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~ % K (keV)| i £ (keV) | #2148 |ic £ (MeV)

H - 0.014 ‘He /.1
Fe | 6.40 7.11 | 2%Na 8.4
oMo | 175 | 20.0 | SFe | 8.8

AW | 593 | 695 | %sr| 87

oPb | 75.0 88.0 |!'Xe| 8.4

U | 98.4 116 | 26U | 76
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B E = mc?

AR FE@mu)a T E 7 R S g =
[1.66x1027] (kg) x [3x108] 2 (m/s)? = 931.5 MeV
1eV=16x10"1J; 1MeV=1.6x10-13 J
T3 R =9.11x1031 kg
& F i £=9.11x103x (3x108)?= 0.511 MeV
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= — R+ F & H ~(atomic mass unit, amu) ¥ 4p § ** 5 0w £
2 (110-245 % #1%)
(1) 511 keV (2) 931.5 keV (3) 1.022 MeV (4) 931.5 MeV

n vﬁr%’?ﬁ amo BV it B gL E A kgL co BIF
w3 oN L 2 (DE=m? 2)E=mc2(3)E=m?/c (4) E=c
2 /m (111-145 % #1%)
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R | R T P
kg (amu) B &

w3 | p | 1.6725x1077 | ~1(1.0073) | 1.602x10"1

3 | n |1.6747x1077| ~1(1.0087) 0

23 | e |9.1089x103 | VIS0 Goox100

(0.00055)
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B R+ F (atomic order, 7) = F+ ¥k
B € $c(mass No., A) = F+ B+¥ F (V)
B i+ % (isotope) : 7+ #(2)4p I¢ (*°Co vs. 33Co)
B ¢ 3 % (isotone) ;¥ F F(N)Ap I (M v, 5C0)
B £ % (isobar): FE 8Pk (YK vs.4Ar )
R FEHEA (isomen):dp b 248~ 3 F &% (O"Tc

vs.2Tc)
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B g s (823
H+ TH—>H (1.01MeV) + ,p* (3.02MeV)
“H+ *H—>;He (0.82 MeV) + ,n (2.45 MeV)

B He-3& % % & B
>He + "H—>1He + p+ ,n +12.1 MeV (51%)
>He+ "H—> He + *H +14.3MeV (43%)

"He + H—3He +,n +,p+14.3 MeV (6%)
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B*& %

Py E [ pEs | AR

max

(~48) |(MeV)| (P0) | & *4rig F

HC | 204 | 097 | 99 B(d.n)''C
llB(p,n)IIC
14N(p,(1)11C

BN | 9.96 1.19 100 fC(d,n)liN
160(p,a)'*N 18
13C(p.n) N F-FDG

150 | 2.07 | 1.7 100 Eﬂﬁd’“ﬁg PET
p,l’l
8F | 109.7 | 0.64 97 thc;%m)f;
e(d,o
Ky | 747 | 1.87 82 "Br(p,3n)""Kr
. . 76Se(*He,2n)"'Kr
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¥ 4 KE (B & T )—oKH JE (K-capture)
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27C() 1600y
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45 e it i v=1.173 MeV % X B (94.5%)
. .
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i Nuclear Equations

m 0% %

222 = 4 4+ 218
222/' \ \

He+

\86= 2+84

218
84

Po
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® M3 g ehfcit > TP HERT

® M 2T +HEPF QF RN FTENF

@ Q) =FhFEFIF DFk7?- TEF X
s RS

B [ % (isotope) : F + #(2)4p = (*’Co vs. *3Co)
B ANS(2)
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Nuclear Equations

© FCHRI P BEy

?ﬂﬁiAX

raZ N

CH) & + ¢

+ BHEAp A 5 5 2(110-2 85 % Bl&R)

: (1)1(2)2(3)3(4)4

| z(z)MO : }%‘y’kﬁ%lg g é" p\ﬁ Lm4OZ7" !

