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Agd JFeo] a7t +5%8 e tdhn Axsta Yoo,

aseg A Fe] J3s 4L WAMAES JRo] HE wl$ Fo8 gioly
WA S FR, AUA, 2APES ] ©E &G dF2Ho] 27T Yt}

JAZHe) A e BAHIFe A2 #(onization chamber), W EA S} WALA A
2718 ol&% TH FA %] /st AA 2AW Holo ME AFEIE 2SI}
AH S ol &3te] AFHolof stez AP A4 =AY 74 AE) 2ol that B
BAA7E A HE&E Aol FFEAFY JHAEE st o

AT HAFZAE A AU L vlF 82253 (AAPM)?, 3 FH 422 g 3] (HPA),
A WAL G A A3 (ICRU)Y, FAYAE 7| F(IAEA)?, B4¢ %%%aﬂﬁl(NACP)"
oM RS Aok A AAFoz M g AAeHT Y AFgERWe u2e)
gEes oA AR} TGAZEZEZ(1983, o138t TG21)H A QAR 7+ oﬂfﬂ A g &
IAEAX= 2 ¥ Z(Technical Reports series N0.277.1987, ©}3} IAEA)©] Q1o Z WM E o]
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ZxW o} zlold 3 AVBAS Yoty 3 AhE FLAHFTL v BT ZA
2R A (Ae), Aty LAE Yol Hux| gtrh

M= Y g

1.7 =

2 dA7E g8 Alg" A2 0.6cc Farmer-typel 24

1) PTW N30001(Wall : PMMA, Buildup cap : PMMA, 543 | Aluminum 1.0¢, wall

thickness : 0.053 g/cnt)

i) NEL2571(Wall : Graphite, Buildup cap : Delrin, &4 A= : Aluminum 1.0¢, wall thi

ckness : 0.065 g/cm) oo

A A3 S =A817] 43 M)A E= Kethley Electrometer(Model © MK 614) 2} Vic-
toreen Electrometer(Model : 500) & ©]&3}5th

olE HMgHd ArIAE kT FL 2FE olFo FAHUG

(1) PTW ion chamber + Keithley Electrometer (©]3} PTW + Keith)

(2) PTW ion chamber + Victoreen Electrometer(e]3} PTW + Vict)

(3) NEL ion chamber + Keithley Electrometer(©]3} NEL + Keith)

(4) NEL ion chamber + Victoreen Electrometer(©]3} NEL + Vict)

2 7t4 7] (MEVATRON KD, Siemens, USA) el A 2 =& 6MVE =}
712l 2% diE BNy, nAEAYE, Zoaddiagdo e S
IAEAZ 7 g whet FA skt
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3L TG219 A FolE wstoh (& 1).
TPR} =¥ W% 71449 (nominal accelerating potential,
22 49 97079 E 100cm= 3132 #E HH o)A 2 ZALeE7} 10cm X 10
o WA 10cm 2 20cme) Al9] HEAHZFE(TPR)HKS =43kt

cm7} HEE31o] W@
(2¥3)
1. M¥Ed =
Energy Depth dy SSD
(MV) (cm) {em)
6 5 100

SsD SDD SSD
100cm 105cm 100.05cm

I\ I\

Field size
10x10em 2 Field size
10x10cm 2

. \ S, y 4.9 _] .
Detector Detector
water
Solid Water Polystyrene

T 3. MBEHES 9let J(sieE X
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TG21A M= FA ol A FAAHA 255 st WA F3 o] HEE 3
Fo JAEA N = %;Zi%—"é A ZloPE H g3ty FRAANAME 0.75y(A e g ukE)
i ol B AZT(E2, 184 SAM A 22 2"WA A$ scaling factorE o] &3}
B9z Q’&?}C’q £33 HollXe &g A 38 SAHXAY TS
F3R Aolrk Boluvs #hEe dHAE 33 o3 FHANE HTdd A

2,

J

Mo o Malgel RESNH

[ == N =

3

Energy Referance depth Effective point of measurement
(MV) (cm) 69)

6 5 0.75

—_—_— - . . " Extended Petector
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1) Ngas: ND

Loevingeroll 93] 7i2d Ao waly TG21ME &%, 718t ol43 &80 AR
A71A g 2 ol X 3718544 % 24 Al 5= (cavity gas calibration factor) ] N, 718 <
A3tk
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TG219 Ny= EF7|B0 2 RE dojzl AR 3 A S Ntez g o9 40
os) @od 5 Ao
Awa foni wa
Ny - KW ) A yatiA ionBatt 2

