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*rad: radiation absorbed dose Gray

(1905-1965)
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MMxpHS: {0t}

|I|0}

Mol £H4|(1)

Phantom
Separate the phantom into
photon blocks of uniform thickness.
beam
AVAVA
W—b
W
W
/W\_.
AVAVA .
block 1 block 2 block 3 block 4 block 5 block 6 block 7
%*RM%P—MEO'MWO# 100712| MA}E BHE0|U= A2 7#"
HAAe| BHO|H A= 15t O|H 2| & &2 MA= 4719 &3& O|l=sHA &




HXPEE: Aot S+ H4|(2)

Phantom

photon
beam

/\/\/\_’ 100 "e" set 100 "e" come
in motion to rest

N

AVAVA.

block 1 block 2 block 3 block 4 block 5 block 6 block 7

==10M ddE At 4709] S35 0[S0 =3 50|M HE



photon
beam

AVAVA

AVAV A

AVAVA

el

s ko) -| |- |- s L I=O| I |
HXpPE<: Aol SMEe| £H4|(3
100 "e" set 100 "e" come
in motion to rest
100 "e" set 100 "e" come
in motion to rest
100 "e" set 100 "g" come
in motion to rest
100 "e" set
in motion
100 "e" set
in motion
100 "e" set
in motion
100 "e" set
in motion
block 1 block 2 block 3 block 4 block 5 block 6 block 7
o 4 o =L [ (.
Ao A2 SHZ Sifot= HO|A O|H R Lal= Qe A= Ut
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photon
beam

100 "e" set ﬁj‘"e” come
AVAVAL :

in motion to rest

100 "e" set 100 "g" come

AVAVAS . in motion to rest
100 "e" set 100 "e" come

W in motion to rest

100 "e" set
in motion

100 "e" set
in motion

f\/\/\_, 100 "e" set
in motion
100 "e"set \ |
AVAVA-. in motion

:
®

block 1 block 2 block 3 block 4 block 5 block 6 block 7
= 50]| Al HAFEAO| HE0| ARTE|H, Ao Z4l7t 9l= of O|=2| S-H0|M=

A
HAFEYO0| dEe. (350K = 10071e] A HE=4

Als=At0l| ot £20| EdotA| = ot HOl=5+ 1 JE
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photon
beam

MMxpHS: {0t}

100 "e" set 100 35 come
in motion 100 "e" set
in motion 100 "e" set 100 "¢" come
in motion 100 "e" set \ to rest
in motion 100 "e" set\ _—
in motion 100 "e" sa\
in motion @
in motion
block 1 block 2 block 3 block 4 blo’gck 9 block 6 block 7
Cerma First without attenuation of the photon beéam

-
-
-
-

——

- -
-

Note that after block 5 Kerma
and absorbed dose are equal.

depth
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XXIHad: {0} S4AMako| 2 A|(6
— O O =H I LLO—| -
photon
beam
100 "e" set 100 "e" come
/\/\/\_’ in motion 95 "e" set to rest 95 "e" come
AVAVA: in motion 90 "e" set to rest 90 "&" come
in motion 85 "e" set to rest
W in motion 80 "e" set
/\/\/\_’ in motion 75 "a" set
AVAVA: in motion 70 "e" set -
in motion
AVAVASS
block 1 block 2 block 3 block 4 bldck 5 block 6 block 7
First without attenuation of the photon beam
Kerma H
ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ Note that after block 5 Kerma
o--=TTT 'Absorbed dose and absorbed dose are equal.
depth
Kerma will now decrease by 5% for each bloék of tissue.
With attenuation of the photon beam.{ Apsorbed dose will start low in block
{ 1 and build up to a_maximum level in
: block 5, which will be at a higher
level then Kerma, and then decrease
Kerma : from there on.
I — ____f_:-—-—--——*—-:‘—‘:‘i‘:*_h_—-_—_——_ _________
dvENy ——
SAAM2FO| = F 2| % S SAM2 O — A
S| 2|tigf A8 0| 544 > KERMAQ! 0|7 = Of|HZ| Z2]
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p air p tissute —\ﬂ