- (1)1:’:/3 (2)24/} 3) 1 =
(110-2 &5 =% i#%)

s BIXe (Z=54) P87 53 50 ° 3

185 (3) 77 (4) 54

BT (4)2 =p"

? (1) 131 (2)
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i Nuclear Equations

28Um 3 pip § 5 0B 32 (1)92(2)
146 (3) 238 (4) 330 (111-1 45 = #%)

[ AnS(z)

= (3)1°B (n,a) 7Be (4) 3H (d,n) 4He

= Ans(3) 1B (n,a) 7Li
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Change in

Type Nuclear equation Representation R eelatori e Nybars
Alphadecay | X  4He + 5°5Y R’ A EIECIRASE Uy
‘ 2 z-2 a Z: decrease by 2
A 0 A A: unchanged
Beladecay: | -18 + z41Y 1 Z: increase by 1
Gamma A 0 A A: unchanged
decay Z* it S 2 v Z: unchanged
Positron Ax Do 4 o By A: unchanged
emission Z & ¥=1 Z: decrease by 1
Electron A 0 A A: unchanged
capture zX 18 +y-1Y Z: decrease by 1
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£ A8 % ¥ (Marie
Sktodowska-Curie and
Pierre Curie) ° §r b 5
(Antoine Henri
Becquerel) > F]5 I3 bt
- A= 7 1903 3 E
P38 R

https://commons.wikimedia.org/wiki/File:Pierre_Curie_et_Marie_Sklodowska_Curie_1903.jpg
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= & %(4n) : 232Th —...— 22Rn (¥ )—...— 2Pb -

s 4% 5 (4n+1) 1 2/Np —...— 29Bi(#r3 = R % ¢
%) -

s 4 % (4n+2) 1 238U —...— 22%Ra(45) — 22°Rn
(%) —... — 210Po(4+) — 206Pp -

n 4 4 (4n+3) : 235U —...— 297Pp .
[ 3H_|;;'314C: 3-'@’3&1’%)%1];5’": 7‘?%} o 14N (¢ # ):,Li_i):"\' .
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Prod R RELE PR T R ER/A
P o iR AP

» FRE(reactor) i v EEBLERE
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BREERA RS b FHIEE
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3 bt A e 13 22)

B i e B (18F 5 110> 13N,
11Cd + p (12~15 MeV) — 11In +n
m s R

¢ AN HER:
235 +1 n—230Y 131 + 102¥ + 3 n
— 99Mo + 13Sn + 2 n
— 137Cs +%7Rb + 2 n
¢ P FENY)F R
>9Co(n, v)%9Co, 2Mo(n, v)?°Mo
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(3) *K (4) 192Ir (110-245 % iP5 )

TR R AR —‘5 B> 4n+2
7 2 (1) 22Th (2) 241Pu (3) 38U (4) 25U

(111-145 % B1%)
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‘.h & 2 X% (1895)

i@ 7 (Wilhelm Conrad
Rontgen ) 3 7 X453
EE1901# 7 Eh

ELELE .

f%ﬁ/&lﬁ;

From: http://upload.wikimedia.org/wikipedia/commons/0/0c/Wilhelm_Conrad_R%C3%B6ntgen.jpg 5>
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Calculated X-ray Spectrum 100kV, Tungsten target

Tungsten
characteristic
X-ray

braking
radiation
(bremsstrahlung)

Relative Number of Photons
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Photon Energy / keV
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s & % ¥ #c(decay constant, A, ¥ = % s-l) : #}3
"’F‘i’;’ml’* *”f]‘l’*fﬁériﬁf Bk ) e
LR R - S AR TR R E'T’Ef = pF
Bl "f‘z BRI B FRULL - R 2R

n LR (haIf—Iife Tt ,) i Pfas %1 R

JJQ'{_E.__ er;F!mBi:F’& %ﬂ-p;i'}{ﬁd‘ﬂ’kﬁﬁm

ivd > A =0.693/T -

RS SUEA Y ] ‘ﬂNf@s-‘i—' L Hpts - RFHP B LR
Ken(1/2N % 5 R K ee™

. T35E &=1/2 =T/O.693

=

58



LR (Activity)

