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JuuauazlaagsnIwuovUdILAQYd

aUNA dgyansal ETels Uszy  Uszaluih (O)
WUBN5Y %178 amu
DLANMTOU e 9.1095x107% 0.000548 -1 1.6022x107™
lUsmou D 1.6726x10% 1.007276 +1 1.6022x107
UnTou n 1.6749x10™ 1.008665 0 0

Chemical symbol
for the element.
Mass number =

A=Z+N [ \

oo
I Atomi x
AL omic numbear= i

number of protons

» 2:0pUAS:USWOUTUSODULA:TDASDU
IS8T Udlnaa (nuclide)

= suMANglUltDLIAaga (TIUsaouua:
do>asou) 11 UdAaoou (nucleon)
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C-12 C-13 C-14
@® 6 Protons @® 6 Protons @® 6 Protons
@® 6 Neutrons ® / Neutrons ® 8 Neutrons



BlslnJuovsialdgdnudviiauuanivlAi
IKUDUAULAQaisUs:=NauUs:tnnLagdnu
wa:zoAdwbhaosunasSeItANuUDVLAgINU
[©lslnJuovsiqauca:zsuaudsinniu

SSSUBIGATULNNAU

Element Isotope  mass Mass difference  Abundance (%)
Hydrogen 'H 1.007825 99.985
’H 2.014102  +1.006277 0.015
Carbon 2C 12.0 98.890
B3C 13.003355  +1.003355 1.110
Nitrogen 4N 14.003074 99.634
ISN 15.000109  +0.997035 0.366
Oxygen 160 15.994915 99.762
e 16.999132  +1.004217 0.038
30 17.999161  +2.004246 0.200
Phosphor 3P 30.973762 100
Sulfur 328 31.972071 95.020
338 32.971459  +0.999388 0.750
34g 33.967867  +1.995796 4.210
368 35.967081  +3.995010 0.020



HlangsmwuovudLpasda

= JDLAQgantanss — WuWsod
= JDLAdganiulanss — uWsvda 1san lslnnuuuasyd (radioactive isotope)

UDLAQEIV=LanNgSHSDIU WOISTUNDN

1) 9QS1d8J2UUDv n/p |
+  S10N0@aULGYR:apUCN (<20) T5As1dU n/p ~ |
» s1an0lavigva=aauavua 20 (Ca) - 83 (Bi) oas1@du n/p > 152 - 1
 [BlsINUuovs1aNDIauLGEvD:=00UUINNIT 84 (Po) d:=lulanes

2) WOISTUI0INDIUDU N Ua: p
* 510N N KSD p LNAU 2(He), 8(0), 20(Ca), 50(Sn), 82(Pb), 126(-) =1
ADIULANYSIuLAzTDIUDUBIBINULIN 159NN LAUUHADSSE (magic
number)

» S70N03UdU p, n WulavA (even) lafusniaun (odd)



Huauladasmwuovldlpasda

1)
2)

3)

4)

5)

Laavidlnadnlansstusssusia
Uolnadnagiklpunuladesniwo:d n/p av
LAUMIRIULEnys |
Uolnadnagchniuautadosmwo: n/p ¢
LAUNIRULanes

Laulangsnw (band of stability)
Uo1Aagdauovs1a0NLanegsv:0o0s1diouvudu
0oasouciolusasnu (n/p) tuludLdu
lanesnw (belt of stability)
Oolradntyladeso:iia mstlaguudavniv
UDLAQESIWDIHLADESTU
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- (2 =1.28) \
z 60
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Protons (2) ©NCSSM 2002

V1N Introduction to U-series Geochemistry (p. 14), by B. Bernard et al, 2003.
Reviews in Mineralogy and Geochemistry
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The Band of Stability
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Each point on the graph
represents a stable atom

Band of stability |

> He

n/p ratio =1

n/p ratio = 1.0
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= [plylnUlanysv:=oguu stability band
= S10N0LaULEYD:RUYEIV 66 (Dy) 1V 79 (Au) UNs:uduNISdang
Haguuu

= UdlpadnNoasidiu n/p cndIv:darsuuudanaiwsdasou
KSoJudadlanasau (electron capture) KSpUaDYSVA
Loawn

[

= JouldlnadnioasIacu n/p gondidalguuudanesoalon



#wavoudalklgouovldlAdea

waomuntutumsaouanaaauuntooaaﬂuZuuamaaauaosm KED 0uwavviun
uaanaonanLnsamZHuamaaaumﬂmLUuaonUs NDUSIDY

KA INWaIVUDVIIIAD: mauuaosmﬂuuaauanaaau (IUsaou + udQsou)
Udawsov (mass defect, Am) udaauRUvARIETULDDTIASDDUDASUSOUAULUU

UdLlnasd

= [Z(m)) + (A-Z)m,] - m

atom

udadunHelUdAmAuwavviunUaaudas
Luaaumnmsaumﬂuwuu:maaa KHSDLSENI
wavviudalkdeduovldolndsa (nuclear
binding energy; nb)

= (Am)c?

m, = Uoaldscou (1.007826 amu)

m, = Udaudasou (1.008665 amu)
M,iom = UIAUDIAAQ (amu)

