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Measurement of Cesium-137 and Cobalt-60 Gamma
Radiation With a Pressure Ionization Chamber

G. R. Grove !

The characteristics of the pressure ionization chamber st tha Natlonsal Bureay of Stand-
ards hoave been gtudied for the gamns radiation from & cesiun-137 source (066814 Mev) and

from # cobelt-60 source {1.1715 and 13316 Mav),
these sourses were mesavrsd with this ¢hamber with an agouracy of sbout 2 peroent.

The dosagw rates produced in air by
Dosage

rates obtamed with an extrapolation chamber and a Vigtoreen thimble chamber agreed with
the velues mesaured by the pressire chamber within the limits of the ezperimental errors.

1. Introduction

A study of the charactristics of the pressure ioni-
zation chamber at the Nationsl Bureau of Standards
for X-rays up to 400 kv haz been dizcus=ed by Taylor,
Singer, and Charlton [1]%. The results of their study
showed that it was possible 10 measure accurately the
dosage rates of high-voltage X-rays in accordance
with the internaiional definition of the roentgen.
Taylor and Singer [2] alse veed this chamber to
measure the ionization of the ma radiation from
u radium source and determined s value for the
emission constant of radium. At that time it was
not feasible to investigate completely the chamber
regponae with quantum energies in the million-volt
rogion. However, Taylor and Singer believed their
measurements were accurate to within 0.4 percent.

Radioactive materials of sufficient radioactivity in-
tensity and particularly suited for use with the pres-
sure chamber have become available only recently,
The study of the characteristics of the chamber with
isctopes ha garnmg radiation in the apergy re-
gions of 0.6 and 1.3 Mev was undertaken to determine
the reliability of the chamber for measuring the
dosage rates produced by radiation energies up to 1.3
Mev. An extrapolation chamber and a Victoreen
thimble chamber were also tested so thet their
readings could be compared with that of the pressurs
chatmber.

Cezium-137 and cobalt-60 isotopez were obtginad
from the Oak Ridge National Laboratory for use
with the chamber. The cesium isctope emita a
gamme ray of 0.6614 Mev [3], and cobalt-60 emits 2
quants in cascade per dizintegration with ¢nergies of
L1715 and 1.3316 Mev [4]. The activities of the
cedgium and cobalt samples were about 8 and 1.5
curies, respectively.

2. Apparatus and Procedure

2.1. Pressure Chamber

The d;l:&l]hragm system snd chamber are shown
schematieally in figure 1. The source is housed in an
alumminum cylindrcal spool, which can be moved
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axially inside & 14-in. diameter aluminum tube to
vary the distance between the diaphragm and the
gourca, ‘The diameter of the pluminum tnbe is twice
as a ag the diameter of the diaphr aperture
and sbout three times as large as the diameters of
the aources uwsed. The aluminum tubing is sup-
ported in containers that are filled with lead shot to
reduce the radiation intensity in all directions ex-
cept along the axis of the tube, A lead wall across
the back of the tubing confines tha radiation to a
e eatnmaray beam defined hy the d hragm
B EAMINa-TH fIm the dis
passes ugh ar{n.]uminu.tm windgw 0B Il.'l.l.'l:l thick
and 52 em in diameter into the chamber. The
cylindrical pressure chamber has an inside length of
7ftand a giamst-er of 30 in. Collecting electrodes
are arranged in the chamber on a pair of rails in
such & way that they can be moved from the outside.
along the axis of the tank over 2 range of about 125
cm. The spacing of the alectrodes also can be
smoothly ndjusied from 7.2 em up to about 39 em,
Thesza alectrodes consizt of aluminum plates 75 em
long and 40 ¢m in height. Aninsulated aluminum col-
lecting plate 25.4 em wide and 35 ¢m high is located
at the center of the grounded electrode, The sec-
tions of the grounded electrode around the collecting
plate act as gunrd plates.  Equal potential planes are
provided in the sensitive ionization volume by means
O4-mm alominum pguard wires located io planes
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parallel to the elactrodes, Each of thesa wires com-
etely eurrounds the volume defined by the plates.
guard wires, which are 2 cm apart with ad-
jacent wires munant.ac}_ul]:]y Twegohm metalized re-
gistors, produce & uniformly gradad potentinl batwean
ﬂiIEI high-voltage electrode and the grounded guard
ntes,
P Air ia pumped into the chamber through s filter
and 2 ealeium chloride drier, and in addition, several
trays of drier are kept inside the pressure fank to
keep the moisture content of the air at a rinimum.
‘The presaure of the gas can be read dircetly from a
Bourdon gage with an aceuracy of about (.2 percent,
and the temperature of the ras can be determined
from a thermometer fastened to the clectrode assem-
bly, which can be read through & thick glass window
in the rear of the tank with an accuracy of about 0.4
percent. .

