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Course Description (a1asutgsieiu)

ngufaunnsain (Theory of Relativity) nasansadaudu (Quantum
Mechanics) Wandaznau (Atomic Physics) Wanduauaawss (Nuclear Physics)

"

= 4

Wanddaaes (Nuclear Physics)
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“lasedsne” vag “atom” lutaguu (luszau Atomic Physics & Nuclear Physics)

Nucleus

Electron

http://teachtogether.chedk12.com/uploads/images/redactor/ae15d8287f565¢29cf835bd81d92¢c385.PNG
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Z = “Atomic” Number
AU Z 7"

ﬁﬂﬁd?ﬂiﬁ@iu atom 178410 m, = 9.1 X 1031 kg
s du“Ning” Uszq “+Ze” Uszg “—e”
[ [
atom = nucleus + electrons
[
[ |
protons neutrons
[ [
Useg “+e” Uszq “0” (WWunan)
m, =1.672X 10727 kg | | m,, = 1.674 x 1027 kg
AU Z A1 AU N A2
N=A—-7
A = “Mass” Number

wen “neutron” wag “proton” sauAudn “nucleon”
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(1)

(2)

(3)

a L))

“Bavanazfner’”’ Tu “Wandunndes

“29AUTENAV” way “audn’” ¥a9 “Uandud”

(1.1) “asAausznou’” vos “Uamavd”

(1.2) “deydnwal” unu “dapdes” ¥as “519)”

(1.3) “auin” uaz “Aaunuiuuy’” ¥a9 “dlnaes”

(1.4) “Tauudunayy” waz “Tuwua (6??'3@:) wdiian” ¥ag “dandvd”

“Astaniden” aelu “Uandee”
(2.1) wasnugamilen waz wassugawitelsaianaoou
(2.2) usstinmaws

“Autiunn1wssd (Radioactivity)”
(3.1) Exponential Decay Law
(3.2) Carbon Dating
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(4) “wwnesaw (Stability)” wag “nisaatefanuusneg” vas “dundea”
(4.1) Segre Chart

(4.2) msaarearlveuniawean (a—Decay)
(4.3) msaareaqlveuniatinn (B—Decay)
(4.4) nmsdudadianmseu (Electron Capture)
(4.5) nrsaaneaalissdunusn (y—Decay)

(5) “Ufnsentweaes (Nuclear Reaction)”
(5.1) “Ufnsentiuetesadieing
(5.2) “Nuclear Fission”
(5.3) “Nuclear Fusion

(6) “euniayagau (Elementary Particles)”
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(1.1) “asadsznau” vas “Uanded”

Rutherford’s Scattering Experiment (1910-1913)
“n19N321R9” Wae “a—particles” AN “WHUNDIATUING )

Fluorescent screen Gold foil

Most particles

fl
undeflected Alpha particle

emitter

(http://allaboutrutherford.weebly.com/uploads/4/7/3/0/47309895/2912369 orig.png)

“Uszauan” (wae “wlanauneviunvas atoms”)
agsaudafiuagniely “Usiianane assgadudnalsuas atom” Banda “nucleus”
wazisen “nucleus vas atom dnyiga (hydrogen atom)” 31 “proton (p)”
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n1sUsEINIUInYaItiARYE

d
t+2e,Eyq “nucleus” ¥4
._ — ‘ “naen (gold, Au)”
a-particle (S
AINNAY

U tna “nucleus” unnign)

9%. ¢¢

i ‘QAINNGU”: “Weeauaal” vas “a—particle” — “wassudndluiln” vas “ssuy”
E s (Ze)(Ze) J 27 e*
ka = EP T (4mey)d B (4780) Eq

“n1snnaas” vae “Rutherford”: E,, = 7.7 MeV uwaz Z = 79 (nasd) Sy
R CR 10% J-m/C?%)(2)(79)(1.6 x 10~1° C)*

=29.5x 10715
(7.7 X 106 x 1.6 x 1019 ]) m

— “szAUUUIN” U89 “aun” vas “nucleus” (Fsdaendn d) Ae 1071° m e fm
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wanNaIn “proton” uan
anely “nucleus” vas “atom” vas “s1q (element)” A3 “vurnlug)” u
zdaadl “ayniAdy” de “unatamndluin” 1y “asdusznau” vas “nucleus” fae
(faztiu aza5une “waa” vas “s1n” Taild)

