene moderator and an internal 
bo on 2 absorber (Andersson and Braun) 

6 LiI crystal with a 10 inch polythene moderator sphere 
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Table 2. 

Tabelle 2 Sphere 

%::g:: 
diameter 

Kugeldurchmesser 
in eV 2* 2 l/4" 2 l/2" 2 3/4" .3" 3 l/4" 

1.0 * 1o-2 
1,6 - lO-2 
2,5 * 1o-2 
4.0 * 1o-2 
6,3 * 1O-2 
1,o * 10-l 
1,6 ' 10-l 
2.5 - 
4.0 * 
6,3 - 

10:; loel 
loo 

1,o * loo 
1,6 * 
2,5 * 
4.0 

loo lo* 
' 

6.3 
loo 

- 10. 
1; 0 * 10; 
1.6 - 10, 
2,5 * 
4.0 * 10; lo1 
6,3 * lo2 
1,o * lo2 
1,6 - lo2 
2,5 * lo2 
4,0* lo2 
6,3 l lo3 
1,o ' lo3 
1,6 ' 
2,5 

lo3 
* 

4.0 * 
6,3 - 

lo3 lo3 

1.0 l 

lo4 

1,6 * 
lo4 

2.5 
lo4 

* 
4.0 

IO4 
* 

6,3 
lo4 

* lo5 
1,o * LO5 
1,6 * 
2,5 

lo5 
* 

4,0 * 
6,3 ' 

lo5 105 
lo6 

1,o * lo6 
1.6 ' 
2,5 

lJ6 
* 

4,0 
lo6 

* 
6,3 

lo6 
' 

1,o 
10, 

' 10 

4.07 4.04 3, 96 3, 84 3, 70 3, 53 
4, 26 4.21 4.10 3, 96 3,79 3, 60 
4.47 4, 36 4. 23 4.08 3,92 3, 74 
4.64 4. 53 4.40 4. 25 4.09 3, 91 
4. 78 4.70 4.58 4.45 4. 29 4,12 
4. 90 4,85 4, 76 4.64 4.49 4, 32 
4.9s 4, 97 4, 92 4.82 4,69 4, 53 
5,05 5.09 5,07 5, 00 4.89 4, 74 
5, 10 5, 20 5, 22 5, 18 5, 09 4, 95 
5,14 5, 30 5,37 5, 36 5, 29 5,17 
5.15 5, 37 5,49 5, 53 5.49 5, 39 
5,14 5.44 5,62 5, 70 5.69 5,61 
5,11 5,49 5, 73 5,86 5.89 5, 84 
5, 04 5, 51 5, a3 6,02 6, 09 6,07 
4, 90 5, 50 5.91 6, 17 6, 29 6,30 
4,70 5,44 5, 97 6.31 6,49 6, 54 
4.48 5, 37 6,02 6,44 6,69 6, 78 
4.28 5, 32 6,07 6, 58 6.89 7.02 
4,07 5, 25 6,12 6, 72 7, 08 7, 25 
3.88 5, 20 6,17 6, a4 7, 26 7.47 d 
.3, 71 5,13 6,19 6.93 7.40 7. 65 
3, 54 5,06 6, 19 7, 00 7, 52 7. 81 
3.38 4.9s 6,16 7.02 7, 59 7, 92 
3, 22 4.84 6,08 6, 98 7,60 7, 98 
3.06 4.69 5, 96 6, SO 7, 56 7, 99 
2,90 4, 52 5, 80 6, 77 7.48 7, 96 
2,73 4,33 5,62 6,62 7.37 7, 90 
2, 57 4.14 5,42 6.45 7, 24 7, 82 
2,41 3, 93 5, 21 8, 25 7, 08 7, 71 
2, 25 3, 72 4, 98 6,03 6, 90 7, 59 
2,08 3,49 4, 73 5,ao 6,70 7.44 
1, 92 3, 26 4.47 5, 54 6.48 7, 27 
1.76 3.02 4.19 5, 27 6, 24 7, 08 
1,60 2, 75 3,88 4. 96 5, 95 6.85 
1,44 2,49 3, 56 4.62 5,64 6, 58 
1,27 2, 20 3, 22 4, 26 5, 30 6. 29 
1,11 1,90 2, 84 3,85 4, so 5, 93 
0, 95 I, 58 2,41 3,38 4.42 5, 48 
0, 78 1, 22 1,92 2,81 3,82 4.89 
0.63 0, 91 1,47 2, 24 3, 16 4.17 
0,46 0.64 1, 08 1, 72 2, 50 3, 38 
0, 30 0,42 0,75 1, 23 1, a4 2, 54 
0, 16 0, 21 0.42 0, 76 1. 20 1, 72 
0,08 0,17 0, 20 0,42 0,73 1,lO 
0, 07 0,lO 0, 18 0, 29 0,46 0.80 
0, 06 0.09 0,15 0, 23 0, 33 0,46 
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T 

-. 

a b 1 e 2. (Continued) 

Tabelle 2 (Fortsetzung) 
Sphere 

Kug%i%%tmee~ser 
in eV 3 l/2" 3 314" 4" 4 l/4" 4 l/2" 

1.0 * 1o-2 
1,6 * 
2,5 - 

10:; 

