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A VC1riahle volume pamllel-p/a1e ioniz,alion gradienl clwmber was hui/1 10 determine 1he C1bsorbed dose in a 
JJolyst\'rene JJhan/0111. The sensilive vo/ume o/ 1he gradient c!wmher is conlrolled by 111ovi11g the chwnber 
JJisl011 by nieans r'./ CI micm111e1er 111011111ed to the JJhC111/0111 boe/_)'. The displaceme/11 o/ 1he JJislon is monitored 
/J_\' CI calihm1ed distance lmvel indicmor which is accurute 10 wi1hi11 O.OJ mm. lrmdiC1lio11s were carried ow 
wilh cobC1il-60 ga111111a rays, pho1011 heams ra11gi11g.fiv111 4 MV 10 18 MV, w1d electro11 bea111s between 5 MeV 
w 18 MeV 
With 1he ioniz.mion gmdielll chC1111her the ca!c1t!a1io11 rl the absolute dose al CI given depth in phan/0111 is 
simJJle and based on .firsl princiJJles using lhe slope of 1he measured io11iz.C1tio11 as a .fiu1ction of the electrode 
seJJarntion, i.e., lhe sensitive air vo!tu11e. The discrepancies between lhe doses determined with our uncalibral­
ed gradienl chw11ber and 1/wse ohlained with CI rnlibmted s1a11dC1rd c!wmber are cl/ 1110s1 1.08 % CIII{/ 0.63 %
.fr1r JJho!on and elec1m11 bea111s, respec1ively, CII ali clinical e11e1gies, i11dicati11g lhC1l the gradienl ioniz.c11io11 
c/1w11ber can he used as CIII ahso!ltle dosi111e1e1: 
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Introduction 

An accurate dctermination of the absolute dose rale 

produced by photon or electron machines is one of 

the most important componenls or modem radio­

therapy. Radiotherapy clinics most commonly de­

termine the absolute absorbed dose with parallcl­

plate or cylindrical ionization chamhcrs which are 

firsl calibrated at, or trace their calibration t"actors 

to. a national standards laboratory. The dose is cal­

culated l'rorn thc rneasurcd ionizalion in air using 

the chamber calibration ractor and following one of 

severni available protocols (e.g., ICRU. 1 AAPM­

TG21 : 2 AAPM-TG25;1 IAEA-WI-10;" elc.) These

protocols are based on the standard Bragg-Gray5 · '' 

or Spencer-Attix7 cavily theories and incorporate 
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various correction faclors, which are used to ac­

counl for elTects of chamber dimensions and wall 

rnaterials as well as disruptions in the photon and 

electron riuence caused by lhe chamber. These cor­

rection factors make thc dose deterrnination cum­

bersome and inlroduce uncertainties in lhe lina! 

resull. 

The basic Bragg-Gray and Spencer-Attix cavity 

relationships for the dose D,,,,.,1 in medium are:

and 

l) Q "V- S--;,,,dllll'd = - Y uir 11ir 
III 

D Q "V l-·,,,,.,1 mt'd = - Y 11ir /lit , 

111 

(l) 

(2) 

respectivcly, where Q is the charge collected under

saturation conditions in the sensitive chamber air 

mass 111, W,,;,- = 33.97 eV' is the mean energy re-
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quire<l to produce an ion pmr m air, an<l S,'//;,1 and 
L;\'// are the ratios of unrestrictecl an<l restricted 
collisional stopping powers, rcspectively, for the 

medium and air for the clcctron spectrum at the 

position of thc cavity. Both the Bragg-Gray and thc 

Spencer-Attix formalisms assume that the air cav­

ity within the mcdium is sufliciently small such 
that it cloes not aller thc elcctron fluence in thc 
rnc<lium. Thc Bragg-Gray formalism uscs unreslrict­
ed slopping powers averagcd ovcr the slowing-<lown 
spectrum of only thc primary cleclrons, while Lhc 