Z = LlaulBvp:=0ouU (D1uduldsaou)

A = Udalgvo:=0oU (Udaudnaoou)

wavoudalkdeddadondoou (binding
energy per nucleons, b/n) v:uantH
NSIUADIULEAYSUDVTIILIASYE (ANGVUIN
goulanes)

(Am)c?
N, +N,

Eb/n =



DuAUdEURIWAVILEQIRTEOUDVTDIAGsE F-19 ua:wdvviudaikidcinoliondoau
(MBuQUIKUND:0DU F-19 = 18.9984 amu)

Am = [Z(m)) + (A-Z)m,] - m

atom

Am = [9x(1.007826 amu) + (19-9)x1.008665 amu] — 18.9984 amu
= 0.1587 amu

s wavviudalgdgouovlddlnasa

s wavviudalgdgoaolonaoou
amu — E (J)

) 2.37x10™" J 0
1 amu = 16605x107%/ kg E.,., = 9+10 =1.25x107"* J
Am = (0.1587 amu)(1.6605x107%’ kg/amu)
1 eV = 1.602x107° J
_ 2
E., = (Am)c 1 J = 6.242x10'® eV
= (2.635x10728 kg)x(3.00x108 m/s)?
= 2.37x10% kg-m?/s? E,,. = (125x102 J)x(6.242x10%® eV/J)
= 237x107" J

= 7.79x10° eV/amu
= /.79 MeV



wavviudalkugdcoudnaoou (binding energy per nucleons)

/ -
L

“Fa Bl

s - 11osy Am = [26x(1.007826 amu) + (56-26)x1.008665 amu]
lad 2 2067,

zQ'HM K\Eﬂgm — ol HEE. — 55934932 amu

T stable nuclides 238 = 0528494 amu

Fusion Fission
® 7L — -
L ]

8L 1 amu = 1.6605x107% kg = 9315 MeV/c?

B on O = o D

Negative of binding energy per nucleon (MeV)

3434 E., = 0528494 amu x 9315 MeV
n J *He = 4928x10% MeV

124

5 4928x10° MeV/amu

T | 1 T T T T T T B T T T — —
20 40 B0 80 100 120 140 160 180 200 220 240 260  ~bin 56 8.801 MeV/amu
Mass number (A)

From. Lepine-Szily, et al. (2012). Nuclear astrophysics: Nucleosynthesis in the Universe. International
Journal of Astrobiology. 11. 243-250. 10.1017/51473550412000158.
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A
(Radioactive
Elements)

smnuaonUs noUMETUTILASYaNILLGAsS aowaZHmoms
dalnaqd HsamsUaaasoauaoswmaamaaoDanwatﬁmu:)u
DVAUS: ﬂautuu:)maaaun:nuauoa La:lafesuiniu lQgs10)
ﬂuuumsoauua LUuIaIUInUuwomuaosmmouuowu C-14
HSE)UﬂlLJUS']OnUUZ)aU']ﬂHSE)UlaUE) OougvlAundT 82 LU
Ra-226 Ko U-238 Wudu

mSLaauamatoamtaouaouamaaauaoa maunIULaﬂas LWJUnWa
ZHIoaumnuaaWw aumnum soauﬂuuwowunau

LULRANTWWIATEIVAAUSULNALA: UWEI\)\)‘]UEI\)I’]\)HUOU wo

aaﬂmoaamwusaqoum tUUIVASTUDIDDWAVVLIUADIUSDULLA:
wavvluiaotnacuuQdg




LAQIIANISdaeauDvUdIAGYanJuualkedLa=dudauin KEadIdudulusaou
AYUUDLAQYTUNN

= puMAUWRawitusUuovldlndgd He
= Janiuznoiwwatduds:=auon (+2)
= JUDaADUUIVIHEY

= Jounon: an: aaom lUaiuasan: amua\mou:no LU WOHUY UWWUlaK:
UTVA KSouwuns=auidia

Lﬂomﬂmsaawmuaouamaaanumuauu:)msaumﬂ
= JauuGaagndvnudlanasouduibus: aIWV\hLUuau La=gudad
= JDIudN:=an: SBIVE Y (aomwsoauaavﬁsn 100 1N)
. un:musatumsmaaunaoaos AQUINALAYVAUADIULSILAY

Lﬂomﬂmsnu:)maaamatua QDUDWAVVIUFGUHRSDNNS:AU DVNDIHLAQSYA
LnUUIAGaniuldunalvnviwwa Jaudandiesoudionsd (X- ray)

= [YdJs:=oua:zluouda

- uwaomuao

. maauno:)an:nms:)tmuao

= JDIudn:=an: a:)oqonao
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A GUIDE TO DIFFERENT TYPES OF RADIATION

Nuclear radiation comesin three different forms: alpha, beta, and gamma radiation. Each of these types has a differing composition,

and they also differ in their penetration, ionisation ability, and uses. This graphic summarises each of the different types in turn.
TYPES OF RADIATION AND PENETRATION

Alpha

HOW PENETRATING? @48 48 &8 5 Beta

@ . X X-ray

Gamma
| Y

Gamma radiation is used to help sterilise medical
equipment, and can also help sterilise packaged
foods. Gamma ray detection is used by a number of
telescopes to produce images. They have also been

