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RESPONSE OF ION CHAMBERS AND DOSIMETERS 
TO A PULSED 7500-kVp X-RAY FIELD*'i ~ 

William W. Wadman Ill 

Lawrence Radiation Laboratory 
University o£ California 

Berkeley. California 

December 14, 196S 

ABSTRACT 

Radiation-rate response of two types of ion chambers, and integrated 

dose of four types of dosimeters were measured in a variable, pulsed, 7500-kVp 

~-ray field produced inside the shield of an electron linear accelerator. 

The indications of radiation rate as a function of beam-pulse rate and 

9eam-current rate were measured. 

Radiation doses were integrated with pocket dosimeters, film badges, 

' 
and lithium fluoride thermoluminescent dosimeters while the radiation rate 

indication of the portable radiation-rate meters was being continuously observed. 

Respon\:ie errors of all devices were corrected with correction factors. 

determined in this experiment. The correction factors are known to be valid 

only for the pulse rates, electron energies, and pulse durations used in this 

work. 

'. . . ' .. 
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INTRODUCTION 

It is frequently necessary to use radiation-rate or charge-collecting 

instrumentation in the vicinity of pulsed sources of ionizing radiation. For 

those instances it is necessary to be able to correct for any difference be-

tween the indicated and true radiation rate or field. Various phenomena may 

occur that introduce err·ors in devices which depend upon electrical fields to 

separate charge. With use of the common film dosimeter and the lithium-

fluoride thermoluminescent dosimeters, only the effecti~e energy of the. radi-

ation need be known; .The response errors have been established in this experi-

ment for 7500-kVp X rays, measured inside the shielding.enclosure of the 

accelerator. This experiment showed that these dosimeters can be used in 
1
1J:le 

vicinity of pulsed radiation when the appropriate correction factor is established 

for each. 

METHODS AND APPARATUS 

Electron linear l:tccelerator 

The source of pulsed X rays was the Berkeley electron linear accel-

erator. The electrons were directed onto a tungsten-converter foil to produce 

the desired bremsstrahlung radiation. 
I 

The accelerator has a readily variable pulse -repetition rate ranging 

from 1 to 120 pulses per second. The beam current i:s variable up to S.OX 1017 

electrons per pulse (80 rnA/pulse) for long-term irradiations. 

The energy is variable from 3 to.9 MeV. For this work 6.0- and 

7.5-MeV energies were used for instrument linearity studies, but dose rate.s 

were established for 7 .5-MeV studies only. 
.. .... 
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Detectors 

The two ion chambers used were a Jordan Radgun (Model AGB-10KP..SR) 

with a range of 0.01 mR/hr to 10000 R/hr, and a Victoreen Low Energy Survey 

Meter (Model 440) with a range o£ 0 to 300 mR/h:r. The electroscopes were. 

Bendix (model NS) with a range of 0 to 200 mR. 

Two film-badge configurations were used--duPont film package 558 

in a plastic badge holder with a cadmium filter, and film package 556 in a 

plastic holder with open window and filters of plastic, copper, and cadmium. 

Variations of these filters were also tried. 

The lithium fluoride (LiF) thermoluminescent dosimeter (TLD) con-

tained 57 mg of TLD-100 powder (Harshaw Chemical Company) in polyethylene 
I 

capsules. The LiF.-_TLD reader was designed, built, and tested at this Labora-

1 tory. The system range is from 10±3.5 mR to 100000±5000 R integrated 

dose. 

Detector sensitivities and energy dependence 

Various sources of information contain data regarding the sensitivity ·, 

and energy depehdence of the detectors used in this experiment. 

The energy dependence of ion chambers and pocket dosimeters was 

studied in detail by McKown and Storm. 
2 

Curves ~f their measurements of 

the Model AGB-SOB-SR and Model 440 instruments are shown in Figs. 1 and 

2, respectively. 2 The AGB-SOB-SR should be identical in energy dependence 

with the AGB-10KG-SR, as both units used chambers of identical construction. 

Figure 3 shows response curves of a Victoreen electroscope. Comparison 

among curves from other pocket dosimeters of this type indicate their energy 

,., ., 
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The sensitivities of film packets 556 and 558 are taken from the 
\ ., ~ ,. '' t 
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company s brochure. Packet 556 contains film type 508 and 834, andpacket 
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558 contains film type 508 and 1290. Response curves of tbf 508, 834, and 
~; 1 

1290 film types are shown in Figs. 4, 5, and 6 respectively: 

The energy-dependence curve of the TLD-1.00 powder, reproduced 

from data of Cameron et. al., 
5 

is shown in Fig. 7 where the TLD-100 curve 

is compared to a film badge curve normalized to cobalt-60 gamma radiation. 

