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Thimble-Chamber Calibration on Soft X.rays

By Frank H. Day

Condenser r-meter thimble chambers of various types have been celibreted sgainat a
atandsard free-air fonlzation chamber to indicats the wavelength dependsnee of their read-
inga after pxposure to X-rays excited by potentials yvanging from 10 to 200 kilovolts. X-rey
tubea with low inherent Gltration are veed. Calibrations are condueted for miniooum-

filter eonditions, and the effect of sdded filtration on the ealibrations is alao noted.

Tt oy

heen obszerved, for inatence, that a chamber that reads correctly for filtered radiation of
100-kilowoit quality ia in ercor by a factor of 2.3 for 10-kilovalt X-rays.

I. Introduction

Thimbla chambers of the Vietoreen type are
normally designed for the measurement of rela-
tively hard radiations and are customanly cali-
brated with X-ray beams that are produced by
tubes with an applied voltage of 70 to 200 kv, and
which are subjectad to some preliminary filiration,
at least 2 mm of aluminun:t or 0.2 mm of copper.
Over thiz range, the chamhers yicld readings that
are practicelly independent of the radiation quality
when calibrated against s free-nir chamber. How-
ever, in the absence of ahy other ionization
chambar, they are frequentiy veed for measuring
very much solter radigtions than those for which
they ure designed or calibrated. Numerous cases
have come to our attention where the red Bake-
lite 25-r chamber has been employed to measure
radiations produced by potentials as low as 20 or
20 kv, and it has been cbvious in many casea that
the users have had no remsonable idea as to the
magnitude of the errors® involved. Ii therefore
gppearcd to be desirable to investigate the mag-
ritude of these errors and provide some guantita-
tive data thereon.

Mongurements cited in this paper with respect
to the efert of added filtration on the calibration
relate primarily to one 25+ chamber. The effect
of thimble-chumber type is studied with red
Bakelite 25-r, 100-#, and 250-r chambers, as well
as the newly designed 250 r nylon chamber. When
calibrations are made in & given X-ray beam, or in
different heams of exactly the same quality, thea,

LBy “arar* is meant (ke departire oF rmeder raslisge from thoese of &
skandard fres-alr ahambor.
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ar noted below, different chambers of the same
type generaily require the same corcections’
However, chambers of different types require
different corrections.

Although the results reported here may be
teken as typical, the very magnitude of the cor
rections rcguired indicates that whenever a
thimhble chamber is Lo be used for precise measure-
ment in the very soft X-ray region, it should Le
gpecifically calibrated for the exact conditiona
under which it will be uzed. This becoines mere
important, the lower the X ray exeitation poten-
tial. The wave form of the excitation petential
hecomes increasingly more important at the lower
potentinls alag.

It is desirable for thimble-chamber readings to
hear g constant relationship to those of & standard
free-pir chamber over a wide range. of X-ray
quality. To achieve this, it is necessary that the
type of absorption and scattering in the thimble
chatuber wnll be cquivalent to that which i
observed in air, and that the absorption in the wall
thickness be negligible in comparisen with the
trgnsmission through it, or that the secondary
corpuscular radiation within the cavity be en-
hanced by means of n suitable internal coating
of the wall to compensate for radiation lost by
ahsorption in the wall thickness.

The practical attainment of this requirement is
not difficult for 50 te 200-kv X-raye emitted by &
tube whoee inherent filiration is at least 0.2 mm
of copper. For example, in the measurement of

P Cyrection, an bere nasd, 18 & factor by which raneter readings neigg
be multiplied to meke Lthem agres with thaas of s standerd ee-afr chamber.
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radiztion from euch a tobe, the Victoreen 25-r
thimble chamber, with itz 0.6-mm red hakelite
wall, Teads only 5 percent low for 50-kv radiation
if it rends correctly for 100 to 200-kv radiation.

The problem is much more difficult, howavear,
in the case of long-wavelength X-rays, produced
by u tube whose inherent filtration is, say, 1.5 mm
of berpllium. X-rays a3 long as £ A in wave-
length are available in megaureable quantity from
such g tube, and thess are readily absorbed, even in
a few centimetots of air. There are applications
where it ju necessary to determine the exposurs
gt or near the portal of a beryllinm-window tuhe.
A properly desighed chamber, therefore, shonld
measure 4-4 X-rays, (approximately 3-kv quality)
with a minimum of correction.