* a(L/p)wal (;en/P)ZZn

A7 k= &9 ZAE 9 AT I WA E AstEFoe =4 258X107C - KgT'R
L Wes F710A AAE oY AAAINE 20" HIFAUA, AL & AT
ZH

L

A 22715 2 (buildup cap) A 13 B=pA 9 o} Atghd] Oid TAAE Bl FF
A FE7]vkeke) v, (L/p)sie Adte] FSo)M e 7hxag Hejay 2a3e] J7
ZEAZAAT ¥, (u/p)4E 719 Al 2Ane HF A4z FoA %5
¥, ge AT B s = AL 93 Agugolr)
dalgy 3R HFFUFH BZ0l ME UE o
N, W @A 10w wattBran (3)

= N T ot + (=) (LIp) X hal ),

Fgel s wAgE 2l % daul gl
IAEAE TG219) N8 2e ojvle] 37 549 ZAAFA NlE e g3 2o
BT

ND = Nk(lﬂg)kawkm <4)
A71M N 57170 LA AT L g 23 3zt duxe AFHAHdoR &
PHE ELEEA “ColA gt % 0.003°]tt.
ke deldes AZFS7FHEA0A duAg s TA Y 2o g 2A3AS, ke A
TG AN defduF AFEorTHe F7) HE 0 did AT EA
km = a/Sair.\\'al] (;en/p)wa]].air + (1_ a’)Sair,Cap (;en/p)cap.air (5)
A7NA S AT EAR F7)4 o] HIAFAAFH 1L S, A2 Y o]
ARZAFH 242 gD S, 2e 479 AFolth (h./pe.d NFE7HFH



A3, g, M4, A9, FAE

A% F799 FAUAFFAFY vtk o(1-a)& NoolAe o,(1-a)% 2&
o] ulo]t},

IAEAS A= TG21ol M o] ZAMT & A AS N A F71A 0 Y AU NeE AHS- 81
Qv Nt Ne® A=

(W/e)Nx = Nx(1-g) (6)

wa}A] Ny = Nx - W/e - ¢))

1—g
2 Yehd & ok
2) Bolre FrdE

TG21 ZAYANE LAUA FAdZ A mAN ALETZRAM F olfd=
PMMA, Eﬂ*%%ﬂ BEE AT F don AR T
Fepago e F5UF D
DPEste(dy) = M Ngas (Z / p) g;stic « Pion * Pwatl * Prept (8)

o 2(8)& Bol W@ FLAFOR wphe
D\Vater(do) = Dplas{ic(do) * (;en/p) Z}Zéet;’c b ESC (9)

Aoz veld § o
M:do ZRololA £x9 7|gte] BAHE AJAG, P, ol AZY &4 dT
AAF, P, Ay 225 S A(BD) Y 2ol AF BAASF, P, #E T2
Ay @ F72 Aol O el A FFAL W dg BAAF, (u./
pyur : Zetxelo) td Bo FAFo iz FFASH, ESC: EARE A vud &
g9y Agolyt PMMAAE A A dolits dbgate] ko df§ B olr)
IAEAd A& FxpAe] thah F4A% 44 EREwe 488 28 Axnsta o
NN&Edo] dollXe Eo FFaFe

).

Dy o) = MuND(SW.air)u Pu - Peat (10)

Aol ofste] PG U
71N Ny 37 F54% 2ZASF2A 4@, (DA
ND = NX(W/e)katL- km (11)
2 288 4 Jdu A0 Mue 2%, 718, §5, ol AZ2Y £4o) nAHE A
1A oz A 71ZZo] dol Malge] Wyt (internal radius) 2] Al (2 v 3 2 A
=248 ol FAMAM Y =075 oItk (Sy. )T 719 U B9 Ho AIFAAT
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MV 54 29) Waeh Z4%e] Aolo] ojst Au) Adgte) wm

Zn o &

1. No—Nes H| W

HA TG21 IAEAY A 283 No. D Npghg v ustgch
21(3),(@ N A Np, Noool vl =

ND NK (l_g) katt km 1 (12)

Ngs ~ kENx(WeAim Auan R " Buau

22 yegdg i,

A7 BPe A (3)ollA Bre d5z A JAEAY k3 2L gwlojt}

21(12)) Ve No, N, ke, 2 & A Q gl ol O ALZY v E &
3o et AT

PTW+Keitholl A= 0.3%, PTW+ Victol A= 0.2% N, 3kl @A Vel o m, NEL+Keith,
NEL+Vict] A& 04% N, gkol =7 vehgo