4,o - 
10m2 

6, 3 - 
1oq2 

1.0 * 
10el 

1.6 * 
loel 

2,5 * 
10ml 

4,0 - 
loml 

6,3 * 
loml 
loo 

l,o * loo 
1.6 * loo 
2.5' loo 
4,0 - 
6,3 * 

loo 

1.0 * 
lo1 

1.6 ’ 
lo1 

2.5 - 
lo1 

4.0 * 
lo1 

6,3 * 
lo1 

1.0 - 
lo2 

1.6 ’ 
lo2 

2,5 * 
lo2 

4.0 * 
6,3 - 

lo2 lo2 

1.0 * 
lo3 

1.6 ’ 
lo3 

2.5 * 
lo3 

4,0 * 
lo3 

6.3 - 
lo3 

1.0 * 
lo4 

1.6 * 
lo4 

2,5 * 
lo4 
lo4 

4.0' lo4 
6,3 ’ lo5 
1,o * lo5 
1.6 - 
2,5 * 

lo5 

4.0 * 
lo5 

6,3 * 
lo5 
106 

1,o * lo6 
1.6 * 
2,5 * 

lo6 

4.0 * 
lo6 

6,3 * 
lo6 

1.0’ 
lo7 
10 

3,34 3,14 2,94 2.72 2.51 
3,40 3,19 2. 98 2, 76 2, 54 
3,56 3,37 3.17 2.97 2.77 
3.73 3.53 3,34 3.13 2,93 
3,93 3,73 3,53 3.32 3.11 
4.13 3.94 3,73 3, 51 3.29 
4.35 4.15 3.93 3,71 3.48 
4.56 4.36 4.14 3.92 3,68 
4.78 4.58 4,37 4.13 3.89 
5,Ol 4.81 4.59 4.36 4.11 
5, 24 5, 06 4.84 4.60 4.35 
5.48 5.30 5.09 4,85 4.59 
5.72 5, 54 5,33 5, 08 4.81 
5.97 5.81 5.60 5.35 5.08 
6,22 6,07 5.86 5.61 5,33 
6,49 6.35 6,14 5.88 5,56 
6,76 6,63 6,42 6.15 5.85 
7.02 6, so 6.69 6.42 6, 10 
7,27 7.17 6,96 6,68 6,35 
7.52 7.42 I,22 6,94 6,60 
7.72 7.64 7.45 7,17 6.83 
7.91 7.85 7.67 7.40 7, 06 
a,06 8,03 7,88 7.63 7,30 
8.16 8.17 8.05 T.83 7,52 
8,21 8.27 8.20 8, 01 7, 74 
8.24 8.35 8.32 8.18 I, 95 
8, 24 8.41 8.44 8,35 8,17 
8,22 8,45 8.55 8,51 8.38 
8,17 8.47 8.62 8,65 8; 57 
8. 11 8.47 8,70 8.79 8,77 
8.02 8.46 8.75 8.91 8.95 
7.92 8,43 a, 79 9.03 9,13 
7.80 8.37 8.81 9.12 9,30 
7.63 8.28 8.81 9, 19 9.45 
7.43 8.16 8.77 9, 24 9, 58 
7.20 8, 01 8.71 9.27 9.70 
6.91 7,81 8.60 9, 26 9,79 
6.52 7, 50 8,38 9.15 9,79 
5, 97 7.01 7.99 8, a7 9,64 
5,22 6,2R 7.30 8.26 9,14 
4.32 5,29 6.26 7.19 8.07 
3,29 4,09 4,89 5.69 6,46 
2, 31 2.93 3.58 4.24 4, so 
1,53 1,99 2.47 2.97 3.47 
1,20 1,64 2,lO 2.58 3,m 
0,62 0,81 1,02 1, 26 1, 52 
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T a b 1 e 2 (Continued) 
Tabelle 2 (Fortsetzung) Sphere 

Energy diameter 
Energie Kugeldurchmesser 

in eV 4 314” 5” 5 l/4” 5 l/2’ 5 314” 
l,o * l,o * 1o-2 1o-2 
1,6 * 1,6 * 1O-2 1O-2 
2, 5 - 2, 5 - 4,0 * 4,0 * 

6,3 - 6,3 - 

1oe2 10:; 1oe2 10:; 

1,o * 1,o * 
10ml 10ml 

1,6 - 1,6 - loml loml 
2,5 * 2,5 * 10ml 10ml 

4,0 * 4,0 * 
6,3 - 6,3 - 

lovl lOa lovl lOa 
loo loo 

1,o * loo 1,o * loo 
1,6 * loo 1,6 * loo 
2,5 l 2,5 l 4,0 * 4,0 * 

6,3 - 6,3 - 

loo loo loo loo 

lo1 lo1 
l,o * lo1 l,o * lo1 
1,6 ’ 1,6 ’ 2,5 - 2,5 - lo1 lo1 
4.0 * 4.0 * 

6,3 * 6,3 * 

lo1 lo1 lo1 lo1 

lo2 lo2 
l,o * lo2 l,o * lo2 
1,6 * 1,6 * 2,5 * 2,5 * lo2 lo2 
4.0 - 4.0 - lo2 lo2 
6,3 * 6,3 * lo3 lo2 lo3 lo2 

l,o * lo3 l,o * lo3 
1,6 * 1,6 * 
2,5 * 2,5 * 
4.0 ’ 4.0 ’ 

lo3 lo3 lo3 lo3 
6,3 - 6,3 - lo4 lo3 lo4 lo3 

l,o * lo4 l,o * lo4 
1,6 ’ 1,6 ’ 
2,5 * 2,5 * 

lo4 lo4 
4,0 - 4,0 - 

6.3 * 6.3 * 

lo4 lo4 lo4 lo4 

lo5 lo5 
l,o * lo5 l,o * lo5 
1,6 * 1,6 * 2,5 ’ 2,5 ’ lo5 lo5 
4,0 * 4,0 * lo5 lo5 
6,3 * 6,3 * 

1.0 * 1.0 * 

lo6 lo5 lo6 lo5 

1,6 ’ 1,6 ’ 
lo6 lo6 

2,5 ’ 2,5 ’ 
lo6 lo6 

4,0 - 4,0 - 
106 106 

6,3 * 6,3 * 
lo6 lo6 

1,O’ 1,O’ 
lo7 lo7 
10 10 

2, 30 2,09 
2.33 2,13 
2, 58 2, 38 
2, 73 2, 53 
2, 90 2.69 
3,0a 2,86 
3, 26 3,03 
3,45 3, 21 
3,65 3,40 
3,86 3,60 
4.09 3, a2 
4.32 4.04 
4. 53 4.24 
4.79 4.49 
5,02 4.71 
5, 26 4. 93 
5, 51 5,16 
5,75 5. 38 
5, 99 5,60 
6,22 5.82 
6,45 6.04 
6,67 6. 26 
6, 92 6, 51 
7,16 6, 76 
7,40 7, 02 
7.65 7. 29 
7, so 7.57 
8, 15 7.86 
a, 40 a. 14 
8, 64 8,43 
a, 88 8.71 
9,12 9.00 
9,35 9, 28 
9, 57 9, 57 
9, 78 9.85 
9, 99 10,14 

lb, ia 10.42 
10,30 10.65 
lo,27 10.77 

9, 92 10, 58 
8, a9 9,62 
7, 20 7.89 
5, 55 6,17 
3, 97 4.46 
3,51 3.95 
1, a0 2,09 

1,89 
1,94 
2,19 
2, 34 
2,49 
2,65 
2.81 
2, 98 
3,16 
3,35 
3, 56 
3,76 
3.95 
4.19 
4.39 
4,59 
4.80 
5.01 
5, 21 
5,41 
5, 62 
5, 83 
6,08 
6,34 
6.61 
6,89 
7.19 
7, 51 
7.82 
8, 14 
8,‘45 
a,78 
9,ll 
9.45 
9.80 

lo,16 
lo,52 
10,86 
11,12 
11.12 
lo,26 
8, 53 
6,76 
4,94 
4,37 
2, 39 

1,70 1, 52 
1,75 1, 58 
2, 00 1,83 
2,15 1, 96 
2, 29 2.10 
2,44 2, 24 
2, 59 2, 39 
2, 75 2, 54 . 
2, 92 2, 70 
3,lO 2,86 
3, 30 3,05 
3.49 3, 23 
3,67 3,39 
3, a9 3,60 
4.08 3.77 A 
4, 26 3, 94 
4.45 4.11 
4, 64 4, 28 
4.82 4.45 
5, 01 4.62 
5. 21 4. 80 
$41 4. 99 
5, 65 5, 23 
5,Sl 5, 48 
6, 18 5, 75 
6,47 6,04 
6, 78 6, 35 
7.11 6, 69 
7.44 I, 02 
7, 78 7, 38 
8, 12 7, 73 
8.48, 8.11 
8,84 8,49 
9, 22 8, SO 
9, 62 9, 34 