The poteniial applied to the high-voltage electrode
iz supplied by & group of about 500 B batteries (45
¥ per battery), Potentials from 500 to 20,000 ¥
are availsble in steps varying from abeut 500 to
2,500 v, Uging a 100-za meter with appropriate
mwultiphers, the plats potentiel ean be measured
with an accuraey of about 0.5 percent. A General
Electric Co. FP-54 electrometer tube is used in a
conventional deteptor cirguit with a gnlv&mm&mr of
approximately 10~ ampfmm sensitivity. A Rubi-
con potentiometer connected to the collecting plate
through » 5. 3. White resistor supplies the necessary
current throvgh the resistor to buck ouwt the current
from the collecting plate and maintain 1t at ground
potential. With the grid of the electrometer tube
also conpected to the eollecting electrode, the com-
pensation current can be adjusted to exactly neu-
tralize the ionization current as indicsted by a bal-
ance of the pulvanometer,

The dosage rate soppliad to the jonization chamber
under saturation conditions can then be determinad
from & knowledge of the effective wvolume of air de-
fined by the m%]&cting plaie and the diaphragm
aperture plong with the values of the grid resistor
and the potentiometer voltege necessary to balance
the detector.

If the response of tha pressure chamher with plate
voltage and plate separation at various pressures 1s
intern conmistent and is in apreement with the
BEDEC characteriatic response of & parallel plate
chamber, the values measured can be relied upon s
represefiting the true dosage ratea.

Tsing the cesium-137 sourcs and a constant plate
seperation of 35.14 cm, the onizeticn current was
mesaurad as a function of the plate voltage for saveral
different pressures ranging from 4.81 to 8.90 atm
corrected to ptandard temperature wnd pressure (see
fig. 2;. The valves of the icnization currents per
unit volume of standsrd air obtained by the extra-
polation of the saturation curves to an infinite
electric field by the technique of Jaifa and Zansira
[5] and making the correcticns due to air ahsorpticn,
‘aﬁreed within 1 percent with their averape wvalue,

ith & copstant pressure of 3.93 atm, the jonization
current response to plate voltage was measured for
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different plate saparations rnn?ing from 7.14 to 37.04
cm. The saturation curves for three of the plate
separationa are shown in £ 3 and 4. With the
smaller plate ssparations, the ionization eurrent in-
creases more repidly in the lower plate voltage range
than dees the current fromal plate separation,
due to the greater field strength. - When the plats
separation is not large encugh, as s the case of 9,98
em At 8.93 atin (fg. 3}, sotne electrons are collectad
Ly the electrodes bafore they expend all of their reonil
energies by ionization. From the complete family
of saturation curves at & constant pressure, a curva
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of the ionization current versus the plate separation
with constant electric field was determined. The
ionization current was found to fall off for plate sep-
arations less than about 150 em of equivalent stand-
ard air. When corracted for the diameter of the
gamma-ray beam and the chamber pressure, & mini-
mum suflicient plate separation of ahout 120 ¢m for
0.661-Mav radiaticn waz found. .

A similar procedure was followed in measuring
the radistion intensity from the cobalt-80 source.
For theae 1um1tum energiee a minimum plate
separation of about 400 cm of standard air was
found necessary to obtain the maximum collaecting
rate of the ions with & constant slectric ficld. Thi=
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corresponds to & plata separation of about 335 cm
of equivalent standard air when corrected for the
heam diametar.

The dosage rates at ths limiting diaphragm surface
for the particular cesium and cobalt sourees measured
in the manner just described were 6.9140.07 and
5104+ 0.05 r/hr, respectively. These values need
to be corrected only for the air and aluminum
absorption and for the diaphragm leskage.

A test of the inverse-square response waa Inade
with the pressure chamber for the two sourceas,
The distanece, F, botween the conter of the source
and the limiting diaphragm surface was varied, snd
tho ¢concomitant ionization owrrent was measured,
Thesze dats are shown in fipure 5, from which it is
seen that F is very nearly equa:l to the effective
source-diaphragm distance,

2.2, Exivrapolation Chamber

A parallel-plate sxtrapolation chamber [6] alao waa
used to monssurs the dosape rates of the two sourees,
This ehamber consists of twoe Lucite disks, the inner
surfaces of which are painted with & conducting
pquadag dispersion, Around each dick there is a
eoncentric guard Ting (fig. 6). The Lucite disks
are supported in, but insulated from, brass rings,
one of which is threaded into the other so that
plate scparation can be varied, A complete revo-
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lution of one of the plates changes the plate se¥a.ra—
tion by 0.150 cm, which is ahout 8 percent of the
maximum plate separation,