No9t N, @t zbolo] digh 2 e F T2 EZZh] ALSH W/eate =fole} A
g AFFIHFY T2 v57H ] g A A S, kmell 98 Aoz Ao R

x3 F W] A3 JFEL w9 2ol (TG21 : 22C, JAEA 1 200)E 3ste] A7)
oA Aeld mAAC H8d &5 Uit NS B Folof gt

E3. Ngs, No 842] Hi
IT Ngasor ND
. Chamber Protocol W/e ke Kn [ .
(x10° Gy/C)
} IAEA 33.97 0.990 0.982 1.000 4.761
EPTW + Keith TG21 33.7 0.990 0.982 1.005 4773
: Ratio 1.008 1.000 1.000 0.995 0.997
IAEA 33.97 0.990 0.982 1.000 4.745
PTW + Vict TG21 337 0.990 0.982 1.005 4.754
Ratio 1.008 1.000 1.000 0.995 0.998
IAEA 33.97 0.990 0.994 1.000 4.008
NEL + Keith TG21 33.7 0.990 0.987 1.005 3.993
Ratio 1.008 1.000 1.007 0.995 1.004
IAEA 33.93 0.990 0.994 1.000 4.054
NEL + Vict TG21 33.7 0.990 0.987 1.005 4.039
Ratio 1.008 1.000 1.007 0.995 1.004

TG21W A AF8-3 Wegke D23 7 (dry ain W4l &£#% 7] (ambient air or humid
ain oA} dolz Ao g JAEACNA AFE3 23 F7|oiMe grcol 0.8% ¥ Frolth
A A 5o 9} AF R F4ASE 7 T3} k.9 k9] 2FolE TG2191 A+ Bergersh
Seltzerol] &3 o]E4lo) sl A AATEHS AFESI ol W3] IAEAIAE

__94_
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Andreo3®ol 2% ez =z W] o3 € g &3t ok

Ed Ao] gky Ay EAN MFF7M5H E-ol M2 2L PTW cham-
ber 4 k.o Aol7} && Aoz Jeh} dAudeie] FASG B A@FIHFHEA
New Npoll 8EE FE AL ¢ 5 Utk

AA AP L AVAS ZFo] B2 N 2 No@ke] ZolE 05% ol 24 Ael7t &
Je o8 84E 1YY B FS 2AE JEh| Utk

A
¥

Dlul,qEA (do) _ Mu NDr (Sw an') Pu 1 Pcel
DZQl (d()) N MPizm Ngas (L/ )warer Puall Prepl 1

13

oz wsd el AFY e F Ak
AP EAo] olmz A(8)14e Plastic?h A(10)o14 Eol WA =Yk
TG21ol A 24 dol Ael@el F4%0 YAFES k1 0w [AEAIHE elgel
A G W7o 340F AP H9EOE BN FE ZHYY AEL

FEHAE

Tddte] 1 Heldlx o FHARE AAFA ok &, TG = 7E 2ol dolA
g Faol FoluF s IAEAdIAE dol xmfﬂ WA (e 07572 ¢ U
Y=ol Al e = 1c] w2 gt gk AelFAEago] BAHE AX A ke d,+0.
7507 dyo A o] AR vl i 8 (percentage depth dose, PDD/)J—}‘ 2o,

= M, _ %DIdy + 0.757)

5 uP, " %DI(dy) (1)

T EREZEAA FAZ0)Y Aole AFBEAAFTA P Pl dFE v W
Ea —‘T—Xj?‘ﬂ'r“ Pni '7‘

TG218] P, 74 BAAS P9} 37 B84 B+ god pe
a3 AYE 35 *1 @ BFALE 2N AN AL FUAA FE 292
8 BT SULOR B A L ERAL 03 o AaBe 947 Ha94
B ol owovmg% 2 (RALA build wpB S AALAAE LE Gl 9

304 M*mcham) olFe] AgolA N FHA BRAX

g o sieh. webs Al
_—’XAO] Hg3tA ¢goew # ]'){j-/] ‘?‘Oﬂu Prn= Pgrola}_ ) ‘/“l: 9}\

IAEAI A e 3 AES 718Z (Aol 0.75rHES T XA A% &
P.ol i3 2L sixe A Zo) IAEAAM 9 P.E A gdsol ¥ &
Ao A Aeldd 23] OF dYPoez PR A YA} AR F

W BAgAFot BN HAAF A o] Foe FFAL 1H0)
22 P TG219 P 22 9uizt 2 #30th

PolA o A U2 HAAd 23 W 7104 B F Held vg=2A
TG21o1 A= A @ FA o we HEIFEHAMNNAP) o] §524 JAEAIAM = A28y
FA wE TPR®,Q &F=2A #ASZ §)