IONISATION ABILITY: &% &
HOW PENETRATING? & &%

=0

-

©000

Beta-radiation emitters can be used as tracers in
medicine to image inside the body, and have aiso
been used in cancer treatment. In industry, they have
been used to find leaks in underground pipes, and to

IONISATION ABILITY: &8 &8 &8
HOW PENETRATING? &%

o | |

—

©e000©

Many smoke detectors contain americium-241, which
releases aipha radiation and helps detect smoke.
Alpha radiation-emitting elements have also been
used to power some heart pacemakers and some

space probes, including the Mars Curiosity Rover. gauge the thickness of materials during manufacture. used in cancer treatment to help kill cancer cells. Paper Thin plates Lead, iron: and Water,
made of wood, other thick concrete,etc.
aluminum, etc. metal plates

@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem @ O 8 e
"y NC

This graphic is shared under a Creative Commons Attribution-NonCommercial-NoDerivatives international 4.0 licence ~




Change in

Type Nuclear equation Representation mass/atomic numbers

A: decrease by 4

Alpha decay | X — SHe + 5-3Y Z: decrease by 2

. unchanged
iIncrease by 1

N >

Betadecay | 2X — _Je + ,4Y

Gamma A
decay z

. unchanged
unchanged

N >

Positron A
emission z

A: unchanged
Z: decrease by 1

Electron
capture

A: unchanged
Z: decrease by 1

OX — _Je +y 1Y
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#uaulanasmw (belt of stability)

130
120
1) UdlradnogudnuauLangsNIWIuLEnes o: 04 TP
LNan1sUangnuuuaNMIwWsSOawWatRlablsnU - I
IRUADASIEdU n/p WIFULAULESSMIW - Gy
2) Udlmaani n/p gv d:=Uaongounindom (B) P Ag
_ S 70
— Z anav A Avdu . (§=1.28>\
3) UdlAadni n/p N d:UapgouymAtwaassu s %
(B*) HSD Electron capture o I Ny
— Z anav A AVLGU « ,56':9‘\ z
4) Udlnadn Z > 83 v:UangouniAuaawl (o) N Rl
i sitron emmission and/or
— Z anav A aqav N PO elactron capture
10 go ,jgNe
(2=1-0)
0

10 20 30 40 50 60 70 80 90

Protons (2) ©NCSSM 2002

V1N Introduction to U-series Geochemistry (p. 14), by B. Bernard et al, 2003.
Reviews in Mineralogy and Geochemistry



#ounsuNISaagaduDVNUUUQASYd & . M E

b\) D (alpha)

Dlautghter r;—ielilum
ounNsUNIsaanadd (Decay series) Ao BIBINUUDVSIA p g pu
nuUuasvdUaauangpuniARSoSoduUIHANTWWALAITA g)— | \P + o (b
WaOAUNNILEdes d:0nsaangogivciotlpoould b
D:OpUALEfiystunga p p

(. A,

@ + % (gaXma)

Parent (unstable) —» daughter atom (unstable) — product (stable) . Photon

Daughter (Gamma ray)
Isotope

1) duasunalSyy (Thorium series, 4n) ; Th-232 - — — Pb-208

2) ounsuludnuigy (Neptunium series, 4n+1) ; Np-237 —» — — Tl-205
3) ounsuglstigy (Uranium series, 4n+2) ; U-238 —» — — Pb-206

4) ounsuUuLNNLUYY (Actinium series, 4n+3) ; U-235 —» — — Pb-207




#N1sdalrgcuovnuuuasvd

DUNSUNDLSYU (Thorium series)

UdlnaanncdidlauuianyIsaly 4 avad
aomatsamwaunsu 4n

1SUDIN Th-232 daredosivdotio
VURNS: noIou:)InapLaﬂasna Pb-208
Juudaledd 10 Ju Asaangcdavlcisy
dUFUIOY:T B 4 ASY Ua: o 6 ASY

232 286
90Th —> 82Pb

“Th
141 10

|

Actinides
Alkali Metals

Alkaline Earth Metals

Halogens
Metalloids

Noble Gases
Poor Metals
Transition Metals

°

%Th

Thorium

Actinium

224
“Ra
3.6 Days Radium
a
Francium

Radon

Astatine

Lead

Thallium



#N1sdalrgcuovnuuuasvd

ounsuLtudnLUgy (Neptunium series)

Neptunium
Uranium

Protactinium

U2(AaQNNCAD0IAUUIaNKISAdY 4 1ladlkao
LAY 1 DUDIDISYNIDUNSY 4N+

1SR Np-237 JarecogivcaLlio
YUNS: notou:ﬂnamaaasna T1-205
msaawmmoumsuouauam =K B 4 ASY
La: o 8 ASY

Thorium
Actinium

Radium
Francium

237 205

3Np — 81Tl

Astatine

Polonium

Bismuth

Lead

Thallium



#N1sdalrgcuovnuuuasvd

Uranium

Protactinium

dunsugLsLiey (Uranium series)