K:‘is.sue _ (ﬂ r /p ):‘is.sue u u Mr u u iz;f;
- a tr tr en

Kafr (/un* / p)af;«

all =(‘U”'J-(l—g) g MESMESEURELEE

P P *1 e=1.6x101°C
MEsHS nf 2ol AtStE 4 MeV 0|5t &Ko TS, g =0 *1 W=34 eV (air)
Hep Hy
—=— = Dn’ssue = K{issue X = @ & dQ)=dN-e= dE, e

o, o dm W,

dE,.| e
D tissue _ (ﬂ i /p )n’.s.sue B dm .ng,d
Kafr (/un* /p)air
X =K, | 3}
. _ (‘u”“ /p)fi.s.sue K. = (‘u‘?” /p)n's.sue K = w .(‘u‘?” /p)ﬁ.s.sue X - (W air
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< MIOHCEMA)ZH?

> d9ol: B 2 detel oK

OO L-1—

CEMA: Converted Energy per unit MAss
> THRl: J/kg (Gy)
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% x*H‘J%‘(Expos re)O|2t?
C

> Mol 37| B9l T M4
2

> Bt C/kg ((E= R), 1R =

W. Roentgen
(1845-1923)

1R = ﬁ%gEH °c, 17|%*) 7| 1 cm3 (m=0.001293 g) & 1 esu
2ot of A 7|

\4
Jm
e

o

- "EXhXd/d0kd) 3 S710] CHf M 2 Z 2o
- SSHeE S EAEYO| 75 = 3 MeV O[St M2 &8 7hs
- S8 = X0 M BAEL BEE £
- AFEO| Ol Fot= 40| Oty

*esu: electrostatic unit
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o
S ZAME > SME HE (in air)

mjot

LM

| .

- O [
1 esu 3.34x10719C 1000 g
1R = X X o :
0.001293 g 1 esu 1kg 1P = 10N palr

= 2.58 x 10* C/kg

4 C 1i 34 eV 1.6 x10~1°
=258 x107%—=— X P w2227 x J
kg 1.6 Xx10~1° C 1ip 1eV

= 0.00877 J/kg (Gy) = 8.77 mGy

S ZANMZ > ST HES (intissue)  w/o
|————————— +——————_—_____Ha/pa

I
3.28 (in tissue) |

1R =8.77 mGy(in air) X i 3.01 (in air) =:: 9.56 mGy(in tissue) = [L0 mGy(in tissue)
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A0t

-

< Z0par=(Specific gamma-ray constant)Z?
> Fo| MR FElo Bhe| HAMSO| 1 m AZ|0f RS If Z0F MEE
=k Y fi E;u; [Sv/hfor 1 MBqg at 1 m]

k: EfE B8 & f S4/5 20N B F E o5 graf of LA &)

y: S O X oA S M 0) A A EFAH+

> M0 HX| A= 0.1 MeV O|H0M=
A X[Of mhef A kK] =
[=0.5Y,fE [R-m2/Ci-h]

(HTiEHo 2 We o] FZtoM = 0.60] X H)

1077

TTTTM

Attenuation

efficient cm™—"

Absorption co

10-5 1 Lol Ll 1 [ i 1 1441
0.5 1 5 10

> %IOI 01 0.05 0.1
Energy (MeV)
- Z4ote == oIEX|(E)oll B, S0 Z0 HEE ()0l vl



A0t

< Z0t&4=(Specific gamma-ray constant) 8| A| [R-m2/Ci-h]
> O Z4F > Co-60: 1.32, Cs-137: 0.33, 1-131: 0.22, Ir-192: 0.48
> T2 40t o X[(MeV)
» Co-60: 117, 1.33