Calibration of the d·etectors 

The ionization chambers, films, pocket dosimeters, and LiF-TLD 
' 

were calibrated at the Health Physics Department radium-calibration range. 

The fact that the effective energy of radium is not as low as that of the 

bremsstrahlung radiation spectrum measured was taken into account when· 

the data were evaluated. The Radgun was calibrated while the ion-chamber'i 

and control unit were connected with a 25-ft chamber-extension cable. The 

radium calibration served as a firm reference from which correction factors 

could be generated with confidence. 

Experimental setup 

Figure. 8 shows the physical layout of the control room and irradia­
' 

tion room at the electron linear accelerator. 

The detectors were exposed to a very small current of electrons 

that were converted to bremsstrahlung radiation in a 0.030-in. tungsten · 

foil. The distance from detectors to tungsten was 1 meter. 

The Victoreen 440 was oriented so that the thin window pointed up-

wards with the aluminum cap left in place. This permitted use of first surface 

mirrors by which the meter face could be read with binoculars from the con-

trol room. The Jordan Radgun meter, and r~nge controls were brought out 

to the contr.ol room. Other detectors were irradiated without the necessity 

of constant observation. 
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Each device was mounted on the median plane of the beam and was 

·centered to ±2.5 mm. The electroscopes were checked fo~~an upscale reading 
~~ ., 

before irradiation. Prior to use, the LiF-T.LD and film b'~:dges were stored 

in a low -radiation area in the control room. 

The electroscopes were read immediately following irradiation. The 

LiF-TLD' s were read out within an hour of irradiation. 

DATA REDUCTION AND EVALUATION . 
•.·· 

The. effective energy of the bremsstrahlung spectrum6 was established ':0:':-.: _, 

with the filtered gamma film badge. The ratios of the densities under the . ; . ·:.: .• ~~ -~.: 

plastic, copper, and cadmium filters we-re fitted to the calibration curve~. 

The other film badges wete then read on the basis of the established effective·· 

energy from the 7500 kVp X-rays. . .,, . . ... \ ·~ : 
' _, •, . . . 

• ,.,:r' •• 

The LiF-TLD dose data was compared with the corrected film-badge.·.-:·~.· 

dose data. Data from these two dosimeters agreed well. 

The dose indicated by the film badges and the dose indicated by the 

LiF-TLD dosimeters was compared with the indicated dose rate of the ·active 
I 

detectors. The electroscope dosimeters were normal~zed to unit time and 

also compared. 

The correction factors for the active detectors were obtained by 

dividing the indicated dose rate by the normalized dose rate from the 

detectors. 

EXPERIMENTAL RESULTS. 

The results of the linearity tests of the rate-indicating ion chambers 

as a function of pulse -repetition rate and pul~e duration are shown in Fig~ 9 

for the Victoreen 440 and Jordan Radgun ior 6-MeV ~lectrons (6000-kVp . ·, 
•••• > 

X rays) and a 6-f.lsec pulse duration. 
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Linearity information of the Radgun was observeq p.cross the second 
j\ ~ 

scale (3 decades) for pulse rates of 7.5 to 120 pulse~lsecond, and range 
. ~ ; . ' 

higher beam intensities for this purpose. The results are ~hown in Fig. 10. 

Results for instrument response to various pulse-repetition rates 

with 7 .5-MeV electrons (7500-kVp X rays) and 7 IJ.Sec pulse width for the 

Victoreen 440 and Radgun are shown in Fig. H. 

As is evident in all cases, the indicated rate linearity is within the 

limits specified by the manufacturer. As shown later, the indicated dose- · 

rate average is not accurate at these pulse durations. 

During inte.rcomparison irradiations, special attention was necessarily 

paid to the stability of the accel.erator and the steadiness of the rate output 

of the ion-chamber rate meters. The exposure area was limited to an. areJL 
. ' . 

of normal angular divergence of the electron beam, with a constant brems-

strahlung energy pattern thus maintained over the detectors. 

The irradiation was timed with a stopwatch and electric elapsed­

time meter. Timing was accurate to better than 0~01 o/o. The various dose 

I 

and dose-rate measurements below are given within the limits of the readout 
I 

systems and calibrations, and were. time-normalized for all detectors exposed 

to 7500-kVp X rays. 

Detector Dose Rate (R/hr) . 

LiF-TLD 0.15 to 0.45 

Film packet 558 
~ 0.18 to 0.54 

Film packet 5 56 0.19 to 0.59 

Electroscope Oe36 

Model 440 0.215 
. t 

Radgun 0.165 .. 

·:.:t 
.:, ~l 

/. . ~-

~ ;, .. 

·. ,, '"' . . ' . ·~ · . 