= UdlmaqnNNCDOlIauUIanNKISAdY 4 uadlkao
LAY 2 DVDIVISYNI DUANSY 4n+2

s (SUDIN U-238 aagdaoguciotlinoouns:ny
[aUolnaclangsho Pb-206

= MSANEAAVUCISUDUFUFORN B 6 ASY
La: o 8 ASY

Thorium
Actinium
Radium

Francium

Radon

238 206

92U — 82Pb

Astatine

Polonium

Bismuth

Lead

Thallium

Mercury




#N1sdalrgcuovnuuuasvd

ounsuuNNLigY (Actinium series) HSD
ouUnSULtoNULU-— EJlSLUEJU

uatﬂaonﬂmmauuaanmsoaa 4 LADJLHAD
LAY 3 DVDIDISENIIDUNSU 4n+3

1SUDIN U-235 daregcdosvcotiio

YUNS: notouatnamaﬂasna Pb-207
msaawammoumsuauauao =K B 4 ASY
La: o, 7 ASY

235 207

92U —> 82Pb

Uranium

Protactinium

Thorium

Actinium

Radium

Francium

Radon

Astatine

Polonium

Bismuth

Lead

Thallium



The Thorium-232
Decay Series

] = U Series
Izr - Th Series

] 238U Series
[ 237

Np Series

The four natural
radioactive series

Boxed values
for half-life are
for multiple
decay paths

The Uranium-238
Decay Series

] 235U Series
O %21 Series
v 238
] 237

Np Series

U Series

The four natural
radioactive series

Boxed values
for half-life are
for multiple
decay paths

L /I\Iphal éeté
144 - Deca%_ Decay
oo = ==
Th
142 14 Gy |
140 228 =
Ra 228 5,
138 6.1h 228 11,
> 224
4 220 37d
= Rn :
S s |
cl - 216 55 s
& e | it 216
2 212 At
2 130 | sz 164 us
11 h 3?12 Bi[61 m
128 - 212
208 1, o SPO
3.1 m Waos - ] Lead-208 s the |
' Pb =7 stable end product|
o4 1 (N T O
80 81 82 83 84 85 86 87 88 89 90 919293 94
HgTl PbBi Po At RnFr Ra Ac Th Pa U NpPu
[Alpha Beta ]231;6 L iad
144 | Deca 4 Decay 25 d
234 6.7 h
142 ] P|a— 234
| |
140 T""" Th '?3 My
138 I226 R 813 Ky
>4 222 1.6k
= 136 T =
2131 m 38d
218
S Taa—, | Po (218 \[13s
c  24p L
S 132571, 218 gn
< 130+ 214 o
1281.3 210y 20y
5d 210 M
L1 210
20 ati_l Leac:205 s 1h
1 14 ea is the
1944.2m 206 pbﬁ stable end product

8081 82 8384 85 86 87 88 8990 919293 94
HgTl PbBi Po At RnFr Ra Ac Th Pa U NpPu

The Neptunium-237
Decay Series
m = U Series

] 232Th Series
2
ey U Series

IZ 237

The four natural
radioactive series

Np Series

22m

L /l\lplhal éeté 239 P;J
The Uranium-235 144 -LDecay] . A Decay o3
Decay Series 71 Gy’
235 e 231 . |
IZ U Series | Tlh 20
O *21h Series 0 32 ky 2315 |
0] 28 series 138 '
21 m |223
u 237Np Series < Fr 227 1,
» 136 |
) 19d
The four natural 2 219 5y s
radioactive series > 134 Ra
= 2P 1d
This series is g 132 241 54 219 pn
traditionally called g8 MS P 39s
the Actinium series. Z 130211 pp
36 m 15
Ay At
EETD. e Vi
2.2m 12237,” 211 Po
fBoxhecif\:.afilues A8 2070-5 S Lead-207 is the |
hoid il e Pb =T | stable end product
or multiple 124 — Lotl
decay paths 8081 82 8384 85 8687 88 8990 919293 94

8081 82 83 84 85 86 87 88 89 90 91 9293 94
HgTl PbBi Po At RnFr Ra AcTh Pa U NpPu

2 Alphal Bété 2&7 Illp
_|Deca 4 Decay .
Less | 23My A
233
142 | P|a 27d
.16 My
140 233
229Th U
7K
138 5 A
Rag( 15d
Z 136 o L
é 2211.0 d 225 p¢
Fr
2155 48m
= 217
S 132 At
5 ~20ms
B 41 Moy
< 130} |
209
e Tl 213
4 2ms
209 oy
126 T ﬁ;l Bismuth-209 is the
3.3h [4— Bir—T11 stable end aroduct
124 1 ——

HgTl PbBi Po At RnFr Ra AcTh Pa U NpPu

AL
http://hyperphysics.phy-
astr.gsu.edu/hbase/Nuclear/
radser.html



DUNSUNISAANgCDUDY T Pb Bi Po At Rn
DUNSUELSLUYY UAzASY e
3301 -

s = seconds
m = minutes

230

d= darys
y = years

a - decay | _~ 3‘8y

218 218Po 7 218At

3.0m /! ‘-“ﬂ
214p) "/ 214pg
o 27 m @l 64ps

210 {31971 1 /2108 \ (210P0
1.3 m. 4,5 5d 4 138y
206 T1(/ Pb

206 | 4.2 m /[ stable

[’- decay

Mass number (A)
>§
~
\&

81 82 83 84 85 86 87 38 8Y 9% 91 92
Atomic number (7))

aauJavoin General Chemistry (p. 691), by D.D. Ebbing & S.D. Gammon, 2017, Cengage Learning