"

“neutron (n)”

1[3en “neutron” wag “proton” saududn “nucleon”

a1 a1elu “nucleus” fawnz “proton” winuu Asladn
“u7a” vas “helium atom” (My,) = 2 x “w7a” vas “hydrogen atom” (My)
Tuwauzi 970 “nrsneaas” wuin My, =~ 4My

asunsalvas “lithium atom” wuin My; ~ 6My wnuiazdu M;; ~ 3My
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“n1silag (existence)” vas “neutron”
Tasunissugulaenisnaaasiud 1932 Iae Sir James Chadwick

material containing
a large portion of hydrogen

a—particle
o o— o—
“nucleus” was “neutral particle” “proton”
“beryllium (Be)” K =~ 10 MeV K = 5MeV

“neutron”

84 “nucleus” was “beryllium (Be)” #ae a—particle #ldan “n1saarana” ¥4
“nucleus” was “polonium (Po)” wui i ayniai “Wunaranigliiln & “g1uns
Neanaegs” wagdl “wassuaan” Jszanar 10 MeV viaaeanun Wialv “ouniail”

U
=

ey “aans” 18 “hydrogen” agiludnuauun (wu paraffin) wudn & “proton”
nindeuaauyszain 5 MeV wansanun
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“@uun (U1edsznn9)” vas “electron”, “proton” waz “neutron”

AUUA “electron” “proton” “neutron”
Uszy | —1.60218 x 107*° C| +1.60218 x 1071° C 0 (Junas)
spin 1/2 1/2 1/2
% ~107%%m ~1.2 fm ~1.2 fm
9.10938 x 10731 kg | 1.67262 x 10727 kg | 1.67493 x 10~%7 kg
U724 0.00055 amu 1.00728 amu 1.00866 amu
0.511 MeV/c? 938.272 MeV/c? 939.565 MeV /c?

Unified Atomic Mass Unit (“amu” %392 “u”):

12av94 1 atom w99 Carbon — 12
T = 1.66054 x 1027 kg

1 amu = 931.494 MeV/c? ~ 931.5 MeV/c?
¢ =299792458 m/s ~ 3 x 10% m/s

1amu =
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(1.2) “dyanwal” unu “Uundea” vag “519”

A
Z

“A” fv “tavuqa (mass number)”
Udn “d1uu proton” uay “Inuau neutron” saunu
Udn “A3129” 91 “u7a” vas “nucleus” fAn “Uszunay’” winle

X

“Z” Ao “iavaznaun (atomic number)”
uan “v1uau proton” Tu “nucleus” gawvinnu “aruau electron” lu “atom”
vand1 Wy “nucleus” vas “519” a

“U >4 1 o/ %4 ¢ o/

aryanwalnaail” vae “s1n” (“X7 dunwusiv “Z2”)

v

“X” 1y “fAonus” Falu
“iavtiansau (neutron number, N)” uan “3d1uau neutron” Tu “nucleus”
N=A-7
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“lalalny (isotope)”
“Tawpdea” N 8 “Iruau proton” wirdu (Wusiamaanu)
we & “97u9U neutron” fneAu

“hydrogen” azdl “3” main isotopes Aa
“hydrogen” (#39 “hydrogen—1") — 1H (99.98%)
“deuterium” (v3a “hydrogen-2") — 4D w3s {H (0.02%)
“tritium” (w38 “hydrogen-3”) — 3T w30 3H (t1, = 12.32y)

“helium (Z = 2)” & “2” main isotopes A
“helium—3: 3He” (0.0002%) waz “helium—4: 4He” (99.9998%)

“carbon (Z = 6)” & “4” main isotopes A
11¢ (20 min), 12C (98.9%), 3C (1.1%) waz 12C (5730 y)
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“uranium (Z = 92)” & “3” main isotopes fa
232U (0.005%, 2.455 x 10°y), 235U (0.720%, 7.04 x 108y)
way “ooU (99.274%, 4.468 x 10°y)
“proton” = 1p
“neutron” = 3n
“electron” wise “f—particle” — _Je
“positron” (1{Uu “antiparticle” was “electron”) —» %
“a—particle” @a (“nucleus” va¢) “helium-4” — Ja w3 3He
“photon” #3a “y—particle” - Jy =y