BR AR ML TR

yp}i(A).A AN # 05 % @ di NG sy
Mﬁﬁﬁ@+&°

PR #Fl i A e G e - RRENE
Lo ERRED - ¥ MR- PN FT -
Hh+ %% AEAH 1R 5 (Bacquerel, Bq)-

2 (Curie, Ci) : F RSB RE & >
¥k 519 22Rasis & - 1 Ci = 3.7x101° Bq -
226Ra * # #y %1600y
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(1) 1/9 (2)1/512 (3) 1/1024 (4)1/2048

R - RBPAER 20 X80 BAESFI ARG
mAZz o By A ? (1)3.2(2)3.6
(3)4.0 (4) 4.4
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oy AR DS

100 Bq >t %7 > mCi? (110-2%5 = P|%)
(1)2.7x10°(2)2.73x 107 (3) 3.7 x 10/
(4) 3.7 x 1019

ANS: (1)

Fos(Bq) & vRfEdE SR 2 ST H = 2 (110245 %
e
(D feHl ® ()% FHE Q)R WHE 4)ER
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>k A 7L 21l ¥
i SRR Lt
n 0Co thL it 8 % 526 & > % 108 B ©Co k3

S 1052 B QF 50 B ?
(1) 2.5x108 (2) 5x107 (3) 2.5x107 (4) 5x108
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i ERE XLt

s 5T R S FH N 5 1.34x107 s 1o R H L
LH gL @2 (1)20 % (2)40 = (3) 60 = (4)
80 =

n [ = 0.693/7\.

64



i LR R XL E

m 4C gt i R (specific activity) 5] 2 % > Ci/g ?
(H4C L L g 4 5730 £) (1) 4750 (2) 565 (3)
451 (4)47.5 (110-145 = 3p|5%)

m j2:1CiT & 51 g 226RarvE & - 1 Ci = 3.7x101°
Bq - “*°Ra £ % # % 1600y

m A=—AN ; A=0.693/T

s SA=A/M=(1600/T)*(226/M)=(1600/5730)*(226/14)

x ANS: (3)
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® Y IAFT ) FEBENFI o ARk
R R EH TH GEE

4
~(pPE] R FTRI AL FRTER o
#AFRE M)
® LEFFRELR
m e 3 (0,0eVUT
m¢Ed 3 (0.5 eV- 100keV
m e 3 100keVrz }
® HE P (4B BP)RFUEALAH - fEE Y
FHFLAH (PR EAFETRE)
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all

g B i

DEE SR SR
® [EI% X 4AF (Stopping power, S)
S =—(dE/d])
Md/=H>%T5%AR[cm]
BdE=3 3 n £ 4 [MeV],dE* & 32T 5 ¢
i Fies o7& 4 chiz =x § + (8-ray) ehk I8

it Bt
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i BTG - A £ RH

. ¥ i& #% (Linear Energy Transfer, LET)
TR RFFE - dedge » $H = /Fil.i}i
% (locally lmparted)u o /i B end 3o

i A

7 24 FFREVTEA

dFE
B 7 3 g 45 5t LET, = _(W)A

® LET ,* f£ 5 "R FE3p » 4F (restricted
stopping power) A— oo, LET = Scol
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F+(p*)~ % (®H*) ~ & CHY) = -

B EFTRIESTILEL T 84

B 2 FETF2
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V BiGA T 4N EE 0 g FEBSH
B 2T pi

v o gl

BT+ RERBTF > B4 ]

B 2R+ Eai
vV odlEedg sy B )
B 2R3 PEEEER
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# g fid

S B SR

Stopping Power [MeV/cm]

(Bragg Peak)— & 3 i# #
TR A

Energy Loss of Alphas of 5.49 MeV in Air
{(Stopping Power of Air for Alphas of 5.49 MeV)

+ fiBragg peak

0 1 2 3

Path Length [cm]
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LI 5k

® t T /i (photoelectric effect)
E, =hv—g

® % ¥ 3F4c% (Compton scattering)

k. = L,
a 1+(Er /m62X1—COS(9)

® = ¥ 5 & (pair production)

E,+E, =hv—1022
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RESSER B R R Y