. s10AUUUASYIsTalaTAZvEIOgUIUD:INISa1gdIDEvE a ummﬂ
#ASVBOQ SI0AULUASVFBTOIATASVEIOEUD: umsaawmamosaoLsamﬂsouam
| UaoGDInaoLsumuuaonoawuamsu [Qun U-238, U-235 ua: Th-232 [

ASV3Ia (half-life; t;,,) FALMIAU 45109, 7.0x108 ua: 14x10° U cudidu

ADS:g:1Da1NS0)

n
n

3.3

L o L . MU decay chain U decay chain “*Th decay chain
AJUJUASIYAdda1agovulHAY Nuclide Half-life Ref Nuclide Half-life Ref. Nuclide Half-life Ref:
5 TUDOUD=CdIUJA _SD VH [_j JUDY U 44683 200048 Byrs | . | 0.70381 £ 0.00096 Byrs | BiTh 140100 Byrs 6

L *HTh 24.1 days 2 HTh 1.063 days 2 *a 5.75 + 0.03 yrs 3

Aiouisucau Hpa 6.60 hours 2 S 12,760+ 220 yrs 5 ae 6.15 hours 2
o 245,250 % 490 yrs 3 Tae 21.77 £ 0.02 yrs g “Th 1,912 = 0.002 yrs g
“Th _ 75690 + 230 yrs 3 “Th _ 18,72 days 2 ‘Ra _ 3.66 days 2
“Ra 1599 + 4 yrs 4 Fr 22 min. 2 “'mn 55,6 sec. 2
““Rn 3,823 + 0.004 days 4 “Ra 11.435 days 2 . 0.145 sec. 2
. 304 min. 2 "L S0 sec. 2 ““Ph 1064 hours 2
A 1.6 sec. 2 ““Rn _ 1.96 sec. 2 UBi 1009 hours 2
“"Rn 35 msec. 2 i 7.7 min, 2 FPo 0298 usec. 2
Hph 26,9 min. 2 pa 1.78 msec. 2 S | 1053 min. 2
gy 19,7 mn. 2 At (L1 msec. 2 ¥ pih stahle
po 0.1637 msec. 2 Hpp 6.1 min, 2
T l.3min. 2 'E 2.14 min, 2
'ph 226 4 0.1 yrs 4 'Pa 0.516 sec. 2
s | T 500 days 2 ' 4.77 min. 2
S 1384 0.1 days 4 ph stable
'HIEIE - R.2 min. 2
T ; 4.2 min. 2
““Ph stable

91N Introduction to U-series Geochemistry (p. 14), by B. Bernard et al, 2003. Reviews in Mineralogy and
Geochemistry, https://doi.org/10.2113/0520001



#oOs1N1sa1gOUDVNUIUASYT

s1aAUUUQSudaangadua:uwsodaasadan lagliuawisamuigladio:aounuluasoa
(Udlhaq) o:aoutad:aangddibola LhovoinMsdaladoinaduuuudgy

amswmsaawmuaosmﬂuuumsoa HSDLSENI AUJUQNIW (activity; A) WUSWUIQEQSY
AUDIUDUD:=QDUAULIUQSYE (N) nUsmf_]aa U 1Da U

dN N
at - MN N

dN
N N = Nje™
N dN t
W )

()

_— - . 0.693
Ny = AUUUONIWSVA &J Laltsuau (t=0)

R

_ L t1/2 7\,
N = ﬂuuummwsoa U Lar tiaa
A = AAVAYDVAISIANYE)

A = —

Il

I
>
Q.
ﬁ

_kt ﬂ§085m (t]/z)




#CDDUV

D USUAUD Sr-90 1.000 g ua=Wiull 2.00 U 1KdD Sr-90 g 0.953 g DVAUITUASVEIN
lLa:AuUdaUUSUIEU Sr-90 AlKkdolioldaiwiuid 5.00 U

| =

AovoK1AY k 91nAIsdarsuuNASeIdUAURUD

In[A], = InN[A], — kt

In(0.953) = In(1.000) - k(2.0) _
In[A]; = In[A]; — kt

- —n(0.953) - In(1.000) IN[A], = In(1.000) — (2.41x10-2)(5.00)
2.00 Yr = -0120
- 2.41x1072 Yr-! 1 exp.

[A], = e020= 0887 g

. 0.693
V2 2 411072 Yr

= 288 Yr




H#RUDYIQNIVSVT

Radioactivity*!

Absorbed dose*?