An attempt has been made in this direction,’
utilizing an ionization chamber having n beryl-
linm wall. The use of an open-sir chamber hae
been reported,* utilizing s limiting diaphragm
and & mesh-type elactrode system consisting of
silk threads soaked in India ink to make them
electrically conducting. A similar chamber has
also been construeted,® substituting, in place of
the mesh of silk threads, Kodapak I, which is
cellulose acatate sheot 0.00088 in. thick containing
some plasticizer. Itz calibration at the National
Bureaun of Standards yields scale factors (roentgens
per acale division), which vary by less than 8
percent as the X-ray exeitation potential is varied
from 7.5 to 90 kv and the filtration from the
minimum of 1.5 mm of beryllium plus 100 ¢m of
wir to thiz plus 4 mm of aluminum.

II. Experimental Procedure and Resulty

In this study, the usual substitviien method
was employed in the calibration of the thimble
chambers, the radiation being frst messured with
a standard guarded-field, free-air ionization cham-
ber and then with the thimhble chambers placed in
the position of the limiting diaphragm, The fil-
tration hetween the X-ray tube portal and the ioni-
zation chamber is, mn all mstances, 100 em of

" pir at approximately 760 mm Hp pressure and
22* . It is necessarily & part of the minimum
filtration, although it iz not hereinafter s0 desig-
nated.,

17, &, Victoresa, .7, Atiee, and E. T, Trout, Am. ], Koont, 5, 381 (1545,
1 Edith H. Qutmby and Elizabeth F. Focht, Am. 7, Eont. W, 53 (19431,

1 Porsonal communieation, H. E. Geamann (Eastman Kodak Co, Rocheabr,
N. Y.
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The standard ionization chamber vsed in this
comparison was the one designed for measuring
radiations produced by potentials up to 200 kv,
It has an air path of 21.1 em between the limiting
diaphragm and the front edge of the collector
plate.® Corrections required for the air ahsorp-
tion over this distence vary from sbout 0.5 percent
for 200-kv radiation te 33 percent for 10-kv radi-
ation,” and thess have been applied in this cali-
bration.

“Constant”? potentials, vared i steps between
10 and 200 kv, were employed on each of two
tungaten-target X-tay tubes used in the calibra-
tion, The first was a thin-walled {1.3 mm}
cerium-glags tuba, which offers about as little in-
herent fltration a2 any glass-window tube. The
second waz a 200-kv water-cooled tube whose
window thickness is only 1.5 mm of beryllium,
and whick hes almest no inherent filtration.

The r-meter readinges were observed over ap-
proximately the same scale rangs to aveid any
possible seale-factor error and wers readily re-
produced within +1 percent. This js an over-all
error, which includes fluctuationa in the cali-
brating equipment of not greater than 0.3
percent.

Figure 1 shows thimhle<hamber corrections
ueing the beryllium-window tube over the range
of 10 to 100 kv, and for filtrations ranging from
the minimum of 1.5 mm of berylliuin to this plus
6 mm of alvminum of added fltration, For ex-
ample, it i3 observed for the minimum filtration,
that the correction is 1,52 at 100 kv and increases
to 2.3 at 10 kv. It is obvious that when euch a
large correction is necessaty, the calibration of a
thimble chamber for use with very soft radiations
must be made with considerable care. In fact,
some earfler studies? indicate the necessity ol
effecting a special calibration for esch epecific
tuhs in conjunction with ite own specific potential
source. The insertion of asz little as 1 mm of
aluminum in the beam, however, reduces the error
from 52 to 3 percent ab 100 kv and from &0 1o 8
percent at 50 kv.

8 Lauritop %, Tayhr stid Georga Bloger, BS I, Hegearch 5, 507 {1830}
LFaL,

t Frank H. Day 30d Laarlabon B. Taylor, J. Bopasreh N2 W, 353 (1948}
EPia883,

§ The power suprly s & resitanes-capaciianes Al to rsdocs Ebe ripoie
e 004 perceot per milllampers cwureat dridn, and suorenk vied in thiea

callbrations did oot szceed L ms.
*L_ 8 Terlor, 3. Singer, and . F, Stmeborner, B3 7. Eesearch 11, 293
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Bimilar corrections using the 1.3-mm plass-wall
tubs gre shown in fipure 2. Here, for minirmum
fittration, it is seen that the correction varies from
1.17 &t 100 ky to 1,34 ot 20 kv. Comparing these
corrections with those of the 0.3-mm aluminum
curve in figure 1, it iz found that they are closely
alike over the whole potential range, indicating

-

that the 1.3-mm of cerium glass is equivalent in
ahsorption to approximately 0.3-mm of aluminum.