By the use of this chamber with a shielded con-
denser-potentiometer cireuit and a vibrating-reed
electrometer g9 an indicator, the ionizaiion current
was megaured a8 b function of the plate sepamtion,
A curve for the cesium source is shown in figure 7.
From the slope of the etraight line determined by
the most pointe, the average ionization eurrent per
centimeter can found. Thie guantity, together
with the values of the temperature, pressure, and
the srea of the dinphragm aperture, determines g
dosage rate at the limiting diaphragm surfaca, For
the cesium and cobalt sources, dossge rates of 8.72
#4-0.13 and 5.20:£0.10 rfhr, respectively, were cai-
culated, These volues need to be correcied only fer
air and Lucite abeorption and for the disphragm
leakape.,

2.3, Thimble Chamber

A 25 Vietoreen thimble shamber was also used
ko messurs the dosage rates of the two isotopes,
This chamber and charger unit had been praviously
calibrated for radium radistion, and a scals cor-
ractiopn wa=s determined with an securacy of about
2 percent. With this chamber the d e rates ware
measured for tha two aourees at a eufficient distance
from tha diaphragm, such that the largeat dimension
of the pensitive volume of the charmber was less
t‘htl:m.n O'I:ile-hﬂ.f m‘%r dmmth ehtnr of the umbra purtigilnzsf

¢ radistion, ith the same geometry, readi
were teken with different t.hlcgkneasea of Lucita
shells around the eensitive volume, The rate of
ionization in the chamber at firet incressed with
shel! thickness due to the apprvach to electronic

equilibrium, and. then decressed with mdditional .

shell thickness due to absorption in the Luecite, By
exirapolating the slepe of the line due to_abserption
o zero shell thickness, a doaage rate was determined.
This value 16 faken to be a good approximation to
the ionization rate with slectronie equilibrium and
ne Lucite absorpiion. The shell thiclnessss neces-
sary for electronie equilibrium wera cstimsated to be
about 1.0 mmn for 0.861-Mev radiation and 1.3 mm
for 1.3-Mev radiation. The extrapolated values
wete about 8.8 percent for cesium and 4.5 percent for
cobalt higher the respoctive values with elee-
tronie equilibrium shell thicknesses. Extrapolated
wvalues of 7.0440.21 and 5.2040.15 rfhr were cal-
enlated for the cesivm and cobalt sourees, respee-
tively. Thesa values are corrected for tempersturs
ahd pressyre and sre for the same source-limiting
aperture distance used with the other two chambers.

ese values can then be compered directly with
the pressure-chamber results.

3. Corrections and Results

Tha sensitive volume of the pressure ionization
chamber is determined by the length of the collector
plates and the ares of the limiting aperture. How-
ever, there ie an error mvolved in congidering only
the radiation that gﬂ.sﬂeﬂ through this aperture, as
the thickness of the diaphragm is not smell compared
to its distance from the souree of radistion, and thas
some of the radiation will pass through the edge of
the diaphragm and enter the chamber, To estimate
the magnitude of this error it was necossary to de-
termine what fraction of the total radiation produc-
ing ionization in the chamber was transmitted
through the edpe of the diaphragm. This was
done by considering the activity of the source to be
distributed unifortoly over the surface of B thin
disk loceted st the center of the zouree (fig. 8). If
¢ and ¢ are the polar coordinates of & point on the
surface of the disk and r is the distance from the
source-diap ~chamber axiz in a fized direction
at & distanee I7 along the axis from the source, whera
1} iz equal to or greater than the distance 4 betwean
the source and the outer diaphrapm surface, then
the total arsant of radiation received by the ioniza-
tion chamber s given by

Fomer i T i
Erf f J. B e M apdy ndl ),
i u '

where § is the thickness of lead troversed by gamma
rayz emittod at p, 8, which pass throvgh the point
r, and z is the linesr sbsorption coefficient of laad
for the radiation in question. ‘The maximum valye
of pis nqual to the radius of the source, and the maxi-
mum value of r is taken to be that radius at which
the radiation intenaity ia negligible for all values of
pand 8. The sbaorher thickness 5 is given by

d=d—

D{ i g6n § = g} s a—r c08 PP (&' — &%) (Pt ol —Brg com 8) |

A4 T —2rp com 8
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Fiaren 8, Schematic tndicafion of the varfobles required for
delermingtion of the diaphragm leokige correclion.

for all poaitive values of the righi-hend termn. When
the right-hand term beecoInes pegitivae, 5 iz cquel to
zern, This triple integral was svaluated by numeri-
cal integration, and the resuiting intensity was com-
pared with the intensity that was pessed through
the unobstructed aperture for the cesium and cobalt
sourcea. In the case of cesium the correction was
2.40 percent, for cobalb it was 4,85 percent.  These
values are believed to be accurate to about 1{tpercent,

The resistance of the 3. 8. White resistor used in
the grid cirenit of the elecirometer was measured
during the course of the exPe.riment and found to
have 8 value of 3.003% 10" ghms at 28° O nod
3.161 10" ghms at 23° C. The presise temperature
of the resistor during a set of measurements was not
known but was taken to be the sverage value of the
temperature of the sir in the tank snd room tempera-
ture. The mazimum error due to thie resistor is
estimsted to be about 1 percent.