10,04 9, 81 
10,49 lo,32 
10,93 10,86 
11,33 11,41 
11,54 11,83 
lo,81 11,25 

9,lO 9,61 
7, 32 7,85 
5.39 5,83 
4, 76 5,12 
2, 70 3,02 

-_- _---- .- 
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Table 2 (Continued) 

Tabelle 2 (Fortsetzung) 
Energy 
Energie 

in eV 6" 

Sphere 
Kugdei&?St~&ser 

6 l/4" 8 l/2" 6 3/4. 7" 
1.0 * lo-2 1.0 * lo-2 
1,6 * 1O-2 1,6 * 1O-2 
2.5 - 1O-2 2.5 - 1O-2 
4.0 - 1o-2 4.0 - 1o-2 
6.3 - lo-? 6.3 - lo-? 

1.35 1.20 x,05 0, 93 
1.42 1.27 1.13 1.01 
1.66 1,50 1,34 1,20 
1.79 1,62 1.47 1,32 
1,92 1.75 1,59 1.43 
2,06 1.88 1,71 1,55 
2.19 2.00 1,83 1.66 
2,33 2,13 1.95 1.78 
2.48 2, 28 2.09 1,Sl 
2,64 2,42 2,22 2.04 
2. ai 2, 58 2.37 2.17 
2.98 2.74 2.51 2,31 
3.13 2.88 2,64 2.42 
3,32 3.05 2,80 2.57 
3,48 3,?0 2.94 2.69 
3.63 3.33 3,06 2, ai 
3.78 3.48 3,19 2,93 
3.93 3,61 3,32 3,04 
4,09 3.75 3.44 3.16 
4.25 3,90 3.58 3,28 
4.42 4.06 3.72 3.42 
4,60 4.22 3.88 3, 56 
4. a2 4.43 4.07 3,73 
5,06 4,66 4.28 3,93 
5,32 4.91 4,51 4.14 
5.61 5.18 4.76 4.37 
5.91 5/47 5.03 4.61 
6,24 5.79 5,33 4,aa 
6, 58 6,ll 5.64 5,17 
6,93 6.46 5,97 5.48 
7. 29 6.31 6.31 5.80 
7,68 7.20 6,68 6,15 
8.07 7.59 7,07 6,53 
8.50 8.03 7, 51 6.96 
8,97 8.52 a. 01 7.46 
9.48 9,06 8,57 8,02 

10,04 9,67 9,20 8.67 
10,66 10.36 9,95 9,47 
11,35 11,17 10.88 10.51 
12.00 12.04 ii,98 11,82 
11.59 11.83 ii, 98 12,03 
10,05 10.42 10.72 lo,96 
8.33 8,76 9.15 9,50 
6,25 ,6,65 7.02 7,37 

-5.45 5.75 ii,02 6.25 
3.33 3,64 3.93 4. 21 

0,81 
0.90 
1,08 
1,19 
1.29 ( 
1,40 
1, 51 
1.62 
1,74 
1.86 
1.99 
2,ll 
2.22 
2,36 
2.47 
2, 58 
2,69 
2.80 
2, 91 
3.02 
3.14 
3.27 
3.43 
3.60 
3.79 
3.99 
4.20 
4.45 
4.71 
4.99 
5. 28 
5.62 
5.97 
6.38 
6.87 
7.43 
8.10 
a, 93 

lo,06 
11,57 
11,93 
11.13 ' 

9,80 
7,70 
6,46 
4.48 
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T a b 1 e 2 (Continued) 

Tabelle 2 (Fortsetzung) Sphere 

II0 - 1,6 . 

2, 5 

low1 10:; 

* 4.0 1O-1 - 

6,3 - 10el loo 
1,o * loo 
1.6 ’ 
2,5 

loo 
- 

4.0 * 
6,3 

loo loo 
- lo1 

l,o * lo1 
1.6 * 10. 
2; 5 - 10; 
4.0 * 10, 
6,3 * 
1,o - 

10; 

1.6 
lo2 

- 
2,5 * 

lo2 
4,0 - 

6,3 * 

lo2 lo2 

1.0 * 
lo3 

1.6 - 
lo3 

2,5 
lo3 

* 
4.0 

lo3 
’ 

6,3 
lo3 

- 
1.0 * 

lo4 

1,6 * 
lo4 

2.5 * 

4.0 * 

lo4 lo4 

lo4 
6,3 ’ lo5 
l,o * lo5 
1.6 l 2,5 * lo5 
4.0 * 

6,3 

lo5 lo5 

* 
1.0 

lo6 
* 

1.6 
lo6 

* 
2,s 

lo6 
- 

4,0 * 
lo6 

6,3 
lo6 

* 
1.0 

107 
- 10 

- 

Kugde&%%k-%ser 
7 l/4” 7 l/2” 7 314” 8” 8 l/4” 
0, 71 
0,ai 
0,96 
1,06 
1,17 
1, 27 
1, 37 
1.48 
1,59 
1.71 
1,82 
1,93 
2,04 
2,16 
2, 27 
2,37 
2,47 
2, 57 
2. 68 
2. 78 
2, 90 
3,02 
3,15 
3, 30 
3.47 
3. 64 
3.82 
4.04 
4. 27 
4. 51 

’ 4,78 
5,08 
5,41 
5. 79 
6, 27 
6,82 
7,49 
8, 35 
9, 55 

11,24 
11,88 
ll,i4 
10.06 
8.00 
6,63 
4. 72 

0, 62 
0,72 
0.55 
0, 95 
1,05 
1,15 
1,25 
1,35 
1,46 
1, 56 
1,67 
1,77 
1,87 
1,98 
2.08 
2, ia 
2, 28 
2,37 
2,47 
2, 57 
2, 68 
2, 78 
2, 91 
3, 03 
3,17 
3, 32 
3.47 
3, 65 

- 3,84 
4.06 
4, 29 
4, 56 
4,87 
5, 22 
5.68 
6, 20 
6,87 
7.75 
9.00 

lo,85 
11,69 
11,30 
lo,28 
8, 29 
6.79 
4.94 

0, 54 
0, 64 
0.75 
0.85 
0, 94 
1,04 
1.13 
1.23 
1,33 
1,43 
1,53 
1.62 
1,72 
1,82 
1,91 
2,Ol 
K-10 
2.19 
2, 29 
2, 38 
2,48 
2, 58 
2,68 
2, 79 
i, 90 
3,02 
3, 14 
3, 29 
3.45 
3.63 
3, a3 
4.07 
4, 35 
4,67 
5,lO 
5, 60 
6, 25 
7, 14 
8,44 

lo,42 
11,45 
11,31 
10,45 
8, 56 
6, 93 
5,14 

0, 48 
0, 58 
0,67 
0, 76 
0,85 
0,94 
1,03 
1.12 
1,22 
1.31 
1.40 
1,49 
1, 58 
1,67 
1, 76 
1.85 
1,94 
2,03 
2.12 
2, 21 
2, 30 
2,39 
2,48 
2, 57 
2,66 
2, 75 
2, 84 
2, 96 
3,os 
3. 24 
3,41 
3, 62 
3,86 
4,15 
4,55 
5, 03 
5, 66 
6, 54 
7.87 
9, 95 