Al gy F4AHF A3t 9= Rogers”, Kristensen® 59 988 F 43T 4o



SMVEALAM 23 2] wsket ZHye) xfolo) o8 My HYgkel vz

71 v157Hg017] w&o BAS Fojof Fja uE) 3 Q) o] ol odtd FAATE
dFvFoE T Ay A 8L F/157 B2 2RAET & 08% S} Fon
BEaustn glom A of djuA el FAAFY T we} o] § Factord& WdHA o

2 dFAAME YA 4T FAMVeldl, F4AF2 v+ 05mm) ol ot
P.ol 10122 123tA] st

A AHEAA 02 &4 vaXNE B0l el AT
F ZREZD vudgA BN E HTE 06% ZAZAHAAE 09%2] oz
1% olWe] zol& BHAF5 Alt}

ENYT AAERNGY FFAAFE v B 6MVAlA 1.96% 9] Aol & Holx Qi)
FFATFL Aol —‘a‘ﬂzi—c A, AEARF Y F503% 240 H48 AFAAS,
AFNIA FFATT @50 EHHAAY gg AL EA4, 2AEANY F(slab)
Atelell F71tA (air gap) & LA S AL W) FrI-go] Aol Y& F UL AA,
WAMA S ZAME O 2 Q3] LAENY EF B2 383 Halst A2 ¢ U7 gl
A7 1AEA, TG219M = LA EHY S AH3A ¥ oy B2 7Hgste [AEA, TG21
Z2EESS AT BY AP E dotE] 9% o 6MVAA —26% ~ —0.7%<

1

fl

)

—

2t A
apolE HojFo g YN AAEAYHY IS nejslor & Ao Atz €
VM. Tello52 128 2ol €9 & AT WA2Z AASAHAM dF SAHAS
H A F Zol(Dndt T7HEF Hol(g/em)2 & g A3t Ut
E4. 6MV XM IAEAT TG21 EFAHERS Bl
M. M Secair P, 1 Diaea
Chamber | Phantom "
M * P, M'm (L/ p)"”"m, P P, repl Drea
| water 0.998 0997 0.991 1.0006 1.008 0995 |
PTW+ Keith
Solid 0.993 0.997 0.991 1.0001 1.007 0.988
. Water 0.999 0.998 0.991 1.0008 1.008 0.998
PTW + Vict
Solid 0.991 0.998 0.991 1 1.007 0.987
Water 0.991 1.004 0.991 0.999 1.008 0.993
NEL+ Keith
Solid 0.992 1.004 0.991 0.999 1.007 0.993
. Water 0.991 1.004 0.991 0.996 1.008 0.990
NEL+ Vict
Solid 0.995 1.004 0.991 0.998 1.007 0.995
Water 0994 + 0.003
35
Solid 0991 + 0.003
T 6MV ZAtde] e EdY, yAEAY, TR g FHAFE U
el glch ZE]~dddY e JAEA T2 EZdA e AASA 7] B TG2l ==

ES AT g5
ga9s Zelagd B9 Age oled Aokt B ATANE 154%2)

ol g Bol 5 gow Al 235%9 AolE Belx: gtk o)t FeidARL ] A §5HE

ARAA 58], ARAUAFSEASFE G5 443 Do) AEA L2 A= o)
e @ A2 AL F Uk F, 5 5 e

Agatn i WA oA gol ok Rolth =g DATAYN A AFAtol
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I5. PTW+Keithley, water0l E &t eMV ZXIM | A EA2k H|ln
r Chamber Phantom D (cGy/mu) Dien(cGy/mu) ]
| Water 1012 1.009 }
; PTW + Keith Solid 0.992 0.997 |
| Polystyrene 1.001 }
1 Water 1.009 1.004 ;
' PTW + Vict. Solid 0.984 0.988
Polystyrene 0.989
Water 1 1
NEL + Keith Solid 0.975 0.975
Polystyrene 0.977
Water 0.994 1.008
NEL + Keith, Solid 0.987 0.984
Polystyrene 0.993 \
b Ein 0.994+ 0.011 0.994+ 0.010 1
@714 7] 6MVXe NEL #2] %3} Keithley A7IAE ol &3] EdA 1cGy/ IMuZ T A