“neutrino” — Qv =v
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(1.3) “auin” uag “aunuituy’” vas “dundva”
iWasan (i) “nucleons” #ieganelu “nucleus” azegiuagns “Inddin”
{lne “usstiamaes (nuclear force w3 strong force)”}
uaz (ii) “nucleon” & “aurnnsi” (Liswsngndusalianas)
—  “UYsuns” vas “nucleus” (V) ag “udsiunse” Au “31uau nucleon (4)”

81 “Uszanad” 91 “nucleus” Aanuwaztdu “nsenan” A3 “Sad r”° azl@dn
4 1 o
V=<§>nr3o<A > rx A3 > r=1r,A"3 lag¥ 1, = 1.2 fm

Am 3m

113 199 1115 =~ 29 M p p

AIMURUILLUY T VB "UIILARAYEH p = 7 ~ 4 = 4 3
— ~ Ads ~ 17 3
p=am=23x%x10"" kg/m

“GUURY” AR18nUYRe “vaunal” — “Liquid-Drop” Model w84 “nucleus”
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(1.4) “Tausandeyu” waz “Taaud (V9g) wiwan” vas “Guades”

> A drwsu “electron” Gadl “una m,” waz “Uszq —e”
— 2 = KB\ -
= _ L=—(=2)L
A = . (Zme) ( h )
I /,J r
< S eh
—_e P e Hy = — = Bohr magnetron

¥ Me

M (g = 5.788 x 1075 eV/T)

=

“electron” & “intrinsic spin” angular momentum (§) Tagdl “s = 1/2” — §
“intrinsic spin” magnetic dipole moment (i) @sduwusau “intrinsic spin”
angular momentum () augaung

Hs = —Jse (%)f = —2 (Hf)g

Fp) <o = “electron spin” gyromagnetic ratio ~ 2 (Lifiviag)

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyaqw§ Wand witaa 15



dmu “proton” &l “ura my,” uay “Us¥q +e”

(i
eh

Wle p, = —— = nuclear magnetron

Zmp

(uy = 3.152 X 1078 eV/T)

“proton” Adl “intrinsic spin” angular momentum (S) Taedl “s = 1/2” — &
“Intrinsic spin” magnetic dipole moment (fs) @9dunUsAU “intrinsic spin”
angular momentum () augaung

— AN DAY
is = g, (7) S = (5.586) (7) 3
e Jsp = “proton spin” gyromagnetic ratio = 5.586  (lsifivniqg)

(l@ann1snaaaq)
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M g, = 5.586 #A1 “Littudnuiuan” venisalaedaudn

“proton” Wu “composite system” (“lsily” elementary particle)

Tutagiu smsuidn

“proton” Usznauniy “Quark™ 3 a2
Taedu “up” quark “2” @2 wag “down” quark “1” @2

Quark Uszqluin spin
CCu 29 + (2) 1
’ 3)° 2
1
“down” _ (_) o 1
3 2
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Tunsdlvas “neutron” wasann “neutron” & “Uszaluin” 1 “gud” (Ju “nane”)
Aelu  d1msu “neutron” az “lid” orbital magnetic dipole moment (zi;)

9819lsNAL 910 “Arsnnass” wudn “neutron” (i) & “intrinsic spin” angular
momentum (S) Taedl “s = 1/2” way (ii) & “intrinsic spin” magnetic dipole
moment (i) @aduwusnu “intrinsic spin” angular momentum (S) auauns

s = gon (5)S = (-3.826) ()

e Jsn = “neutron spin” gyromagnetic ratio = —3.826  (Lidinuae)

b4
%4

nellns1z “neutron” Wu “composite system” Usznaudae “Quark” 3 @2 lng
5 113 ” 19 ¥, 194 b3 N ¥
Wu “up” quark “1” a9 wag “down’ quark “2” a2
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Tunsalvas “nucleus” @susznaunae “proton” Z a7 waz “neutron” N @7 tUas3n

(i) V11 “proton” waz “neutron”
anendl “intrinsic spin” angular momentum (S) (“spin”) lnedl “s = 1/2”
A

(ii) M9 “proton” waz “neutron” 13 “orbital motion” a1alu “nucleus”
WuAe 8198 “orbital angular momentum (L) daw

“total” angular momentum w84 “nucleus” azidu
“Wasay” vae “spin” wag “orbital angular momentum” vas “nucleons” ynAa