B -k 7 3/l (photoelectric effect)
P PafekIis 22 pd T3 o
B 1867 & Heinrich Rudolf Hertz% 75
E, =hv—¢
TN\ Ephoton= hv

/- \\\ iD?D?n\‘:’ 550 nm Ve = 2.96x 10° m/s
- /\fZ@ H%iiv /3‘?\5” /
o 7
\ /

SN~ — Photoelectnc effect
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BB AFa s - 3 SEHT s

B 2 ¥ #4754 (Compton Scattering)
B A. H. Compton (1923)% 3
B3I g3ierffani ALEBE
B ERLERANELEYL 5B

i Recoil
CDI"I"IpIDI"‘I scatterlng Iectnn/




o AR R

® = ¥/ (Pair production effect)
B Patrick Blackett (1932)% % — st £##% 5 ¥ £
Bd k3 g4 HipIerdrps, 5§?r4—’t 5 (A%
2,88, %8, TiF)
O k35 & ™' >1.022 MeV
O 2F52+(e)— 2+ (e")
] Ee_ +Ee+ =hv—1.022
Wiy s 5 3 % F B(Annihilation effect)
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10

A2/g =

Attenuatan in cm
o

—h
o

4

10

Photon Mass Attenuation Coefficiants for Iron

sesenccdences

cssonnsopissups,

Bk s ford A

oy

e yerpensens

T I
I

Coherent Scattering

Incoherent Scattering
Photoelectric Absorption

Pair Production In Nuclear Field
Pair Production In Electron Field
====Total Attenuation With Coherent Scattering

™ ™
L s s s M {1 f g ey

roc Z* | E° 10kev ~ 500kev
oo« //E]100kev ~3Mev

i - koc Z°E 1.022MeVE] |

R
meqeensopapyep
RRE

v

Energy in MeV



i s dpiE ot-¢ 3
® ¢ 3k iEr § S

B EPpf/? 3 FiE ¥4 (Moderation)
m t3E 4 iR (Inelastic collision)
B ¢ 3 HE (Neutron Capture)
Co(n,y)*°Co
B¢ 3HEZF+ 4 4 (Neutron induced Fission)
U+n—> FP +FP,+2.5n'+v+E

" (n,p), (n,d), (na)> &
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i R Rl A

ﬁ%%%ﬁ%gméﬁﬁ% AT s
FXPERFEPEERS ?(110-45 % Pl5)

" () HE LR QB § 500k ()R T ek
(4) & P HTHS

= Ans: (3)
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i I ot g 5 i

2, \ > 2 . y > 2 g y 2 -;-%/ ),:/
n F 2R DAL o TSR I PR SR Y

s (DFERS QIR Q)i BH 4 D& %L

= Ans: (4)
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i R Rl A

IR E-F o gé_iﬁ;‘g‘hi&.ﬁj‘?(llozﬂ:&
< R ‘%?) (DT + Q) + Q) X 53 (4) y &Ha

= FRAL @RS RET LA TR P
el 1 o CR oS (110 245 % Bl 5%k)

o ()i ()5 3)4F (4)k
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peak)ﬁxﬂg ] ? (110- 2i8 % P % )

s (D4 B s (QFF 3 + DR+

m [ 5
A2 7?2 (110-145 = /?
(3)k 7 =z (4)+]H

(Bragg

'Téﬁlb’a;}'ﬂ’?ﬁ‘lF?; ?xe:}ﬁ. ,;g:%}}; },@é} ? ﬁg
(DB F 5 icst Q)= 4 2
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will not add

: 2w Y 22 s
something to the | »o & Arevte B g
correct 1R 253 Ao

assessmentof | I g PR R o
your condition

Doctor, don'’t you
think | should
have a new
chest CT scan?
Just to be on the
safe side

E_;./\

;-F, 123
499 ﬁeﬁs i€ ”pTaiie?\t wishes to be examined
when you feel it is not necessary
FRAKAALE > BESHELKEDE L
74 %k : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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CT scans are among the most common radiation dose
burdening examinations for patients

The effective dose from one chest CT scan may be equal
to the corresponding dose of about 500 PA chest X rays

— X AJIRT P{_%'%ﬁ’?/éi me}; Y EESS

500=t &k 2 &t & 39 38(PA)X £ &

The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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Tell me please:
Have you had any
other CT scans
recently?