Energy Photons Energy Photons Energy Photons
> CS - 1 3 7 . O 662 (keV) (per 100 disint.) keV per 100 disint. keV per 100 disint.
yio(ke) 80,185 (2) 2,607 (35
:lzt\c; 85,9 EQ% 0,0051 ET)) 74,3(0s) 1104 (3)  0,0122 (11) ~3,1(Pt) 468,0688 (3) 47,81 (24)
. yoo(Xe) 163,930 (8) 0,021 (3) 7aPy 1363426 (3) 0,199 (25) 711(0s) 4845751 (4) 3,180 (24)
> |'1 31 . 0365 wua(Xe) 177.214 (20) 0277 (7) 76,5(P1) 176,98 (4) ~ 0,0043 (12) ~9.0(0s) 480,06 (3) 0,438 (14)
Jes(Xe) 23218 (15) 0,0023 (9) 712(0s) - 2013112 (7) 0,473 (8) va(Py) 5885810 (T) 4,517 (22)
Nea(Xe) 272,408 (17) 0,0581 (15) 7 i‘t‘;: 2055‘8 9043? Egl) 03633 E;; ~o.2(PY) 503,49 (13) 0,0421 (17)
~ (X, 2R = 5 4 s » ’ Aol I3 = 5 =
» Ir-192: 0.316 %0 08 oo i) s (9 oo | |70 Sl 000 (1D
’ ’ ~7.4(Xe) 302,4 (2)  0,0046 (7) yo1(Pt) 29595650 (15) 28,72 (14) __!4-15 t) ; 5 (25) i
e 318088 7 (2 yip(Py) 30845507 (17) 29,68 (15) 2o(Pt) - 6124621 (3) 534 (8)
ve.5(Xe) L088 (16)  0,0807 (20) o 216 e (o Y6.2(Pt) 765,8 (3)  0,0013 (6)
vaa(Xe) 324651 (25) 0,024 (25) 710(PY) B0618 (17) 82,75 (21) K 8845365 (1) 0.291 (7
vra(Xe) 325,780 (1) 0,274 (8) 75,3(0s) 320,17 (15)  0,0174 (17) 75,1(PV 5365 (7) .201 (7)
Ja(Xe) 3584 (2) 0,017 (8) 73,1(0s)  374,4852 (8) 0,726 (6) 76.1(P1) 106148 (4) 0,053 (1)
y0(Xe) 364,480 (5) 81,2 (5) 75,3(Pt) 416,4688 (7) 0,669 (21) v8.1(Pt) 1989‘9 (3) 0,0012 (2)
v5,0(Xe) 404,814 (4)  0,0552 (17) 75,2(0s) 420,52 (6) 0,069 (7) T6.0(Pt) 1378,20 (15)  0,0012 (3)

ot > X 2 S1|T 2HAFM BEEF 0] Bl
http://www.nucleide.org/DDEP_WG/Nuclides/Ir-192_tables.pdf
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< ME3tH g 1HH|(Relative Biological Effectiveness, RBE)
> 7|& YA ()0 FO|T dEtdeitE Yo 7= A0 st
sot 2t €27|= Hludr AR (b)e| M| H|o| F==

~1
D D
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Committed Dose)O| 2t?
> MOl HIALS 2 13 ME(MFAH: t)ot & EX &7

s % II|Lt 2O
B0 B Sl 48 > URIIZ0] o8t BY M
> o=

ﬁ01|A1 ol 507t A0t Bl Ots2 70MI77EX| M2

OIEtSIHNZ Hy (o) = [ Hr(D)dt
et MB E() =X, wrH (7)

Hy(t) = HOe Rerst

) T HO
. Hr(t) = HY J e Merrtdt = 5= (1 — eI
tg tg+T t 0 }\eff
THRl: J/kg (Sv)
MROINE B o] BE TB0| WS HOZ HE
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S4MYT}Hot| A4

> E: 0| . X|(MeV or ))
> Mo /p: =0 H XS A2 (cm?/g)

D=® xE x e
p
< X} HOKGy) Al A
> @ SFHA(/cm?)
> E: Of| .4 X|(MeV or )J)
> W, /p: B0 EHX[HE A = (cm/g)
K=®xE x 2t

p



SXHEX S+ (Gy) ALt
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Collective
effective dose
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DR dose equivalent
Absorbed By )
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D ( \
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NN RBE.D,
LR RBE-weighted
EIZER HEIZR High dose absorbed dose
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Applications

Radiological
control

Planning &
Optimization

Dose limitation

Stochastic risk
assessment

) Deterministic risk

assessment
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Bragg-Gray cavity theory

—_ > .

Q Dgas D i air
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Air-kerma cavity standards(2009, BIPM)
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