1 <
ag19lsnny

dausen “total” angular momentum was nucleus 31 “Nuclear Spin (I)”
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e931n “nuclear spin (I {Ju “angular momentum” fauu
“nuclear spin (I)” aggnseylag “quantum number” 2 47 — “I” uag “M;”

Wa “I” = “nuclear spin” quantum number Fsaursaliandy
“3ruqunse (half-integer)” w3e “drurwdnuan (positive integer)”
I=0 L 1 > 2 >
- 121 )2) Jz)yyy
Tneaziiandu “aArlafudaissanien” velaudu “vlaveas nucleus”
“I” azuan “auin” Y83 “nuclear spin” wruAUFUNUS
-2 2 . -
1| =10+1)R* wie |I|=I0+ 1)1
waz “M;” = “nuclear magnetic” guantum number &saursadian (21 + 1) an
Tag (3u970 “—1 7 WNAUTazriawLe aung <17
My =—1,—I+1,,1—1,1
“M,”3zuan “n152719077 W9 “nuclear spin” Wiuauduwus [, = M, h
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A1 “nuclear spin” quantum number (I) d1%su nucleus U9BUA
“hydrogen” — I(1H) ==, I(3H) =1, IGH) ==
“helium” — [(GHe) = % 1(4He) = 0
“lithium” — I(§Li) = 1, 1(3Li) = 5

“carbon” — 1(11C) =§ 12¢) =0, 1(:3C) =§ 1(4¢) =0
“nitrogen” — I(13N) = 1(14N) =1, I(3N) ==
“oxygen” — I(1§0) = 0, 1(170) ==, 1(180) = 0

“aluminum-27" — 1(%%Al) = E

“holmium-165" — I(*¢&Ho) =~

“g0ld-197” — I(*55Au) = %

“uranium” — 1(233U) = 0, 1(?33U) = % 1(338U) = 0
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Tunsalvas “nucleus” :
“nucleus” 913l “nuclear spin I azdl “nuclear” magnetic dipole moment
— I"lN 2
= tg (_) I
h
donldiasaanang “uan” (Wasan “nucleus” & “Uszqlnin” Wu “uan”)
“g,” = “nuclear g-factor” wsa “nuclear Landé factor”

A1ved “g;”: (1) FJudu “slavss nucleus” wazaiusa wilaann “n1snaass’”
(2) anwnsafiandulang “uan” wag “av”
(3) dan “ldidudnuauian” < “nucleus” {Wu “compound system”

g;(3H) = +5.586 = g, g;(3H) = +0.857, g, GH) = +5.958
9:GHe) = —4.255, g;(5He) = 0
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Nuclear Magnetic Resonance (NMR)

1'%

61 “nucleus” &l “nuclear magnetic dipole moment p;” Taglu “usiias”

=

78 “guruudwvian B = Bé,” agdl “interaction” sewdng “U;” v “B” laef
“interaction” potential energy fa

L o= HNY 3 — Un

U= —p;*B = —g (7) IB = —g, (7) BI, = —gjunBM;
5 “nisuen” vas “szRuwasany” wa “nucleus” (nuclear energy level) [ifiasann
interaction szwins “nuclear magnetic dipole moment (z;)” Au “auruusiwan

B = Bé,”] sanilu “2I + 17 levels sa “aniidulule” wae “nuclear magnetic
quantum number (M;)”

1 “waseu (luguaduusivaniin) Adian (Aaud) ez’ azaunse “nsedu’”
TAAANTT “lUasuszaunassL” (<> 119 “Wasuiian1ni1s21982” 999 1) 19

N “Nuclear Magnetic Resonance (NMR)”
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a2 S 9 29 ot ‘uN C
WITUINIVaY “isolated” nucleon : Us =g\ —]|S

h
- U= —ps*B = —g; (7) SeB = —g; (7) BS; = —gsunBms
“proton”: g; = gsp = 5.586 “neutron”. g = g, = —3.826
1 1
—2.793 uyB for mg = + = +1.913 uyB for mg = +§
+2.793 uyB for mg = —3 —1.913 uyB for mg = —5
1
A m, = +§
_@.826;1,\,81
1
()—'—’I B 5 2
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(2) “nistiawmitlen” aely “Uandea”
(2.1) “wasuBaundes” uas “wasnuBaumieadetiondeau”
N9 “aynia” w1 “agsauny” 1y “szuu” waaed