11,16 
11,27 
10,ss 
8, 81 
7,05 
5, 30 

0, 43 
0. 52 
0.60 
0.68 
0.77 
0,85 
0.94 
1,02 
1.12 
1.20 
1,29 
1,37 
1,45 
1,54 
1, 62 
1,71 
I,80 
1.88 
1,97 
2,05 
2, 14 
2, 22 
2, 30 
2, 37 
2, 44 
2,51 
2, 57 
2, 66 
2, 76 
2, as 
3.03 
3,21 
3.42 
3,68 
4.05 
4, 50 
5jll 
5: 97 
7.31 
9, 46 

lo,83 
11,lS 
lo,69 

9,04 . 
7,16 
5,44 

E,s”,~@  
in eV 

1.0 * 10-2 
1,6 - 1O-2 
2,s * 10-2 
4.0 - 1o-2 
6.3 * 10-2 
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T a b 1 e 2 (Continued) 

Tabelle 2. (Fortsetzung) Sphere 

lFfSt$fi#y diameter 
Kugeldurchmesser 

in eV 8 l/2* a 3/4” 9" 9 1/4w 9 l/2” 
-2 1,o * 1ov2 

1.6 * 
2,5 

10m2 
- 

4,0 - 
6.3 - 

1om2 1oe2 

l,o 
10el 

- 
1.6 * 

losl 

2,5 * 
10sl 

4,0 * 
6,3 * 

10el loel 

1.0 * 
loo 

1,6 
loo 

* 
2,5 - 

loo 
4.0 ’ 

6,3 * 

loo loo 

1.0 
lo1 

* 1.6 * 

2.5 

lo1 lo1 

- 
4,0 - 
6,3 

lo1 lo1 
’ lo2 

l,o ’ lo2 
1,6 * lo2 
2,s * lo2 
4.0 - 
6,3 * 

lo2 
lo3 

l,o * lo3 
1,6 - 
2, 5 

lo3 

4,0 
* lo3 
* 

6,3 
lo3 

* lo4 
l,o * lo4 
1,6 * 
2,5 

lo4 
l lo4 

4,o * lo4 
6,3 - 
1,o 

lo5 
- 

1,6 ’ 
lo5 

2.5 - 
lo5 

4.0 
lo5 

- 
6,3 

105 
* 

100 
lo6 

- 
1,6 

lo6 

2,5 
* lo6 
- 

4.0 - 
lo6 

6,3 ’ 
lo6 

1.0 
lo7 

- 10 

0. 38 ‘ 0,35 0.32 
0,48 0.44 0,40 
0, 53 0,4a 0,44 
0,61 0,56 0, 51 
0.69 0,63 0, 58 
0,77 0.71 0,65 
0,86 0,78 0, 72 
0, 94 0.86 0,79 
1,03 0,94 0,87 
1.10 1,02 0, 93 
1.18 1,09 l,oo 
1,26 1,16 1,06 
1, 34 1, 24 1,14 
1.41 1,30 1,20 
1,49 i,3a 1,27 
I, 58 1,46 1,35 
1,66 1,54 1,ti 
1.75 1,62 1, 50 
I, a3 1,70 1,57 
1,91 1,77 1,64 
1,99 1,85 1,71 
2, 06 1891 1,77 
2.19 1.97 ’ 1,82 
2,19 2,02 1,86 
2, 24 2,06 I, as 
2, 29 2,lO 1,92 
2, 33 2,12 1,94 
2,40 2,17 1.98 
2, 48 2, 23 2,02 
2, 58 2,31 2,08 
2,69 2.41 2,17 
2,85 2. 54 2, 28 
3,03 2. 70 2.43 
3, 26 2, 91 2.62 
3.60 3,21 2. so 
4,02 3,61 3,26 
4. 60 4.16 3,79 
5,45 4.98 4.58 
6, 79 6, 30 5.86 
8.96 8.47 8.00 

10,47 lo,08 9, 69 
11,08 10,93 ~0.76 
10.76 lo,80 lo,80 

9, 26 9,46 9.64 
7.26 7, 36 7.47 
5. 54 5, 62 5, 67 

0, 30 0. 26 
0,37 0, 34 
0.40 0, 323 
0,47 0.44 
0, 53 0.49 
0,60 0, 55 
0,66 0.61 
0.73 0,E’i 
0.80 0.74 
0.86 0,79 
0.92 0.85 
0.98 0, so 
1,05 0.96 
1,lO 1,Ol 
1.17 1.07 
1,24 1,14 
1,31 1,19 
I, 38 1, 26 
1.44 1, 32 
1,51 1,33 
1, 57 1,43 
1.63 1.48 
1.68 1, 53 
1,71 1,57 
1,74 1,59 
1,76 1, 62 
1.78 1, 64 
1.81 1,67 
1,84 1,70 
1,90 1,76 
1, 98 1,84 
2,09 1,94 
2, 22 2, 07 
2,39 2, 23 
2,65 2,46 
2,ss 2, 79 
3.49 3,26 
4. 24 3,97 
5,47 5,lS 
7.54 7.12 
9, 28 8,8X 

10.57 10,39 
10.78 10,72 

9,81 9,95 
7.57 7,6I! 
5.69 5, fi9 
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T a b 1 e 2 (Continued) 

Tabelle 2 (Fortsetzung) Sphere 
i!!?e~~!Zy Kud,&%%k%sser 

in eV 9 3/4’ 10” 10 l/4” 10 l/2” 10 3/4” 
1.0 - 
1.6 

1om2 -2 
- 2.5 10s2 - 

4.0 - 1os2 1os2 
6.3 * 10 . 
1.0 1.0 - - 1.6 1.6 - - 

2, 5 2, 5 * * 

10el 10:; 10el 10:; 

4,0 4,0 * * 
6.3 6.3 * * 

10ml low1 10ml low1 

1,o 1,o - - 
loo loo 

1.6 1.6 
loo loo 

* * 
2.5 2.5 

loo loo 
- - 

4.0 4.0 
loo loo 

* * 
6.3 6.3 

loo loo 
- - 10. 10. 