PRI By

mH BTk % A

N
3
~
1y
.

Repeat scanning of the patient to save

T

. 5 2, = v
time because previous records are not .k WAFTH &
. - ° ) N N
readily available is not part of a good ° PR E 7fl wa
practice A_ A AF e o

7 4L kR : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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7 4L kR : The Radiation Protection of Patients (RPOP), the International Atomic Energy Agency (IAEA)
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BT RS pafE L&

Bx 1 Bx 8 B
B3R 1.9 26.0 13.7
saged 1.0 318 318

Muhogora et al. Patient doses in CT examinations
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B & 53 (Little boy, 23°U)

Diameter:
/1.1 cm

Length:
3.0m

Weight:
4,400 kg

Yield:
15 kt

http://img214.imageshack.us/img214/6775/atombombelittleboy2a3b6kx7.jpg 10
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£ % % 38 (Fat man, #°Pu)

Diameter:
1.5 m
Length:
3.25m
Weight:
4,656 kg
Yield:

22 kt

http://derhonigmannsagt.files.wordpress.com/2013/08/fat-man.jpg 17
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Energy Sources and the Application for Polymeric and Biological Systems

chemical reaction modification of polymeric materials:

in solution » polymerization, grafting

olymer matrix i :
poly » crosslinking, degradation

» adjustment of surface energy

gamma rays, J o i , ; A
electron beam adapted for biomedical applications:

« sterilization

« desinfection

encymatic
processing » pasteurization
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discovery of the production
of mutations by means of
X-ray irradiation

Hermann Joseph Muller

Nobel prize 1946

http://upload.wikimedia.org/wikipedia/en/thumb/a/a4/Hermann_Joseph Muller.jpg/220px-Hermann Joseph Muller.jpg 27
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treatment of diseases
with concentrated light
radiation

Niels Ryberg Finsen
Nobel prize 1903

http://upload.wikimedia.org/wikipedia/commons/f/f0/Niels_Ryberg_Finsen_portrait.jpg 29
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use of isotopes as
tracers to study
chemical processes

George de Hevesy
Nobel prize 1943

http://www.nndb.com/people/235/000099935/george-de-hevesy-1-sized.jpg
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Carl Ferdinand Cori Gerty Theresa Cori

Nobel prize 1947
catalytic conversion of glycogen
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Hans Adolf Krebs
Nobel prize 1953

http://www.jewishvirtuallibrary.org/jsource/images/People/hans_krebs.jpg
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carbon dioxide
assimilation in plants

Melvin Calvin

Nobel prize 1961

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/1961/calvin_postcard.jpg
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Radioimmunoassay

Rosalyn Yalow
Nobel prize 1977

https://sp.yimg.com/ib/th?id=0IP.M1753c779d0601d0bdf0d5c8d21e8501bH1&pid=15.1&P=0&w=300&h=300
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SPECT scanner
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discovery of the '&
positron N

Carl Anderson

Nobel prize 1936

http://www.thenakedscientists.com/HTML/uploads/RTEmagicC_Carl_anderson.1937.jpg.jpg
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positron emission tomography, PET

Positron emitting isotope
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Electron
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photon Gamma rays created
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http://www.imaging.sbes.vt.edu/wp-content/uploads/2010/09/scbct-ge.jpg 48



X6 3854 1/3)

Left: http://upload.wikimedia.org/wikipedia/commons/4/46/Wavelength%3Dslitwidthspectrum.gif
Right: http://upload.wikimedia.org/wikipedia/commons/0/0a/5wavelength%3Dslitwidthsprectrum.gif
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molecular structure of
nuclear acids (DNA)

James Dewey Watson |

Nobel prize 1962 F*A'

A

http://www.nobelprize.org/nobel_prizes/medicine/laureates/1962/watson_postcard.jpg
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determinations by X-ray
techniques of the
structures of important
biochemical substances