Spenccr-Allix formalism uses rcslrictcd slopping 
powcrs avcragc<l over Lhe slowing-down spectrum 
of ali generations of electrons. 
It is evidenl from Equations ( 1) and (2) that thc 
dose in me<lium is proporlional to Lhe measured 
ratio Q/111 which in principlc should bc straighl for­

ward to <lctcrminc. In actualily, Q is casy to meas­

urc accurately in clinical bcams, howcvcr, 111 is al­
mosl impossiblc to dcterminc with an accuracy of 
bctter Lhan 1 °1<, rcquired for clinical usc, precluding 

Lhe direct use of Equations ( 1) and (2) in absolute 
dosimelry. Thc standard rnethod for obviating this 
problem is to. calibrate Lhc cavily chamber rcsponsc 

in a known reference radialion ficki which has bccn 
calibratcd previously with a standard free air ioni­
zation chamber. This dctcrmination of the chambcr 

calibration l'actor is actually an indirccl mcans of 
delcrmining thc mass of air in thc charnber scnsi­
tivc volumc. The charnbcr calibration factor in con­
junction with various Lrouhlcsomc corrcction fac­
tors is thcn used to dcterminc thc <lose to thc me­

di um. 
Invesligation of Equatio11s ( 1) and (2) has re­

vcalcd that al lcasl for small 111 thc ratio or Q/m is a 

<levelopc<l an uncalibrated, variable volume, ioniza­
tion gradient chcunber ( JGC) capable of measuring 
the absorbed closc directly in an absolute manner. 

Thc chamber dcvcloped by Klcvcnhagen was maclc 

of Lucitc and required the use of a water tenk for 

closc mcasuremcnt; thcrefore, corrcctions for the 
density and flucnce diiTerenccs betwcen Lucitc and 
waler had to bc considcrcd. Our chamber material 

is thc same as Lhe phantom material (polystyrcne): 
consequently, thcrc is no nccd ror such corrcctions 
to thc mcasurcd signal whcn dctcrmining thc ab­

sorbed closc in polystyrenc. The determination of 
thc absolute absorbcd dose for clinical photon and 

clcctron beams at a given clepth in phantom with 
thc IGC is bascd on lirst principlcs, is simplc to 
evaluale, and agrces well with rcsults obtainecl wilh 

standard calibrated ionization chamber techniques. 

Materials and methods 

A 7 cm diameter polystyrcnc piston was fashioncd 
to move inside a cylindcr bored along the center of 
a 30 x 30 x 8 cm1 polystyrenc phantom. Graphitc 

dag was paintcd on thc top surfacc or lhe piston, 
and a 1.5 mm decp and 0.04 mm wide groovc was 

cul Lhrough thc graphitc surfacc inlo the piston to 

form lhe 2.004 ( 1 ± 0.001) cm inncr diamelcr mcas­
uring clectrode and Lhe guard ring or lhe chambcr. 

The mcasuring electrode and lhe guard ring are 
bolh conncctcd to ground (Lhe mcasuring clectrocle 
lhrough an clcclromcler) wilh eleclronically shield-

r 

polystyrene enlrnnce window 

. ________ --., . � _ / .. ee:;:�'.�rizing electrode 

II,, , 1....: 1 

constanl allowing ils rcplaccment wilh thc derivate s,m 
dQ/d111, rcsulling in lhc following modil1cd Bragg-
Gray and Spcnccr-Allix rclationships for lhc dose 

in mcdium: 

and 

1') 
dQ 

-W S-;,,,,,,, 111('d = -

1
- air /lir 

( lil 

dQ ·-· -,,,,.,,fJ111nl = -
1
- YV11ir Loir 

(/II 

(3) 

(4) 

The advantagc to lhis approach is lhat , in conlrasl 

10 Q/111, dQ/d111 is relalively casily measurcd accu­
ratcly making Lhc modificd Bragg-Gray and Spcn­

cer-Altix rclationships dircclly applicablc in abso­

lutc closimclry. Similarly lo Klevenhagcn,9 we have 

- micrometer head 

Figure l. Schcmalic diagram or lhc ionizalion gradient 
chambcr. 

cd cables. Thc polarizing clectrocle consisls or a 

0.5 mm lhick polyslyrcne disk painled wilh graph­

ilc dag and fastcned to thc top of the largc phantom. 