Effective dose*3

Linear energy
transfer

Becquerel (Bq)

1 Bq = 1 disintegration/sec

Curie (C1)

1 Ci = 3.7x10'° disintegration/sec = 37 GBq

gray (Gy)

1 Gy =1 J/kg = 100 rad

sievert (Sv)

1 Sv = 100 rem
1Sv =1GaGy

Newton (N)

IN=1J/m

1 keV/pum = 16x107"= N

Rad, Rd

rem
(Roentgen equivalent
for man)

keV/um

* USunauansnuuuasya (radioactivity) Wudanisaangyuovldlndsd
tRSudoonuitdudiuduAsSocioduni (disintegration per second)

*2 JSuneuSvdqanau (absorbed dose) HUDY Gy HSD Rad

*3 Wwans:NUUovsSuaNNaNUSIVNMEUYUE (effective dose) HUDE rem

HSD Sv

*4 USunrusvdauyanunnalasu (dose equivalent) KUJY rem HSD Sv

Becquerel (Bq)
1 Bq = 1 dis./sec

\_

J

Source of radiation

Radiation )

Absorbed dose™

Curie (Ci) Rutherford (Rd)
1 Ci = 3.7x10°© 1 Rd = 10° dis./sec
dis./sec
\_ VAN J

Receiving side

Amount of energy absorbed by a substance of
unit mass that received radiation

intensity™? Gray (Gy)
Becquerel (Bq) %ﬁ Absorbed energy (J)
Gy=
A A Mass of the part
i receiving radiation (kg)
Radioactive *2: Energy absorbed per 1kg of substances (Joule: J;
materials 1= 0.24 calories); Sl unit is J/kg.

*1: Number of nuclei that
decay per second

Differences in effects depending on types of radiation

Equivalentdose (Sv)

Differences in sensitivity among organs

Effective dose
Sievert (Sv)

Unit for expressing radiation doses in terms
of effects on the human body



Absorbed Dose Using Absorbed Dose

Absorbed dose measures ionizing

radiation absorbed §

Common Measuring dose from
Use medical equipment

Units Gray (Gy), Rad (rad)

RADIATION SOME

PASSES THROUGH RADIATION
A HUMAN = DEPOSITED

IN HUMAN

Examples

Dose to the lens of eyes
from a brain CT scan

~60 mGy or 6 rad

v TISSUE
@

Dose to the thyroid from
a chest CT scan

~10 mGy or 1 rad




Effective Dose Using Effective Dose

Common Used to set protective
Use levels for groups of people.

Effective dose indicates radiation

health effects Kie]g:-Wele]oll]F=11[o]s}

Units Sievert (Sv), Rem (rem)

ABSORBED
DOSE I

FACTOR IN

Examples

Worker radiation limit
50 mSvor 5 rem over
one year

TYPE OF ORGAN
RADIATION SENSITIVITY

a B Y et. “ O D e

alpha beta gamma lungs colon stomach

l 9 EFFECTIVE
DOSE

Evacuate/shelter in place
guidance for an emergency

more than 10-50 mSyv or
1-5 rem over four days




UNNSYIUDLAQYS
Uﬁﬁ§£ﬂﬂlﬂ0ﬂ‘]5luaﬂUlan\)ZUE)\)F]US NoU
UouUdLAded BulnadInMSdalacday

sssuuv1QuovUdnaanuuuasvaua=ty
WavvluoonUN

22U — 2iTh + He

Splits a larger atom into Joins 2 or more lighter
2 or more smaller ones atoms into a larger one

IoanatuUfjﬁéenu:»maasnmomﬂmsuu

AUS:HI1VUdIAAgaNUouNIA lEU Unsen
X+a - Y+Db
LJguLNnuUOdgaadanualgo X(a b)Y 1San

UNANSeu

"UNnsen (a, b) uovudpasa X”

o X AD uamaaauaosmmdwm
a AD aumnn:)omuwth
b AD aumﬂnmouutﬁu (Uaaaaaﬂm)
Y AD uatnaaauaosmnmouutﬁu

““Mg + SHe — </Si + Jn

Mg (o,n) 2ISi



#UNNSOIWUBBU (fission reaction)

N1SuUDASDUBILUNIBUUILAQYAUDVYLSLUYL

NMIRUdIAdgauovgLstisuuanaantiu
govddunuIngLstisy uaztaadiasau
tHUTU
gnisUaaUangwavviuoonuiiusuuoy
SodunUUILa:SVABUAU
02QSDUtRU:IIBUTIIAdeanis

LﬂanﬂsmaﬂImUUﬂs UdouNIsSUdLAQYS
WuBuncoLlow

D--->

2°U + Jn = ¥Ba + ¥Kr + 3.n + 200 MeV

Uf_]ﬂSEJ"IV\/UUUlﬂOUUU'] ) Ua:lNQDEIV
ciolliov WU TdASDUNIWEaVVIU 1 eV dusu

& 0
v 36 Kr

ENERGY d 3 ;n

U-235

~
~
A

141

56 Ba

Unstable
nucleus




KN U-235 91UdU | ﬂsumUaﬂsenvvuuua (=
waomuaomaUtmﬂuwaomunmomﬂmsm oln
fuRUdv 3 du Swawaawssuntaldudolnad Energy _,o
Wiangs (s10AUUUASYE) D:LAQNISUWSOE
colUoulatdlnadlangsniulangsnw

B- B- B- B- seKT
90 90 90 90 90
(WaWaOWuB3U) (Lanes) )] = Energy —»01n
0

9
Neutron 233U
n

1
141
czBa

Energy =% 01

Ry
»