. .... ·~ 
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The effective X-ray energy, established from dat't;acquired with the 
. ~·~ 

filtered film, was evaluated as 400 keV. With this information the dose-rate 
¥ ~ 

and integrated doses of the detectors could be better defined. 

Shown below are the values calculated for each detector, with the 

response of each corrected to the measured effective X-ra_y energy. 

Detector Energy-corrected dose rate 
(R/hr) 

LiF-TLD 0.38 

Film packet 558 0.45 

Film packet 556 0.48 

Electroscope 0.36 

Model 440 o. 21.5 

Radgun 0.130 

DISCUSSION 

Several factors account for the wide variations in the results and are 

discussed bela~. First to consider is the vast difference in the response of 

each type of detector. The passive dosimeters all agree within :H5o/o when an 

... . ~ . ,• . 
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effective energy is established. 

_.;._ ,- .. . ~ . ; ., ~ 

-~. ' . I 
With electrical-field-dependent devices, both 

:.:·~·;: ::; 
the collection potential and wall thickness must be considered. The wall thick- · ·>;·, .. 
ness affects the low-energy sensitivity; the collection potential is a controlling 

factor of the ion recombination in the ion chamber. This is somewhat important 

in light of the pulse durati'ons and the duty cycles used during the experiment. 

Considering the instantaneous -radiation intensity rate, the several hundred 

percent error becomes more acceptable. Take, as an example, a true average 

dose rate of 100 mR per hour, a 6 -~sec pulse· duration, and 7.5 pulses per 

second--the instantaneous intensity' rate would be 0.615 R per pulse. If this' 
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rate were maintained at its peak intensity, the steady-stat~ field would be 

1.66.X 104 
R/hr. 

The peak intensity per pulse as a function of pulse rate, and pulse. 

duration for average d~se·rates of 100 and 300 mR/hr, have been calculated 

and are shown in Fig. 12. Remember that the correction factors of each 
! 

instrument must be applied to the peak-intensity value to bbtain an accurate 

peak intensity for the intercomparison levels between detectors. 

Note that with the use of film badges in unfiltered X-ray or brems- .. · 

strahlung spectra, the soft (low .;.energy) c~mponent causes blackening at a. 

rate exceeding 10 times that of photons in the region of a few tenths MeV. 

For a badge containing at least two kinds of filters, this blackening can be 
' 

\I 
reduced somewhat, but t~e associated error in the dose evaluation increase!?• 

Measurements of this sort are complicated by energy dependence, 

peak-intensity rates, and varieties of variables that must be accounted for 

"' in each detector. Uncertainties of this nature cause the adoption of large 

error limits to attempt to account for every system's shortcomings. ~ .. 

CONCLUSIONS 

From the data, conclusions about detector response at the two · 

energies experimentally observed here can be drawn. A final tabulation of 

correction factors to be applied directly to the indicated radiation dose or 

I 

I ' '•' 

I '. -~' o 
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rate are given in Table 1 along with the error limits. 

Because no measurable pulse -rate effects on the rate meters were· 

observed in the regions studied, we conClude that the· time-constant of the:::·. 

meter was long enough to overcome such effects.,.'.·· 
· ... : 

;> 
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:l 
Film badges are not recommended as continuous ~gosimeters with 

I ~ 
:-~ ':. 

-~· 

unshielded bremsstrahlung of the peak energies used here'! p.owever, if fflm 

is used, the use of filters facilitates dose evaluation when calibration data 

are adequate. 

We believe that measurements outside the shield would yield re-

sults similar to these taken inside the shield, with the exception of a hardening 
~ 

of the bremsstrahlung spectrum and the related change in the response of all 

detectors used. 
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,, 
Table 1. Correction factors for dosimetric deV·~ces 
exposed directly to 7 500-kVp bremsstrahlung ~.~~iation •. 

'·!; 

. .. : .... 

,·, 

,· 

' __ , ' 

I. 

lj .. 
I 

' 

. -~.'< • ~ 
. _,. ~ . ~ 

( ~ ... .. · 
. •' 

~ ' .. 

. ; . ~, ~ 

-,:''!·. I, 

• •• <~' . 



-11.- UCRL-16493 · 

ACKNOWLEDGMENTS 

I thank Mr. Douglas Pounds,· who operated and ma,intained the . ' 
electron linear accelerator during the experiment. Also, I thank the E. I. 

duPont de Nemours Company, J, R. Cameron, and Donald·A. McKown:·oU 

the Los Alamos Scientific Laboratory, for permitting me to publish some 

of their data. 

.. 

' ., 

.· 



~-

-12- UCRL-16493 

FOOTNOTE AND REFERENCES 

>:C 
This work was done under the auspices of the U. S. Atomic Energy Commi~sion. 