Thc electronic potcntial of Lhe polarizing clcctroclc 

is maintained al ±400 V with respect to the collecting 
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electrode. The separation betwecn lhc polarizing 
and measuring electrodcs can vary between O.S mm
and I O mm, and is controllcd by a micrometer 

mountcd to thc phantom body. The movcment of 
the piston (i.e., change in thc air scnsitive volume) 
is monitored by a calibrated distance trave! indicator 
which is accurate to within O.O I mm. In Figure I we 

show a schematic diagram of thc IGC. lrradiations of 
thc gradient chamber were performed with a cobalt-
60 gamma source, photon beams in the energy range 
from 4 MV to 18 MV. and electron bearns in the 

nominal energy range from 9 Me V to 18 Me V. 

Results and discussion 

The specific design of our IGC allows us to deter­
mine dQ/dm of Eq. (4) with relative ease and a high 
degree of accuracy. Since dm is directly propor­
tional to lhe change dz in electrode separation, we 
can write Eq. ( 4) as follows: 

/),,,,.,, = (_!_-) c/Q pA d7 
\V,nrl!/i:I\',

,. 
(5) 

with p the density of air at the ambient temperature 
and pressure, and A the area of the measuring elec­
trode. 
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Figure 2. Thc rcsponsc or thc ionization gradient cha1nbcr 
as a runction or elcctrodc scparation. Thc chamb<čr was 
cxpos<čd to cobalt-60 radiation (lield-sizc: 10 x 10 cm'; 
source-surfacc distance: 80 cm; dose rale: 86. 7 cGy/min). 
The buildup region consisted of 3.7 111111 or polystyrcnc. 

As shown in Figure 2, thc responsc of our ioniza­
lion gradienl chamber Lo cobalt-60 radiation varies 
linearly with eleclrodc scparalion (correlaLion coef­
ficienl ;::: 0.99995), with dose (irradiation tirne) a 
parameter. The chambcr response is representecl by 

the measured change Q corrected for the chamber 
collection efficiency l0• 11 at the polarizing voltage of 
400 V and given electrode separation z. Ali ioniza­
tion response curves for positive and negative cham­
ber polarities intersect at the same location on the 
x-axis indicating the true zero electrode separation.
We purposely did not calibrate our electrode sepa­
ration to this intersection point in order to empha­
size that there is no need to determine the separa­
tion in an absolute manner: only the relative varia­
tion in· electrode separation is required in Eq. (5)

The slopes d
Q

/c/z obtained for the given doses in
Figure 2 depend linearly on the dose as shown in
Figure 3. Similar results were obtained in pulsed
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Figure 3. lonization gradient dQ/dz as a function of thc 1rr,1Lha­
tion tirne. (dQ/dz was detennined from data of Figure 2.). 

pholon ancl cleclron beams showing that (i) the 
charnber response is linear with dose and (ii) dQ/dz 

may be measured with a high degree of precision. 
In Tables l and 2 we show how the ionization 

gradient chamber meets its main objective: the ab­
solute close cletermination in clinical photon and 
clectron bearns, respectively. Doses determined at a 
givcn depth in polyslyrene with a calibrated Farrner 

chamber and the AAPM-TG21 protocol for photon 
beams rn1d AAPM-TG25 prolocol for eleclron 
beams are cornpared with closes determined at same 
depths in phanlom with our polystyrene ionization 
gradienl chamber. Tables I and 2 also givc oLher 
rclcvant parameters used in the absolute dose meas­
urements with lhc ionization gradient chamber. The 
discrepancies between doses determined with our 
uncalibrated gradient chamber and those obtained 

wilh lhe calibratcd Farmcr chamber are at most 
1.08 % and 0.63 % for photon and electron beams, 
rcspectively, at ali clinical energies indicaling Lhat 

Lhc ionization gradient chamber can be used as an 

absolute dosimeler. 



loniz.ation gradient dwmher in absolute J)hoton and e/ectron dosi111e/Jy 141 

Table l. Mcasurcrncnt of photon <lose with the ionization gradient charnbcr. 