JNASe1anly (chain reaction) o 5
‘s



#UNNSOIWUBBU (fission reaction)

85%

25U + Jn > 23U S5 “Ba + 2Kr + 3/n + 2025 MeV

Uranium Uranium
(Natural) (unstable)

94%

U+ jn > 25U — 23Sr + 2/ Xe + 3,n + 1979 MeV

Uranium Uranium
(Synthetic) (unstable)

73%

Pu + Jn > 20Pu — 'BZr + 2Xe + 3)n + 207.1 MeV

Plutonium Plutonium
(Synthetic) (unstable)



AIUDUWavVIUNUaongoonUIuovUNASETWsEEBU U-235

Udauov 23U = 235.0439 amu

Zggu + C;n - ]546153 + géKr + 3c}n + F udausv “Ba = 140.9139 amu
Udauov °?Kr = 91.89730 amu

mass defect AN 4 o _ S(nm.

Nnitia

[) R Z(nm

products)

Am = [m(%U)+m(gn)] - [m(Z2Ba)+m(32Kr)+3m(,n)

= [235.0439 + 1.008665] — [140.9193 + 91.89730 + (3x1.008665)]
= 0.21537 amu

AuUu 021537 amu x 16605x10-27 kg/amu = 3.5751x10-28 kg
o1nduns E = mc?

= (3.5751x10728 kg)(3.00x108 m/s)? 1 amu = 9315 MeV Q
= 3.22x107" J E = 0.21537 amu x 9315 MeV
E = (3.22x10°" J)/(1.6021x107'° J) = 2.01x102 MeV

= 2.01x10% eV



#UDNNSUIWOUBU (fusion reaction)

— — — I-—I—

Uf_]ﬂsenu:)maasnu:)maaauaosmLm
aE)\)UUOHaE)USZ)UﬂUlUUUDLF]aEJanHUﬂ
2R mZHuwaomu&mmua:nwuu&

41H ‘He + 25e + 246 MeV
ddlAdgadlaaysnmwuindu wSaufuAg i > ohe € 6 Me
WavVIUUKIA1A Ioawéomuﬁmaaaﬂmﬁ

mmﬂﬂ:nwaomuntomﬂUaﬂsmWUUU
UovudlAdganidoiuduLlnInu

&

Deuterium

a Neutron

Tritium

Helium

S
~




AIUDUWavVIUNUangoond1nUNASYIWIBU
udauov 'H = 10078 amu

2 3 4 1 udauov “H = 2.0141 amu
1H + 1H —> ZHe + ]H + E Udauov *H = 3.0160 amu

Udauov “He = 4.0026 amu
1 amu = 1.66x10%7 kg
1 eV = 1.6021x10°° J

Am = [m(H)+mGH)] - [m(3He)+m(H)

= [2.0141 + 3.0160] - [4.0026 + 1.0078] = 0.001970 amu
amu — kg

= (0.001970 amu)(1.6605x107%/ kg/amu)
- 3270x10°29 kg

FE = Amc?
E = (3270x1072° kg)(3.00x108 m/s)?
= 294x107?2 J HSD 184 MeV



Us:lgsuyuovladudiApdgsuaz:nuuuaMwsua

lC‘I']UfJﬂSfUUSU'\fU (nuclear reactor)

lUUlF]SE)\)UE)UE)H']HSUFDUF]UUf_]ﬂSEﬂ

anlguovUNNSYIUDLIAAYSWEBBU shield

Hot

* coolant

out

Moveable
control rod

Concrete

« BowwaoUsuiey (fuel element) GoUtd U-235
HSD U-238 sounu U-235 g e e

= TuLaoLsLadsS (moderator) tWuddaandIuULS) g Craphite core
UaoaqmnUamsautﬁtﬁuUamsaur‘tia‘omucﬁ"w

= LNVADUAUUSAY (control rod) tBAJUAU
UAAseWsdulELAauInduKgolineay aiens e
AdUAUSIUDUTIasauBVLUINS-AUUASEN

= (DS:UNYADIUSDOU (coolant)

. aaunaumsaoUQﬂsm AruALduULAZD VAU
sud Uovnunuuuaniwsvyd (shielding) Cold

m coolant
in




IsuIWWIUDLAQYS

(lonUANsed + S:UUWAATUN + StUUWaans:ualwwi + S:UUHRaoLgUu)

Nuclear power plant

control
rods

i pressure

lllllll

................

5 5 3

containment structure

transmission lines

steam
=D 1rbine electric
", — generator
- '-',','1.“\ Y\
N
57z, \‘ cZ3
NN [
steam nonradioactive
generator ST water vapour
condenser water X\ V]

e

condenser

cool condenser water

nuclear reactor
© 2013 Encyclopaedia Britannica, Inc.

iIntake from lake or river

warm
|- moist air

>./

AR
&8 5
|

(]
“

] 1
||||||||||||||||||||||||||||||

cooling tower

s —_—



Generation IV

=)

Revolutionary

Generation I+

B e
: , Genctanol Evolutionary Designs
Generation | Generafion | B
bl = | i Advanced LWRs I
Commercial Power i
Early Prototypes