1.0 * 
1.6 

10; 
- 

2,5 
lo1 

- 
4.0 

lo1 
- 

6.3 ’ 
lo1 
lo2 

l,o * lo2 
1,6 * 
2,5 

lo2 
* 

4.0 
lo2 

* 
6,3 

lo2 
- 

1.0 
lo3 

’ 
1.6 

lo3 
- 

2,5 
lo3 

- 
4.0 

lo3 
* 

6.3 
lo3 

- 
1,o 

lo4 
- 

1.6 
lo4 

- 
2. 5 

lo4 
- 

4.0 
lo4 

* 
6. 3 

lo4 
- 

1,o 
lo5 

1,6 
* lo5 
- 

2.5 * 
lo5 

4.0 - 
lo5 

6, 3 
lo5 

- lo6 
l,o * lo6 
1.6 * 
2.5 

IO6 
* 

4.0 
106 

* 
6,3 

lo6 
- 

1.0 
107 

- 10 

0,27 0, 26 
0,32 0,30 
0, 36 0.34 
0,41 0, 39 
0.46 0,43 
0, 51 0.48 
0. 56 0. 52 
0.62 0, 57 
0,68 0,62 
0, 72 0.66 
0, 78 0,71 
0, 82 0,75 
0,88 0.80 
0,92 0.84 
0,97 0,88 
1.03 0.93 
1,08 0,97 
1,14 1,02 
1,lS 1.06 
1,24 1,lO 
1,29 1,15 
1,34 1,19 
1,39 1. 24 
1,42 1, 28 
1,45 1.32 
1,49 1,37 
1. 52 ?,41 
1, 56 1,46 
1.59 1,so 

) 1,66 1, 58 
1,74 1,67 
1,84 1.78 
1.97 1,Sl 
2,13 2,08 
2,35 2, 28 
2, 65 2, 57 
3. 10 3,00 
3,77 3,63 
4.88 4.66 
6, 72 6, 36 
8,4? 8,10 

10,ll 9,85 
lo,64 lo,52 
10,07 lo,16 
7,80 7.93 
5,68 5.65 

0,25 0.25 
0, 28 0, 26 
0.33 0, 32 
0,37 0, 36 
0.41 0, 38 
0,45 0.42 
0.48 0.44 
0, 52 0.48 
0,57 0, 52 
0,60 0, 54 
0. 65 0, 58 
0.68 0,61 
0. 72 0,65 
0. 76 0.68 
0.79 0,70 
0. a3 - 0.73 
OI86 - 
0,90 
0,93 
0,96 
1.00 
1.04 
1;os 
J? 14 
1.19 . . . 
1, 25 
1,31 
1, 38 
1,43 
1. 52 
1.63 
1.75 
1.88 
2,06 
2, 25 
2, 53 
2. 94 
3, 53 
4,48 
6.02 
7, 72 
9.57 

10.37 
10.22 

8,07 
5. 62 

0.75 
0.78 
0,80 
0,82 
0.86 
0,89 
0, 95 
1,oo 
1,06 
1.14 
1,22 
1,30 
1,36 
1.48 
1,59 
1, 72 
1.87 
2.06 
2, 24 
2.51 
2.91 
3,45 
4. 32 
5,71 
7,35 
9, 26 

10,19 
lo,24 

8, 22 
5,60 

0, 24 
0, 25 
0,31 
0,34 
0, 36 
0, 39 
0.41 
0,44 
0.47 
0.49 
0. 52 
0,55 
0, 57 
0.60 
0.61 
0. G3 
0.64 
0.66 
0.67 
0.68 
0, 72 
0, 74 
0.80 
0.86 
0,93 
1,03 
1,12 
1,22 
1,30 
1,42 
1.55 
1,70 
1.85 
2.05 
2. 23 
2.49 
2.87 
3,37 
4,16 
5,39 
6, 98 
8, 92 
9, 96 

10.21 
8,38 
5, 59 
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T a b 1 e 2 (Continued) 

Tabelle 2 (Fortsetzung) 

E&::gg 
in eV 11" 

l,O* lo-2 
1‘6 . lo-' 
2.5 - 10-Z 
4.0 - bY2 
6.3 - lO‘2 
1.0 * 10-l 
1,6 * 10-l 
2.5 * 10-l 
4,0 l 

6,3 * 
10:; 

1,o - 
loo 

1.6 * 
2,5 l 

loo 100 

4,0 l 

6,3 l 

loo loo 

1.0 * 
lOI 

1,6 ' 10, 101 

2.5 - 10; 
4.0 * 101 
6.3 * lo2 
l,o * 102 
1,6 . 102 
2.5 - lo2 
4.0 * lo2 
6,3 - lo3 
1,o - lo3 
1,6 * 103 
2,5 * lo3 
4,o. lo3 
6,3 * lo4 
1,o * lo4 
1,6 * lo4 
2,s' lo4 
4.0' lo4 
6,3 ' 105 
1,O' 105 
1.6 - IO5 
2.5 l los 

4.0 * 105 
6.3 * lo6 
1.0 l log 

1.6 * 106 
2,5 ' 106 
4.0 - lOti 
6,3 l lo7 

1,O' 10 

0, 23 
0, 27 
0, 30 
0, 33 
0.34 
0, 37 
0.38 
0.40 
0.42 
0.43 
0.46 
0.48 
0,50 
0, 52 

.0,53 
0, 54 
0, 54 
0, 55 
0, 55 
0.56 
0.58 
0,61 
0,67 
0.73 
0,81 
0.92 
1.02 
1,13 
1.22 
1.35 
1.49 
1, 64 
1,80 
2,00 
2,18 
2,43 
2, 78 
3, 25 
3.96 
5,0? 
6,60 
8.54 
9,69 

10,12 
8, 55 
$62 

0.22 
0. 25 
0. 28 
0,31 
0.32 
0.34 
0.34 
0.36 
0.37 
0.38 
0,41 
0.42 
0,44 
0,45 
0,45 
0,45 
0,45 
0,45 
0,45 
0,45 
0.47 
0,49 
0,55 
0.62 
0,69 
0,80 
0.91 
1.02 
1,ll 
1.25 
1.38 
1,53 
I,69 
1.89 
2,06 
2.30 
2,62 
3.04 
3, 70 
4.72 
6, 21 
8.11 
9,36 
9, 97 
8.72 
5.68 