“AM5ag5uNY” AANUENITIINNTT “Asagueniu’”

“WAIU VB “TEUU” AN “HATIN” VDY “Waee1U” Yae “aunia”
“U9@” Y99 “53UV” Houndn “nasin’ ¥ “ua” v “auna” (Munsauduluszuu)
y_ v 193 9 fec ) 5 P b} =~ 3 S ! 1)

1M29N15 “wenaanesruy” {“uenszuu” sanlllu “aunia” (MSe “asAustnaugay”)
“\Ouddssrany” (“laill interaction sen3nenu”)}
4 QY. 9 Mo 9 & Cmelm oot 3 ratm
zApe “Trinaseu” Au “seuu” Wudsuim “adredaeiign” Wwiniu
“Gaanaumasanundesld” e “wWasugd” Wu “wainiely”

\

“WasuNfasly” e “landaiaszuu’ = “waseutawmidea (Binding Energy, Eg)”

0
7
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Tunsadvag “atom” @9 Usznaune “nucleus” au “electrons Z aa”

“Atomic” Binding Energy (“wassrugawmidad” vas “atom”) =
“wasaundasly”’ Tunis “usn atom” sanidu “nucleus” fu “Z” isolated electrons

“atom” |
“nucleus” “Z” isolated electrons
° ®
> ® + - ®
T « ©
. - = m
“atomic” binding energy = nucleus Zm,
Matom EB (CltOm)

Conservation of “Mass-Energy” —
]\/Iatomc2 + Eg(atom) = Tnnucleusc2 + Z(mecz)
“sgauaunn” a9 “Eg (atom)” Ao “eV” dau“wmaudus” i “szavvuin” 1 lu“MeV”

—  Uszurauladn Moycteus = Mgrom — Z(m,)
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lunsalvae “nucleus” vas“519 X felsenaunqe “Z protons” waz “N neutrons”
“Nuclear” Binding Energy (“wassrutiainiea” va4 “nucleus”) =
“wasaundesld” Tun1s “wsn nucleus X aandu “A” isolated nucleons

“nucleus” “Z” isolated protons “N” isolated neutrons
® o0
&% T e® + e
my EB Zmp Nmn

(“nuclear” binding energy)

Conservation of “Mass-Energy” — myc? + Eg = Z(m,c?*) + N(m,c?)
Eg = (Zm, + Nm,, — myx)c?
fuszanudn “Eg(atom) <« rest energies” azaunsailou Ep 1ailu
Eg = [Z(My, —mg) + Nm,, — (My — Zm,)]c* = (ZMy + Nm,, — Mx)c*
i My = “uqa” va4 “hydrogen atom” waz My, = “w2a” vag “X atom”
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A10819 A9 “wassudawmilen (binding energy)” was SSNi

SeNi — i “proton” 28 @2 wazdl “neutron” 30 @7

&uan “nuclear mass” vas 38N @efid1 57.91994u —
Eg(Ni) = (Zmy, + Nm,, — my;)c?
E;(Ni) = {(28 x 1.00728) + (30 x 1.00866) — 57.91994}uc?
MeV
CZ

Ez(Ni) = (0.5437)uc? = (0.5437) (931.5 )cz = 506.5 MeV

&ruan “atomic mass” vas 3ENi Fefid1 57.93534u —
Ep(Ni) = (ZMy + Nm,, — My;)c?
Ex(Ni) = {(28 % 1.00783) + (30 x 1.00866) — 57.93534}uc?
Ex(Ni) = (0.5437)uc? = 506.5 MeV
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TunrswlSauiiau “anutEnes” sewane “dandeduianes” azldan

“Wassudamtenaliandoau
(Binding Energy per Nucleon, Eg/A)”

“nucleus” Milen “Ep/A” gega fia “nickel-62 (S2Ni)” Tnsildn 8.795 MeV

(“atomic mass” va9 S5Ni Ao “61.92835 u”}

“nickel” & 5 stable isotope” #a 35Ni (68.077%), SINi (26.223%),
6LNi (1.140%), $2Ni (3.635%) uaz SaNi (0.926%)
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Binding energy per nucleon (MeV)
ot

e’H

0
0 100 200
Mass number A

(http://www.physics.ohio-state.edu/~kagan/phy3ss7/Lectures/Image1a 3.Jpg)
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(2.2) ussinmdws (Nuclear Force) 3o ussliawndesadnauss (Strong Force)