Calibration enwrves for the beryllium-window
tube and copper filirations at potentials up to 200
kv are shown in figure 3. It is obeerved that
until approximately 0.22-mm of copper filtration
is added to the beam, the errors at low potentials
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are relatively large, 11 percent, for example, at
50 kv and 0.11-mm of copper filttation. How-
ever, for 0.22-mm of copper filtration, the Lhimble
chamber agrees with the standard within 42 per-
cent over the range of 50 to 200 kv, and additional
filtration does not ¢hange the celibration curvee
obeservably.

In figure 4, calibration curves, for X-raye from
tho tube with 1.5-mm of berylium inherent
filtration, and no added filtration, show the effect
of thimble-chamber type. In this comparison,
thres types ol Bakelite chambers (250-r, 100-r
and 25-¥}) were used in econjunction with r-meter

e No. 1193. Another 25-r Bakelite chamher was
10 my AL
G L RO WM AL Fiaupa 2. Effecdt of X-ray ercifoifon polentiol and added
JNCTY T I 4 aluminum fillration on the readings of +-meter No, 1108
Loz T e E T and £i-r Bokelite thimbie chamber, ueing X-vay rube with
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e thimble chamber, uting X-roy tube with 1.6-mm of beryllium inkerend filiration.
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fuche with 1.8-ma of Beryllium inherent fllration and no added filiralion.

The 200-r, 103, and 256-r chatnlord s sach ueed in conionstion with raoster Moo L1835 Ancther 5+ chamber osed in conjunciicm with rameter Mo
1242, rickds readings that wee the sapis wibip capearimental eregr, Ba fhooe observed with the 36-r chamber, whioh were read on r-metar No_ 1093,

used 1 conjunction with *peter No. 1282, The
readings of the two 25-r chambers and r-metars are
the same, within experitnental error, whereas those
of the 100-r and 250-7 chambers show subatantially
greater departure Irom those of ihe standard
chamhber. It is interesting to note that the
calibration ¢vrves for these chambers run closely
parallal to each other. Fot example, the cor-
rection factor to the 100-» and 250-r chambers
are 1.63 and 1.71, respeciively, at 100-kv, and
1.7% and 1.87, respectively, at 30-kv, or differences
of 0.08 at each potential.

A 250-r n¥lon chamber with a 0.005-in. wsll
thickness hus recently become commercially avail-
able, and its calibration is shown in figure 5 using
an X-ray tube with 1.5 mm of beryllium inherent
filiration. For minimum-filtered radiation, this

Thimbls-Chamber Callbration

chamber reads in error by 31.5 to 28 percent over
the range of 30 to 100 kv. This ia in contrast
with an error in the 250-r red bakelite chamber
readings of &7 to 71 percent in the same axecitation
potential range, as seen in figure 4.

Table 1 shows the aluminum half-value layers
for 10 to 200-kv X-rays with filtration ranging
from 1.5 mm of berryliium to this plus 6 mm of
aluminum. For minimum filter the very small
half-value loyers, even at 200 kv, indicate that the
great bulk of the absorbed radiation is extremely
soft, perhaps in the region of 20 to 30 kv, in terms
of the usual measuring techniques.  As an exemple
of the effect of X-ray beam quality vpon thimble-
chamber calibration, it is obeerved in figure 5 that
& mm of aluminum a&re required to reduce the
eprrection factor to p minimum at 150 loe.  Table
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thimble chamber, watng X-ray {ube with §.§ mot of berpllium inkeven! filiralion.

1 indicates that a 150-kv beam, prefiltered by 8 mm
of aluminum, has a half-value layer of 7.6 mm of
wluminum. This is in contrast with half-value
leyers ranging from 0,04 to 0.18 mm of aluminum
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at 10 and 200 kv, respectively, for minimum-fil-
tered beams. In view of the large percentages of
soft components in heams from beryllinm-window
tubes, it 18 to be expected that chambers used for
measuring radiations from such tube, with no
added filtration will be very critical as to design
characteristics.

III. Conclusion

Thimble chambers can be calibrated for uee
with the very low-potential, lightly filtered radia-
tivns, such a8 produced by beryllivm-window
X-ray tubes. However, the errors may be as
large as 130 percent for radiation produced at
10-kv constant potential.

(Considerable care must be exercized in determin-
ing the amount and kind of filtration and potential
employed in thimble-chamber calibrations for soft
X-raye. These factors are relatively unimportant,
bhowevar, where filtrations above .2 mm of copper
or about § mm of Aluminum are used.

WasHTNGTON, January 26, 1948,
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