0, 21 0, 20 0, 18 
0. 23 0,22 0,19 
0. 26 0‘24 0,20 
0, 29 0, 25 0,21 
0,29 0, 26 0,22 
0,31 0, 27 0,23 
0,31 0, 27 0,24 
0,32 0,29 0,25 
0,33 0, 29 0, 26 
0. 34 0, 29 0,26 
0.36 0,31 0, 27 
0,36 0.32 0.28 
0.36 0,33 0.29 
0,3? 0,34 0.30 
0. 37 0,34 0,31 
0, 37 0. 34 0,32 
0, 38 0.34 0.33 
0,38 0,34 0,34 
0.38 0.34 0.35 
0,38 Y 0,34 0.36 
0.39 0.35 0.37 
0,41 0.37 0.39 
0,46 0,4x 0.41 
0.52 0.45 0.42 
0, 59 0, 50 0,43 
0,69 0, 57 0,4s 
0.78 0.63 0.46 
0.88 0.71 .0,48 
0,97 0.77 0,49 
1.09 0.84 0, 50 
1,21 .0.93 0, 52 
1,34 1,02 0,55 
1.48 1,13 0,60 
1,66 1,2? 0,68 
1.82 I,41 0,?8 
2.04 1.60 0,92 
2.33 2,85 1.11 
2.71 2, 18 1,40 
3,31 2.75 1.96 
4.30 3.78 3.13 
5,?8 5.30 4.75 
?,62 7.05 6.38 
8,9? 8,50 7.95 
9,?3 9,40 8,95 
8,89 9,053 9.19 
5,80 6,00 6, 30 

~-_. -l_-_._-_._l~,;._ll-.-- 
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T a b 1 e 3. Sphere procedure for measuring 

Tabelle 3 neutron flux density 
Kugel-Verfahrenzur Messung derh'eutronenfluadichte 

Energie in eV 2 Relative Zahlrate pro Einheitsflu9dichte 

1 
3-Kugel-Verfahren S-Kugel-Verfahren 

4 
1.0 - lo-z 
1.6 * 1o-2 2.5. -2 
4.0 - lC2 10 
6,3 * 
1.0 l 

10:; 

1,6 * loml 10-l 
2,s l lO-1 
4,0 - 
6,3 - 

loel 
loo 

l,O- loo 
1,6 * 
2,s - 

loo 
4,0 - loo 
6.3 - 

l,o l 

lo1 loo 

1,6 l 

101 

2,s. 
lOI 

4,0 l 

6,3 l 

101 lo1 

lo2 
1,O' lo2 
1,6 l lo2 
2,s l lo2 
4.0 l 

6.3 * 
lo2 

10.. 

?,64 a.05 
?,95 8,36 
8,33 8,88 
8,70 9.25 
9.05 9,55 
9,40 9.85 
S,?l 10.1 

10,Ol 10,3: 
10,30 10,5 
10.58 lo,? 
lo,85 10.8 
11,lO 11,cl 
11,33 11.1 
11,53 11,l 
11.65 11,o 
11,?3 10,8 
11,78 lo,6 
11,85 10,4 
11,89 10,2 
11,96 10,l 
12,Ol 9,96 
12,06 9,85 
12,11 9.82 
12,ll 9, 79 
12.08 9.78 

1;o l 10; 12;06 9,82 
1,6 l lo3 11,ss 9,85 
2,5 - lo3 11,92 9, es 
4,0 l lo3 11,80 9, so 
6,3' IO4 11,71 9,94 
1,o - lo4 11,59 9,96 
1,6 l lo4 11,48 9, 99 
2,s l lo4 11,36 10,o 
4.0 - 104 11,23 10,l 
6,3 - 105 11,os 10.0 
1.0. 
1.6 l 105 105 

10,so 10,o 
10,80 10,o 

2,s - 105 10,?2 3,98 
4,O * lo5 10.71 9,8? 
6,3 - lo6 10,92 9.65 
1.0 l lo6 11,38 9,83 
1.6 ' lo6 12.13 10,4 
2,s - lo6 12,16 10,8 
4,0 - lo6 11.73 11,2 
6,3 l lo7 9,82 10,s 
l,o l 10 6.30 6,13 

--__-- - ~--~,,*-_l.-.-_s_.-,.-.e .*m*. .- 

1. Energy in ev 

2. Relative count rate per unit flux density 

3. Three-sphere procedure 

4. Five-sphere procedure 



T a b 1 e 4. Sphere procedure for measuring the 
Tabelle 4 energy dose rate 

Kugel-Verfabren zur Messung der Energiedosisleistung 

Energie in Relative numerische 3, Relative Z&Irate pro EinheitsfluIMichte 

1. @V Werte der Energie- 2-kugel-Verfahren 4-Kugel-Verfahren 
a I dosiskurve Y 5 

l,o l 1o-2 l,o l 1o-2 
1,6 l 1O-2 1,6 l 1O-2 
2,s - 1O-2 2,s - 1O-2 
4,0 l 1o-2 4,0 l 1o-2 
6.3 - 1O-2 6.3 - 1O-2 
l,o l 10-l l,o l 10-l 
1,6 l 10-l 1,6 l 10-l 
2.5 l 10-t 2.5 l 10-t 
410 l 10:; 
6,3 l loo 
1,o l loo 
1,6 ’ loo 
2,5 l loo 
4,O’ loo 
6,3 l lOI 
l,o l lOI 
1,6 * 101 
2,s l 101 
4,0 l 101 
6,3 * lo2 
1,o l lo2 
1,6 l lo2 
2.5 * lo2 
4.0’ lo2 
6,3 l lo3 
l,O* lo3 
1,6 l lo3 
2,5 l lo3 
4.0’ lo3 
6,3 l lo4 
LO * lo4 
1,6 l lo4 
2.5’ lo4 
4,o. lo4 
6,3 l lo5 

1,o * lo5 
1.6 - lo5 
2,s - lo5 
4.0’ lo5 
6.3 - lo6 
l,o l lo6 
la6 - lo6 
2,5 - lo6 
4,0 * lo6 
6,3 - lo? 
1.0. 10 

0.11 0.13 0.12 
0,12 0,13 0,13 
0.12 0.14 0,14 
0,13 0.15 0,14 
0.13 0,15 0,15 
0,14 0,16 0.16 
0,14 0.16 0.16 
0.15 0.17 0.17 
0.16 0.17 0.17 
0,16 0, 17 0.17 
0.17 0.18 0,18 
0,18 0.18 0.18 
0,18 0.19 0.19 
0.18 0,19 0.19 
0, 20 0.19 0,19 
0,20 0,lS 0,19 
0, 21 0,lS 0.19 
0,22 0,18 0.19 
0,23 0,18 0,19 
0,24 0,18 0.19 
0,25 0,18 0,19 
0,25 0,lS 0,19 
0,25 0,lS 0. 20 
0,25 Q,2P 0.21 
0,26 0,21 ‘. 0.21 
0, 26 0,22 0,22 
0, 25 0,23 0,23 
0,22 0.25 0,24 
0,lS 0,26 0,24 
.O, 15 0,2? 0,25 
0.15 0.28 0,26 
0, 17 0.30 0, 28 
0,lS 0,32 0,30 
0, 24 0,35 k 0,32 
0, 30 0,3? 0,34 
0. 39 0,41 0,38 
0, 50 0.46 0,44 
0,65 0, 53 0, 52 
0.87 0,66 0.66 
1,15 0.89 0,93 
1,33 1, 23 1,31 
1,49 1.63 1.79 
1.63 1,96 2,13 
2,12 2.16 2,31 
2, 28 2.08 2,08 
2, 31 1,38 1,40 

-.-w-P ..-X-.,.h<.-rr . ,.-- . . --- 11- .-_- - .-.- --.- -. 