A5



MVAHel ) &7 Zie) wakeh 2w Aolo) oJg W) Uakgrel )i

abs.dos Water

—»— |AEA
—©—-TG2

1 w

0.9 1 1 J

PTW+Keith PTW+Vict NEL+Keith NEL+Vict
chamber+Electrom

abs.dos Solid water
11

— [AEA
—-o—TG2

14

w

0.9 1 1 )

PTW+Keith PTW+Vict NEL+Keith  NEL+Vict
chamber+Electrom

1 Ratio Diaea /Drg2i

—¢— Water
—6— Solid wat

1 g ———a————xy

0.9 1 1 ]

PTW+Keith PTW+Vict NEL+Keith NEL+Vict
Chamber+Electrom

T2 5. BHE, THSMHIN 6MV XS] B4MEt ulm
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Hald, w8, Mud, Aed, &HE

abs.dos TG21 Protocol
1.1 ¢

—»— Water
—e— Solid wate
—o— Polystyren

X

1 —¢

1 1 -

0.9
PTW+Keith PTW+Vict NEL+Keith  NEL+Vict
chamber+Electrom

' abs.dos IAEA Protocot

—»— Water
—o— Solid wat

0.8 L :
PTW+Keith PTW+Vict NEL+Keith NEL+Vict
chamber+Electrom

12! 6. PTW+Keithley, water0f| ZTF&lst 6MV ZXIAM o] Al E4412F H|1
z =

Mz zgor oy 2t 23 TG21
FIFS FA A e e 242S

6MV FAFH A Aol st M e HE, A7)
I IAEAZ A Wl M) gt wskel Ao A 5
weg F Addh

1. 2709] A7iAe 270 9] el 2gol @hE TG21 ¥ IAEAS] N,, Nogtel vl HaF
22 1%olWelA dX FAh

2.3 Mz & w2 i A2 T E A € FAVA 28 & 12717 8=
ol 3t FHAFe W3le F 06%Y Ao)E HAFu ith

3. 499 AAg @ AVNA 2Fo] distd BEdd L uAE i3 TG21 , IAEA
= ol A3 FA o Mslekite] 2 & Bo F3gloyy 1 Aolyp Hat
1.96%% BYo g nAEAG] A F5 dolle 28X ¥ Ao2 Alg®d.

4. TG21 ZA YA & B9 Zo2gAddegd S o] &3 Ao T4 %3] 154 %2l
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at o]lE& BJozH dAYuj A e H|I Factor7} TLEY A o2 Arg ")
S, FA, A7AT 8 26 A F5-AFg 2olst TG21 2 1AEA

Z2EINN 1%008 £ A4E BaFD Qo FuFQ ek Pl AW Fglol

Zo Aoz Yiglogx AR A AN JFL =3 ore-g o 4 g}k tut

ZHYS LT o B A7 Aol 2 el & Jomz ZRYAA AL e
AL S AT 2E AR o)A 1 oo A9 BN g st Aol o
g AAHoz T AgdE 3 £ 29+ 92 Aoz Azed,

SN :a
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Abstract

The absolute absorbed dose can be determined according to the measurement conditions ;
measurement material, detector, energy and calibration protocols. The purpose of this study is
to compare the absolute absorbed dose due to the differences of measurement condition and
calibration protocols for photon beams. Dosimetric measurements were performed with a farmer
type PTW and NEL ionization chambers in water, solid water, and polystyrene phantoms using
6MV photon beams from Siemens linear accelerator. Measurements were made along the central
axis of 10cm X 10cm field size for constant target to surface distance of 100cm for water, solid
water and polystyrene phantom. Theoretical absorbed dose intercomparisons between TG21 and
IAEA protocol were performed for various measurement combinations of phantom, ion chamber,
and electrometer. There were no significant differences of absorbed dose value between TG21
and TAEA protocol. The differences between two protocols are within 1% while the average
value of [AEA protocol was 0.5% smaller than TG21 protocol. For the purpose of comparison,
all the relative absorbed dose were nomalized to NEL ion chamber with Keithley electrometer
and water phantom, The average differences are within 1%, but individual discrepancies are
in the range of —25% to 1.2% depending upon the choice of measurement combination. The
largest discrepancy of —2.5% was observed when NEL ion chamber with Keithley electrometer
is used in solid water phantom. The main cause for this discrepancy is due to the use of same
parameters of stopping power, absorption coeficient, etc. as used in water phantom. It should
be mentioned that the solid water phantom is not recommended for absolute dose calibration
as the alternative of water, since absorbed dose show some dependency on phantom material
other than water. In conclusion, the trend of variation was not much dependent on calibration
protocol. However, it shows that absorbed dose could be affected by phantom material other
than water.