2 3 4 5 6 7 
Photon Depth l P�* -'(///' dQ/dz Dose (IGC) Dose (TG 21) % 
bcarn (mm) (llC!///1(1) (cGy) (cGy) diffcrcncc 
Co-60 3.7 1.113 8.274 83.41 83.18 +0.27
4MV 10.1 1.108 9.640 97.26 96.79 + 0.49 
6MY 50.1 1.103 8.313 83.81 84.23 0.49 
IOMV 50.1 1.094 8.886 88.11 88.36 -0.29
18MY 50.1 1.078 9.397 92.56 93.57 -1.08 

(1) photon bcam energy; (2) depth d in phantom; (3) ratio of rcstrictcd stopping powers2 (!'.. = 10 keY); (4) measured
ionization gradient averaged ovcr positivc and negative polarities and correctcd for charge rccombination; (5) <lose measured 
with ionization gradient charnber; (6) dosc detennined with thc AAPM-TG2I protocol'; (7) percent dilTerence between (5) and 
(6). 

Table 2. Measurcment ol' electron dosc with the ionization gradient chamber. 

2 3 4 5 6 7 8 9 
Elcctron lio Dcpth f(,I} [1111/r 

...,11,r dQ/dz. Dosc (IGC) Dosc (TG 25) l)() 

bcam (McY) (111111) (McY) (11C11111r1J (cGy) (cGy) diffcrcnce 

9McY 8.1 15 5.24 1.017 10.469 95.56 96.01 0.47 
l 2McV 10.8 15 7.96 0.988 10.825 95.83 96.44 -0.63
15 McV 13.5 10 11.60 0.964 11.233 97.74 98.21 -0.49
18 MeV 16. l 10 14.42 0.952 11.484 98.94 98.51 +0.44 

( 1) clcctron bcarn nominal cncrgy; (2) rncan elcctron cnergy at phantom sur[ace; (3) dcpth d in phantom; (4) mean clectron
cncrgy at dcpth d; (5) ratio of rcstricted stopping powers2 (!'.. = 1 O keY) at E(d), (6) measurcd ionization gradient averagcd
over positive and negative polaritics and corrected for charge recombination; (7) dose measurecl with ionization gradient 
chamber; (8) dose dctermincd with AAPM-TG25 protocol'; (9) pcrccnl difference betwecn (7) and (8). 

Conclusions 

Uncalibrated ionization gradient chambers built as 
part of the phantom in which the dose is measured 
bebave as Bragg-Gray cavilies and can be used 
reliably in the delermination of absolute dose. In 
conlrasl to the dosimetry wilh calibratecl chambers, 
the closimetry with ionization gradient chambers 
appears simple and requires no troublesome correc­
tion factors to account for charnber properties ancl 
for the unavailability or high energy photon ancl 
electron calibrations at standards laborntories. With 
our gradient chamber design, no curnbersorne appa­
rallls is required to measure the j)late separnlion 
absolutely in order Lo deterrnine tile absorbed dose 
in an absolute manner. The charge per unit air rnass 
gradient can be measured accurately (Lo within I %) 
with relative ease in a carefully designed and pre­
cisely buill gradient chamber. This irnplies that ab­
solute dose rneasurernents with ionizalion gradient 
chambers could be added to the other three cur­
renlly known absolute dosimetry techniques: calori­
metry, chemical (Fricke) dosimetry, and standard 
free air ionization charnber. 
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