Key: 1. Energy in ev 

2. Relative numerical value of the energy dose curve 

3. Relative count-rate per unit flux density 
4. Two-sphere procedure 

5. Four-sphere procedure 
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Table 5. Sphere procedure for measuring 

Tabelle 5 : the dose-rate equivalent 
Kugel-Verfahren zur Messung des Dosisleistungdiquivalents 

2 3 
Energie in Relative numerische Relative Zmrate pro Einheitsfluhiichte 

eV Werte der Dosis- 3-Kugel-Verfahren 5-Kugel-Verfnhrcn 
Squivalentkurve’ 

1 (biol. Dosiskurve) cl 5. 
1,o 1,o * * 10-2 10-2 
1,6 1,6 ’ ’ 1O-2 1O-2 
2,5 2,5 l l 10-2 10-2 

4,0 4,0 l l 1o-2 1o-2 
6,3 6,3 l l 1O-2 1O-2 
1,o 1,o l l 10-l 10-l 
1,6 1,6 l l 10-l 10-l 
2,5 2,5 l l 10-l 10-l 

4,0 4,0 - - 
6,3 6,3 

10:; 10:; 
l l loo loo 

l,o ’ 1OS l,o ’ 1OS 
1,6 1,6 . . 
2,5 2,5 l l 

loo loo 

4,0 4,0 l l 

loo loo 

6,3 6,3 
1OS 1OS 

* * 10, 10, 
l,o l 10; 
1,6 * 
2,s * 

101 

4,0 
101 

l 

6,3 
lOI 

l lo2 
1,o l lo2 
1,6 * 
2,5 

lo2 
- 

4,0 
lo2 

- 
6,3 * 

lo2 
103 

l,o l lo3 
1,6 ’ 
2,5 - 

lo3 

4,0 l 

lo3 

6,3 
103 

l 

la0 
lo4 

1,6 
l lo4 
. 

2,5 * 
lo4 

4.0 
lo4 

- 
6,3 

104 
- 

1,o 
105 

l 

1,6 l 

105 

2, 5 
105 

* 
4.0 

105 
* 

6,3 * 
lo5 

130 
lo6 

- 
lr6 

lo6 
* 

2, 5 
lo6 

- 
4.0 

lo6 
- 

6,3 
lo6 

* 
1.0 

lo7 
- 10 

0, 36 - 0,03 
0,37 - 0,02 
0, 37 - 0,Ol 
0,38 0,Ol 
0. 39 0.03 
0,39 0,06 
0.40 0,os 
0,41 0,12 
@,42 0,16 
0.42 0,lS 
0,43 0.22 
0,44 0,24 
0,45 0.25 
0,45 0,27 
0,46 0,27 
0,47 0,28 
0,48 0, 26 
0,48 0.28 
0.49 0,28 
0,50 0,28 
0, 50 0,30 
0.49 0.32 
0,48 0, 39 
0,47 0.43 
0.47 0.51 
0,46 0.60 
0.45 0.69 
0.44 0,84 
0.43 0,ss 
0,43 1,16 
0,53 1.37 
0, 75 1,63 
1,05 1,Sl 
1, 52 2.34 
2,15 2,86 
3,12 3,61 
4,30 4,36 
6,00 5, 54 
8, 50 7,41 

11,50 10,55 
13.70 13,23 
14.60 14,84 
15.00 15,79 
15.20 15,21 
15,28 14,29 
15.32 10,21 

0, 20 
0,31 
0.40 
0.47 
0, 51 
0. 55 
0, 57 
0,59 
0,62 
0,62 
0.62 
0.62 
0,60 
0,58 
0, 53 
0.47 
0, 39 
0,33 
0, 26 
0, 20 
0.18 
0,16 
0.18 
0,21 
0,26 
0.35 
0,44 
0, 56 
0.67 
0,88 
I,09 
1,35 
1,66 
2,07 
2, 58 
3,23 
4,ll 
5, 35,” 
7.30 

10, 5 
13,4 
15.6 
16, 7 
16.2 
14,l 
10,o 

Key: 1. Energy in ev 

2. Relative numerical value of the dose 
equivalent curve (biological dose curve) 

3. Relative count rate per unit flux densitjr 

4. Three-sphere procedure 

5. ‘Five-sphere procedure 



Sphere procedure for measuring the 

T a b 1 e 6. dose-rate equivalent according to the 

Tnbelle 6 Kugel-Verfahren zur Messung des w va1ue Of Bond and B%%%%Ltungs~quivalents 
nach QF von BOND und BATEMAN 

a. 
Energie in relative numerische 3, Relative Ztilrate pro EinheitsfluDdichte 

eV Werte der Dosi&iqui- 3-Kugel-Verfahren 5 -Kugel-Verfahren 
valentkurve mit QF . k 5. 

1 nach BOND und 

1.0 * 10-2 
1,6 * 1O-2 
2.5’ 
4,0 - 
6.3 l 

10:; 1oe2 

1.0 l 

10ml 

1,6 . 
2, 5 * 

10-l 10ml 

4,0 - 
10-l 

6,3 l 

10ml 
loo 

l,o l loo 
1,6 l 

2,s - 
loo 

4,0 l 

loo 

6,3 l 

loo 

l,o l 

lOI 
10, 

1,6 * 10; 
2,5 * lOI 
4,0 l 101 
6,3 l 102 
1,O’ lo2 
1,6’ lo2 
2,5 l lo2 
4,o. lo2 
6,3 l LO3 
l,o l lo3 
1,6 * lo3 
2,5 * lo3 
4,0 l lo3 
6‘3 l 104 
1,o l lo4 
1.6 * lo4 
2,5’ lo4 
4.0 - lo4 
6,3 l lo5 
l,o l lo5 
1,6 l lo5 
2,5 l lo5 
4.0 * lo5 
6,3 l lo6 

1,o l lo6 
1.6 l lo6 
2,5 l lo6 
4,0 * lo6 
6,3 ’ 10, 
I,0 ’ 10 

~eyr 1. Energy in ev 

0, 36 , 0,18 0,27 
0. 37 0, 25 0,32 
0.37 0, 33 0,41 
0, 38 0,37 0;45 
0, 39 0,40 0,47 
0, 39 0,43 J.49 * 
0.40 0,44 0,49 
0,41 0,44 0, 50 
0.42 0,48 0,51 
0.42 0,49 0, 52 
0,43 0,50 0, 52 
0,44 0.50 0, 52 
0,45 0. 50 0,so 
0,45 0,49 0,49 
0,46 0.47 0,47 
0,47 0.43 0,41 
0,48 0.39 0,35 
0,48 0.35 0.30 
0,49 0,31 0,25 
0,50 0.29 0, 20 
0.50 0,27 0,lS 
0.49 0.27 0,18 
0,48 0, 29 0, 20 
0.47 0,31 0,25 
0.47 0.37 0, 32 
0,46 0,45 0,42 
0,45 0,41 0,52 
0,44 0,61 0.65 
0,43 0,73 0,78 
0.43 0.87 0, 94 
0.53 1.01 1,lO 
0,73 1,18 1,29 
1.05 1,37 1,49 
1,52 1,61 1.73 
2,15 1,92 2.01 
2,40 2, 28 2, 32 
3,22 2,66 2,70 q 
4.00 3, 23 3,18 
4, 50 4.01 3,83 
4,70 5,12 4,69 
4.90 5,68 5, 24 
4.90 5,49 5, 3Q 
4,80 5,06 5.29 
4,65 4,06 4,77 