Dorothy Crowfoot-Hodgkin

Nobel prize 1964

http://www.youbioit.com/files/newimages/2/352/Dorothy_Crowfoot_Hodgkin.preview.jpg 51
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Ejected K-shell elcczron Incident radiation from
primary x-ray source
M-shell electron
fills vacancy
K, x-ray em:tted X L-shell electron
fills vacmcy
K K x-ray emitted
N 0

Shels ™M _ ©
(orbits)

http://museumbulletin.files.wordpress.com/2012/08/xrf_Ig1.jpg
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Shutter

Left: http://www.mctec.nl/wp-content/uploads/2014/11/Genius5000XRF-1.jpg
Right: http://www.nachi.org/images10-2/XRF-Gun-Diagram.jpg
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LA QA

F F 34 3 24X+ s (Particle induced x-ray
emission, PIXE)

+ % 4& w375 (Rutherford backscattering,
RBS)

¢ i B 3T 375t ik (Medium energy ion
scattering, MEIS)

‘v B H ¥ & (Accelerator mass
spectrometry, AMS)
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Sensor adjusts
rollers based on
data from detector

Detector

= -

' Sheet B-particle
Rollers material source
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X-ray cross section
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Neutron cross section
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Table 8.3 Properties of Common Inorganic Scintillators

Relative Pulse

Specific | Wavelength of | Refractive Abs. Light ¥ield | Height Using

Gravity | Max. Emission| Index Decay Time (ps) _in Photons/MeV | Bialk. 'M tube| Reference:
Alkali Halides
Nal(T1) 3.67 415 1.85 0.23 38000 1.00
CsI(Tl) 4.51 540 1.80 0.68 (64% ), 3.34 (36% ) 65 000 0.49 78, 90, 91
Csl{Na) 4.51 4201 1.54 .46, 418 ELC BRI 110 92
Li(Eu) 4.08 470 1.96 1.4 11000 023
Other Slow Inorzganics
BGO 713 480 215 it} =200 e
Cawao, 7.90 470 23 1.1 (40%0), 14.5 (A0%) 15 006 0.4 H8-100
ZnS(Ag) (polyerystalline) | 4.09 450 2. 0.2 1.3
CaF, (Eu) 3.19 435 1.47 0.0 24 000 0.5
Unactivated Fast Inorganics
BaF; (fast component) 4.89 220 TS 1400 na 107-109
BaF; (slow component ) 4.89 310 1.56 0.63 9500 0.2 107-109
CsT (fast component) 4.51 305 0.002 [35%), 0.02 (65%) 2000 0.035 113-115
Csl (slow component ) 451 450 1.80 multiple, up o several ps varies varies 114,115
CeF, 616 310, 3440 1.68 0.005, 0,027 4400 04 Lo 05 76, 116,117
Cerinm-Activated Fast Inor
GSO 6.71 440 1.85 D056 (90%), 0.4 (10% ) Q) 02 - 119-121
AR a.37 370 1.95 0.027 18 000 .45 T8, 125
¥ AG 4,56 550 .82 | DS (72%), D302 (28%) 17 00N 0.5 T8, 127
LSO 7.4 420 1.82 0.047 25 000 075 130, 131
LuAFP 8.4 365 1.94 0017 17 000 0.3 134, 130, 13
Glass Scintillators
Ce activated Li glass’ 2.64 400 1.59 .05 to (.1 1 3500 0.09 77, 145
Th activated glass’ 303 - 550 L5 ~3000 1o 5000 ~50 000 na 145
For comparison, s typical orgamnic (plastic) scimtillator:
NE102A | 103 | 423 | 158 0.002 f 10 000 | 025 |

*for alpha [81'1::1@3
"Propertics vary with exact formulation. Also see Table 15.1.
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Normal dosimeter anisotropy
for horisontal plane
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QA KIT/TOOLS

1. POSITION THE RAYSAFE DXR+

Position the 4Z
symbol within the
light field. Align
the yellow center
line with the light
field edge.

2. EXPOSE AND READ

Expose and read
any X-ray/light
field deviation in
the display.
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