By the application of the corrections due to air,
aluminum, &nd Lucite absorptions [7], and that due
to the diaphragm leskage, the correct dosage rates
mensurad with the preasure and the extrapolation
chambers were calculated. These values are tabu-
lated in table 1, along with the thimblechamber val-
ues. The cobalt soures had haen calibrated on June
1, 19498, The calibrated walue corrected to the ap-
proximate date of this experiment was 5,051 0.15 r[Er
at o distance equel to the source-diaphragm distance.
The errors assigned to the various values have been
estimpted and consist lergely of the errora already
diacusaed.

TanrLe 1. Comparaiime values of fhe doroge rafes of the Hmiting
diaphragm avrface
Ceablm-137 | Cabali-60
1/hy ke
elmmber. . _ ... T 174014 215010
F rtra; thomebwmbor . ... T2 SATE0 15
Thimbbe chambar_ . ... LU ES R A 015

Using the tﬂmﬂsure chamber, the abszorption eoef-
ficients for the ma ta¥s of cesium and cobalt
were measured for lead, copper, and tin. Sets of
etandard absorbers ra:fing in thickness from 0050
e about 3 cm were used in this determination, The
velues of the messured linesr absorption coefficients
are listed in table 2, slong with the best aveilable
theoretical values (8], The theorctical values are
balieved to be accurste within a fow percent. The

[ower energy vailues are the most inaccurata hecause
of the error in determining the more prominent pho-
taelectric absorption coefficiant.

TapLe 2.  Linear absorption coefReienis
Ceilumm-15T II Cuolbalt-60
Limd | Tin 1anp&r| Lead | Tin |C-unp-ar
el | o | e | e em-l | oemel
Dfeasored ... | {11 0. 338 ME3S | Do 0,372 | 0,445
Caloukabed. ... 1.202 JHE i _ATR JFIL K]
4, Conclusion

The response of the prassure ionization chamber
for radiation energies below 1.3 Mev indicates that
absolute dosago rotes can be determined within & few
percant in accordance with the inbernationz] defim-
tion of the roentgen. The accur of the values
obtained with this pressure chamber are limited
mainly by threa factora: (1) the®rror in the measure-
ment of the jonization corrent, (2) the determination
of the saturation current obtsined by s Jalfle-
Zanstra extrapolation, and (3) the accuraey of the
determination of tha area of the diaphragm sperture,

with the correction factor due tel of radiation
through the adge of the dia.phraﬁ-m. A consideration
of these fagtors, together with the inhorent tolerances

of the chamber, led to an estimated ervor of 2 percent
for the over-all accuracy of the resulta,

It a.ll:\puara that it is possible to get an accuracy that
will sllow dossge-rate measurements to be ma.r[ 8 with
somewhat Jess than 1 percent ervor by mimmlm;:gg
the uncertainties arising from the sources lis
above,

The dosnge rates measured with the extrapolntion
and thimble chambers are in Egud agreement with
the values determined with the pressure chamber.
Thie is especially gratifying in the case of tho thimble
chamber, as it is used extensively and there has been
gome question regarding cnergy dependencs for radi-
ation in the million-clectron-volt region. The Vie-
toreen thinble chamber wos not designed to measure
the dose resulting from high energy radiation;
however, it was found that the dosa dee to pollimaiad
cesium-137 and cobali-60 ga.nun&-raf'a could be
determined relatively accurately by placing Lucite
shella arpund the thimble to provide electronic
eguilibrium for the radiation in guestion,

5. References

[l]Rk 8. E‘:Iylor ;. Hingsr, and A. L. Charlton, Am. J.

ntgenol. iutn Ther XLIV, No. & {lﬂil}ﬁﬁd‘

[2] L. 3. Taylor and G, Singar, Am, J. Eoentgenal. um
Therany . Mo, 2 {1939).

(3] L. M. Langer and R. I». Mboffat, Phys, Rev. 75, 74
1

[4] D. A. Lind, J. R. Brown, and J. W, M., DaMond, Fhya,
Hev. 78, 1838 (1940,

[5] H. Zan Physica 2, &17 {1935).

[@] G. Falla, oxy AXTX, 262 (1957, .

7] 1. A. Victoreen, J. Apphied Phys, 28, 1141 (1048).

8] Gladys White, Tables of M-ty attenusticn coefflcients
with jotroduetory notes, MBS Report 1003 {May 7, 1851},

W asrineTanN, October 12, 1951,

151