* 4,50 3,41 4. 23 
3,85 2,49 2.81 

_----- __ _I__--- ..__ - _... -- 

dose equivalent 2. Relative numerical value of the 
curve with the QJ’ value according to Bond and 
Bateman 

3. Relative count rate per unit flux density 

4. Three-sphere procedure 

5. Five-sphere procedure 
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Table 7. 

Source I 
I 

Source II 
I 

Source III 

Energy $ose rate, 
D 

BF, counting tube 1 I I 

Dose-rate 
equivalent, i e 

with a polythene 
moderator and an 23.1 mrem/h 8.0 mrem/h 0.22 mrem/h 

internal boron 
absorber ----------------.w- -I -I ---------------- ---------------- -I ----------------" 

Five-sphere 
procedure 

20.2 mrem/h 8.0 mrem/h 0.33 mrem/h 
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Table 8 

11 l/2” 7” 5" 3 1/2n 2” 

Position 1 788 % 22,7 70 25,8 % 46,8 % 70,3 % 

Position 2 -cl 70 4,8 % 10,6 % .17,9 % 31,o $7 

Position 3 <l 70 132 % 4*3 % 8, 7 % 14,3 70 

Position 4 <1 70 <I, % <1 70 187 % 

I t I 

7,O % 

Table 9 

z x (7" > 

z x (3$“) 

Source I 
Am-Be 

Source II 
Ra-Be in 
beryllium 
cylinder 

Source III 
Sb-Be 

Van de Graaff 
neutrons 

3.70 2 0.15 

2.50 f 0.25 

0.72 + 0.15 

2.78 f 0.10 

g according 
to 

Figure 12 

rc* 2 Mev 

- 850 kev 

d 25 kev 

N 1.1 Mev 

Literature 
value for E, 
or true neutral 
energy E 

E d 4 Mev 

E= 30 kev 

E = 1.02 Mev 

. 
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Figures 

Figure 1. 

Figure 2. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 

Cross-section of the measuring head 

Energy-dependence of the measuring head sensitivity 

Energy-dependence of the Long counter sensitivity 

Approximation of the flat-response curve with the 

five-sphere procedure 

Cross-section and the energy-dependence of the 

sensitivity of the energy dose rate instrument 

Energy dose curve and its approximation by the 

four-sphere procedure 

Energy-depencence of the sensitivity of the dose- 

rate equivalent measuring instrument 

Dose equivalent curve and its approximation by 

the five-sphere procedure 

Dose equivalent curve according to the Q,F value 

of Bond and Bateman and its approximation by the 

five-sphere procedure 

Measuring head and sphere combination 
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Figure 11. 

Figure 12. 

Experimental arrangement for comparison 

measurements 

Ratio Z(7”) 
x(3+ 



. 
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Polythene sphere 
PolyZithyten - Kugel 

Crystal 
Kristalt 

Light guide 
Lichtleiter 

Preamplifier 
Vorverstdrker 

Abb. 1 

igure 1. 
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Abb. 2 

Figure 2. 

Neutronenenergie in eV 
__-. .“.,=a...- I ~..._I__ _,-__- -.--.*sv-..-- .-. '"Nkutron energy -.i.n ev 



Relative sensitivity 
relative Empfindlichkeit 

Neutronenenergie in eV 

I Abb. 3 Neutron energy in ev 
Figure 3 



r-l 
2 ’ 

OJ 

0 
1 

Flat-response approximation 
Flat-reeponee-Approrimation 
0,16* Z(2” ) -0,02.2(3,5’ ) to, 12*Z(5” ) -0.07* Z(7” ) +o, 12*Z(ll. 5’ ) 

Neutron energy f&J-. 

I 
10-l 

I 
loo 

1 
lo' 

I 
lo2 

I 
lo3 

I 
lo4 

Neutronentnergit k 
1 

105 
I 

lo6 
I 

Id 

Abb. 4 / 
Fig&e 4 
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1 ’ 
lo-’ 

Abb. 5 
Figure 5 

I 8 ,111 IEner$y dos'e ' ' ' ' 

Paraff inplatte 

KadmiumDlatte 
Cadmium' pl te 

-r 

Neutronenenergie in MeV 

Neutron energy in Mev 



Approximation of the energy dose curve 

Approximation dir Energfedoeiskul’ve 
0,06.2(3, 5” ) -O,O8.Z(5” )+O, 04.Z(7” )+O, 23.Z(ll. 5” ) 

1,2- 

Q& 

W- 

Entrgitdosiskurvt 

Energy dose curve 

1 
10” 

I 
lo3 

I 
10L 

I 
105 

Ntutronenentrqit Pv] 

lob lo? 
1 Abb. 6 

Figure 6. 
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14 

4 13 
-y$----. 

k”%  
12. 

a -P 11. 

l- 
Abb. 8 

0. 
II 

Figure 8 

Approximation to the dose equivalent curve 
Approximntion der Dosis~quivnlcntkurve 

Dosisiiquivalentkurv 

Dose equivalent 
‘curve 

Neutron energy (ev)\ 
---- ------ Neutronenenergie [ev]: 

I I 
lOA lob 

I 1 
10’ l& 1,5 104 105 lOk . 10) 



Approximation to the dose equivalent curve with QF 
according to Bond and Bateman 

Approximation der Dosisttquivalentkurve mit QF nach Bond und Dateman 

DosisLiquivalentkurv Dosistiquivalentkurv 
mit QF nach mit QF nach 
Bond und Bateman Bond und Bateman 

Dose equivalent cur 
with QF according to 
Dose equivalent curve / 
with QF according to J 
Bond and Bateman 

'<C 
\ 

Neutron energy (ev) 

Neutronenenergie [ev] 
1 

lo5 
1 

lo6 
1 

lo7 

Abb. 9 

Figure 9. 

ul 
cn 
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Figure 10. 
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Figure ll. 

&gy 1. Detector 

2. source 
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The calibration and comparison measurements were carried out 

essentially by Herr Hans Schiiren. We wish to thank Dr. Skorka for 

making it possible to make measuremen,ts on the Van de Graaff 

generator. We are grateful to Herr Bachus for putting an Sb-source 

at our disposal. 
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