2L - Safe
b p— i - Sustainable
# W - ABWR .
< 3%, I - Economical
b T ¥ - ACR1000 - Proliferation
L PN - AP1000 Resistantand
- Shippingport i - System 80+ - APWR Physically
- BWRSs - APG600 - EPR Secure
- Dresden _ CANDU
- Magnox - ESBWR

1950 1960 1970 1980 1990 2000 2010 2020 2030




#1A3DVUNSTITIIASYSLUUIEUNAILAUGY
(pressurized water reactor; PWR)

= WGuriv@awaous:uieu 200-300
urivciortoda 1389tULUIAVDE
ngtuunulASovURNStU

= [JS:UUS:UNgAIUSDUQIEUNNELa
ADIWAUgY (150 tMyavAdIWAU
UsseINIA) U1dva:luldoa THawu
LAULASDVUANSTUILUUIVDSISA LLa:
rthAWuansKuovdde

= JStUUS:UNI9ANUSDOUDVISNdDY U
ADIUAQUCINDIDVNMITEUNLGDA

Containment Structure




#1ASpuUNNsaiddIAduSLUULNLGDQ
(boiling water reactor; BWR)

= MSDDNULUUNAAIEAU PWR ciofiu
NS:UUREDLEUDS:UULAED

= BuRdADWAUCNUS:UIRU 75 thD
UDVADIUAUUSSYNINIA MIKDanIw

Wuudoa

Containment Structure

Reactor
Vessel "

E
e M e e e

M
.-.llr.ll: E ' I n 's

Condenser




#1ASpuUNNSITDIIASYSLUUTELNLIARUN
(pressurized heavy water reactor; PHWR) KSo Canadian uranium deuterium (CANDU)

» JASDuUNNSTUNIELEDLIWAY

gLstiousssus1a U0, steam Vo weter s . electric
=% T = = A generator — turbine ;
= Juiudarun (D,0) MytdAdIuAUN = .. generator
JuNIIADIWAUDUCD Vi |
= (ASDuUNASAUDIVIULUDUDU V¢ heavy water coolant :
constdagutdaiwavlagiucow = == :
HeQLQULASDY l
control
rods
. warm condenser water
T : —
} cool condenser water

light water
= pressure
. tubes

T

I heavy water
moderator




#N1SH1D18gA2935AISUDU-14
(radiocarbon dating)

lagn1sasIvIaUSUITUAT C-14 Atkdoag (N,) dduA
USuieutSuauuoy C-14 (Ng) Us:zloudndsSuiau C-12 uas
K1sA2g 1 awuaiu (10%9)

N
-I # t1/2|'n N—t
Nt —_ NO E - t —_ _lnzo

Jhbhalale | )

1) WBlanucagvndusunsgianmuu

2) Iummsﬂtums:)a:)omanumauﬂﬂ:n 54,000 U Taog1vnndov
Llpvan C-14 nuaatumaenomaa HavlKHADDEYUDYUINHSD
o1vdargadUsua

3) Iummsamsaaaomamamonumauaaﬂ:n HSDCYHAVIINU
A.A.1950 TALlpvIN LLJuuamsumumsUf_]DmammHﬂssuua U
AlsUaauangnsmisuoulooonisa (C-12) DDﬂE—IUSSEﬂfﬂﬂ
dunatioas1daius:Kd1v C-14 ua: C-12 LUaauuUaoIUamomﬂ
SvliawisatisudadiutwaUs:1ou C-14 15udu (Ny) 14

N-14 captures
a high-energy
neutron and ' C-14, along with
Cosmic undergoes » other carbon :
radiation ~ conversion to isotopes (C-12, C-13),
N~ C-14 and H-1 reacts with oxygen

(a proton). to form COZ
\‘\. r—« ~
)— Neutron 0
N-14 C-14 COZ_Q
H-1 (proton) Z

Plants absorb all . &
three isotopes of l
carbon as CO; during
photosynthesis.

Animals absorb C-14

when they consume
plants.

- : .

5]
-, S, . 5y

Intake of C-14 stops
when the organism
dies. Concentration
of C-14 decreases
as it decays to N-14.

N-14
Older remains l "
>
~ have less C-14 & Beta partlcle
than younger

ones.



Carbon-14 remaining (%)

NS:QAUUBITUSITUWUDOS1EdUUDY C-14/C-12 10U
1/4 yyudUogUs:ununUWIUL

217 D01s1dduudY C-14/C-12 wWu 1/4 H3D 25/100

C-14 1 N,

1 half-life = 5730 years C-12 4 No
N
_ NO
; 255% R Py
20 = '|
ok 5730 ln(j
. 5% 4
' ‘ ¢ - [n2
0 5730 11 460 17 190 22 920 28 650 34 380 B n
Time (years)

= 11,460 Yr



#nonssU work@class

LUVNJUNIADNSSU 6.1

UoUHU1gToNgtHsuLca:znau
S-QuUduovUNulQygdSNIS
SO ULIavAIUAQLRU

tHuclaznauunlauo 35Msuniulong Uy,
1) KanMsaATUKSORANWUZIUNONCDY
2) 38MISAIUITUAINHACDY

3) 3SoSuUngLBvwnanssy (3SUnua) NNCov
lagtHNauou a SUWY ua:gnaiutudondudy