1. Francis M~ Miller and Lowell M. Kleppe, Developmen:t, Testing, and 

Calibration of the LRL Thermoluminescent Dosimetry System, Lawrence 

Radiation Labor!'ltory Report UCRL-11613 (August 1964) (unpublished). 

2. Donald McKown and Ellery Stormi The Photon E_ne,rgy Response of 

Several Ionization Chamber Instruments, Los Alamos Report LA.-2679, 

TID -4500, 17th Ed (February 1962) • 

. 3. Jerome E. Dummer, Jr., General Handbook for Radiation Monitoring, 

Third ed., Los Alamos Report LA-1835, 1958 (unpublished). 

4. E. I. du Pont de Nem·Gll.rs, Photoproducts Department Brochure A-1.00.9-a • 
. i 

5, J. R. Cameron, F. Daniels, N. Johnson, and G. Kenney, Radiation 

Dosimetry Utilizing Thermoluminescence of Lithium Fluoride, Science~ . 

134, 33 (1961). •• 

6. Malcolm MacGregor, Nucleonics 17, No. 2 (1959)'. 

,r ,- . 

. ,. ._ ..... 
. ' ~-:~ ',. t. • • 

. . : \·:··· 
·, . ~:·. ,· '.~ .. ·. ·: . 

. · _.:~;!:;· .. ;:./~; ::.::::/ 

'~ . 

• .. 

.·, 

. ' . 
. '·i: : 

.· . 
••• '!lo' ••• • 

,·' .. 
. ··,. . ... 

. _::' < ..... 
.' .··· . 

~·· ;. ' 

.. 
··.·•·· 

' I . . ~ 
-.: •• ,,·.'I i' '.•'-. ·: ... 

. . ; .: . ~ : .. 
'. ,· 

. '. 

· ... :_.·:· 



-13- UCRL·16493 

FIGURE CAPTIONS 

Fig. 1. Typical response curves of rate ·meter Model AG~-50B-SR (The 
; 

Victoreen Company). Position A: o-, shield /closed; 

0----, shield open. Position B; 6.--. Sensitivity equals 

instrument reading divided by standard chamber reading. Correc-

tion factor is 1 over sensitivity. In the lower right corner, arrows .. 
indicate beam direction. This figure, taken from Ref. Z, is used 

with permission of that author. 

Fig. z. Typical response curves of rate meter Model 440 (The Victoreen 

Company). Position A: o--, shield on; . 0----, shield off. 

Position B: 6. -. Sensitivity, correction factor, arrows, and 
tl 

I 
,I . . source same as Fig. L 

Fig. 3. Typical response curves of dosimeter Model 656/A (0.5 R direct- , 

reading pocket dosimeter, The Victoreen Com.pany). Sensitivity 

correction factor, and source same as Fig. 1. Dosimeter 1 (b), 

Z (0), and 3 (6.). 

Fig. 4. Typic~l response curves of film dosimeter type 508 (du Pont). 

Numbers on curves refer to effective wavelengths. These curves 

were s~pplied by the manufacturer and are used·with permission. 

Fig. 5. Typical response curves of film dosimeter type 834 (du Pont). 

Numbers on curves refer to effective wavelengths. Source same as 

Fig. 4. 

Fig. 6. Typical response curves of film dosimeter type 1290 (du Pont). 

Numbers on curves refer to effective wavelengths. Source same as 

Fig. 4. 

Fig. 7. Energy dependence of LiF and film-badge dosimet~rs relative to
60

co. 

·'1 . 
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Data supplied by and used with permission of J; R. Cameron, University 

of Wisconsin Medical Center. 
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· Fig. 8. Floor plan of electron linac. 

Fig. 9. Meter readings [Victoreen 4:40 (o) and Jordart Rag_~un (0)] as a ·. • ,,,., 
t. ~ 

function of measured beam current and pulse rep,~tition r.ate. · Six-. 

J.LSeC pulse duration, 6000 kVp X rays. Numbers on curves are 

pulses per second. 

Fig. 10. Jordan Radgun dose indication as a function of pulse rate with a 

constant beam current per pulse, for 6000 kVp X rays. 

Fig. 1 L · See Fig. 9 caption. Seven- .... sec pulse duratio~, 7 .5-Me'v electrons._ 

Fig. 12. Calculated average dose rate as a function of pulse rate, peak dose' · · 
··r"'.' ·,,, 

rate per pulse, and pulse duration.··. Pulse duration:- Curves A and 
; -

C; 6 .,._sec; Curves B and D, 7 .,._sec. .· .. -.·.···· .. 
, .... ·.:. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with re~pect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such cdntractor • 