—> u39f “8a nucleons” (“protons” waz “neutrons”) Wdaeiu “ateTu nucleus”
5§l “szaz¥inns” duun (short range) ~ 1 fm
— Tuszezninis(~ 1 fm) 228 “aruuse” urnnin “Repulsive Coulomb Force”
3139 “protons”
— lifufu “sfin” vas “nucleon” (lidufu “viin” vos “Uszgluin”)
Ucr Ucro

Neutron — proton \—J Proton — proton
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“Yukawa’s Theory” of “Nuclear Force” (1935)

“usellamdes” naan nisuaniaeu (exchange) “aunia” serdng “danaaau’”
1380 “aun1a” 4 91 “m—meson (wg-lvau)” wsa “pion (Wrweawu)”
(“EM force” tinan nisuantasu “photon” szwing “charged particles™)

n13 “Uszanae” A1 “uqa” vas “r—meson”
Iagly Heisenberg’s “Energy-Time” Uncertainty Relation: AE At ~ h

R “graafauiign” Namnse “div” ayaia “pion” Ao
T tmin = — = At ~tpin = —
‘ 2 ‘ c c
Special Relativity — E, = \/(pc)? + (m;c?)?

nucleon1 nucleon 2

(En)min = mnCZ - AE ~ (En)min = mncz

N AE At ~ (m,,c?) (R) h h__h
~ — |~ — = =
M€ C M Rc 2mRc
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h (6.626 X 10734 ]-5)

- = =234 x 10728 k
7 Mm T onRe  2m(1.5 X 10-15 m)(3 x 108 m/s) 5
— my,; = 2.34x 10728 kg ~ 257 m,
—> me <mg = 257m, <m, =~ m, = 1800m,

(“meson” <> “middle” weight)

—  Tud “1947” wu “m—mesons” Tu “Cosmic Rays” — & “3” ¥iia
+ 0 -

T T T

“Usgqlnvia” +e 0 —e
“419@” 27323 m, 2644m, 27323 m,
“spin” 0 0 0

—  “proton—neutron” interaction wnvnnIsuaniUdeu T Wi T
nept+n  peont+nt

—  “proton—proton”/ “neutron—neutron” interactions <> n1suaniasy °
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(3) “Ausiumnwied (Radioactivity)”
(3.1) Exponential Decay Law

“Unndeanudunied (Radioactive Nuclei)” wueiis
“Uawpdee” (vas “519”) 1 “lutedes (unstable)” #ia3nagla “drszaziiamils” uwan
“ganafq (decay)” wise “wnna (disintegrate)” \u “dandeadu” N3 “vunaanas”

157 tldaN5aUNAREIURANIZLAILRIT wAAZUARYENULUASIE 22 “datenuilaln”
vanlalundvas “lontanazinnnisaalrsna’

187 $uau “Danduaiuiunied” Mvaeat
0 N,
t N(t)
t + dt N(t + dt) = N(t) + dN(t)

Wee1n uandiedeaiuiunied “anas” le a1 “WhnIL” — “dN ()" Ju “au”
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“autlunniw [activity, R(t)]”
= “DRIN15da1902”° VY “UNAAYENUAUNSIE a4 12an “t”
U “UaAfeanulunsId” 1 “dateallu” Tu “da99a1 1 U™ ad a1 “t”

dN(t)
dt

a3 i « s i s . Haedes
wue”vas“activity, R(t)”:  [R(t)] = —57 = ‘uawaisa (Becquerel, Bq)

R(t) = —

1 Curie (%) = 3.7 x 101° Bq

R(t)E—d]Z—Et) x N(t) - dl;—it)z—/lN(t) - dN(t)——/ldt

“A” = “decay” (w39 “disintegration”) constant (A1AsAUBINTTAANYA?)
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N gN (¢ t
“integrate” —> ) = — lj dt — [enN®OI" = -2[tl§
e NO ; °
N(t N(t
— an(t)—an(,:fn[ ()]=—/1t — ()=e"1t
No No
\J
N(t) = Nye
“Exponential” Decay Law
\J
R(t) = an(e) _ AN(t)
T dt
“Activity”
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The curve representing the law of radioactive
decay is shown as below:

Number of undecayed
nuclei at time t——

L I~ MVo/16
e et
- Ty 2Tq2 3T4p2 4742 5Ty
Time () ——
Decay curve for a radioactive element

(1)
https://farm6.staticflickr.com/5629/22949694554 481d458f59 o0.png
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=2 Aa

“assvan (half-life, Ty /,)”
“9291787” N “IUIUTMAFIANUIUASIE aNAUNAD “ATINUL VDI “IMUIULBUAY”
2 2

N(t=Typ) =

N
N(t) = Noe™ - N(t=Ty)) = Noe *T1/2 = 70

—1T12—1 AT12 — — —
e M1/ =5 > e /2 =12 - (take fn) —» ATy, = ¥n2 = 0.693

tn2 0.693
T1/2: 1 — 1
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“@rgvuiang (mean-life, 7)”
N(t) = 3uu “Uapdeanudiuniesd” 9 “wtesy” o 1ian “t”
—dN (t) = 3 “Uraeanulunssd” 1 “aatea?” Tugaaan t de t + dt
& A o «“s = v vy, d A o ; : 99 Lot Ay 66p99
[@9nAD AU “Uaraganulunssd” 1 A “o1gve (lifetime)” wnau “t™]
(eglaunu t fouazaanedn)

N(t) = Noe ™ - dN = —ANje *dt - —dN = ANye *dt
N({t)=Ny > t=0wuwaz N(t) =0 - t =00

Co

1 ® 1 1
= — N. —At = J —At = (—) = —
=N t(ANye~*dt) = 2 ( : te dt) il = 7

N
N(t =17) = Nye ™™ = Nye™! = —
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® 1
teMdt = —
J =

1935 “integration by part” : [ udv =uv — [ vdu

W u=t uwar dv=eMdt ald du=dt waz p=—

-At - _ _ -At _ —At
jo te"*dt = A[te 1, +/JO e~ Mdt

*© 1 00 1
= — -1 —
jo te tdt—O—/l—z[e t]O _ﬁ
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(3.2) Carbon Dating (n1suanenguaswndsiidin Taeld carbon-14)
—  “carbon—14" Ju “radioactive isotope” wes “carbon” [tinan “n1syu”
5$1319 “cosmic rays” (aanuanlan) Au “CO,” (luusseiniavasian)]
—  “carbon-14” ag “@aei” wuu “f~ — decay” laedl “Ty , = 5,730 0"
12C - UN+ Je+v

° 14 14
AU C N(*¢C r
N - 12 = % ~ 1.33 X 10712 ~ ag#
MU 2C N(2C)
6~ / Tuussennia 6 Tuussennia

—  FYIan “delainng” aziinsuaniasu “CO,” AU “Eeinda’

llv(l‘éC)
12
N( 6C) Tudadid

a oo '
fYanaslinne

9

~ 133X 10712 ~ g}
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—  WedWYIM “a1e” — “vga” nsuanideu “CO,” AU “Aawannan” —
91U “carbon—-14" (ludelidin) 2z “anas” (“aareda” us “lulasuiny’)
Tuvazi 31wy “carbon—12" (ludedidin) 2z “ash” (Wu “stable isotope™)

N('3C
[ﬁ <1.33x 10712
(76C) TudediTIniiansuda
= Wt = 0 Junafidedidin “ae” wag 31w <140 a1 “vaan t = 0” fa N,
N
—— — =133x10"1?
N(6C)

— T 2w “12C” iwmdeed a1 “vian t7 Aa N(t) azld
N(t)

—— = x (%31 < 133 x10712)
N(*50)

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyqu§ Wand witaa 42



N() X
N, 13x10°12

14 “exponential decay law”: N(t) = Nye * = Nye~(n2/T1/2)t g5l
X
1.3 x 10-12

13 a7 uag “A” (e “Ty,”) asdunsa w1 “t” la
Y

1t = n2 f—p ( X )
- \n,) T \aE3xi0

1 T
t=—7tn (1.33 xx1o-12) - (%) tn (1.33 xx10—12)

e—).t = e—(‘gnZ/Tl/z)t —

\J
1Y3n”

1 “218” va9 “¥1n” Yae” “HllTIn

16 (37 “@ne” uruuinle)

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyaqw§ Wand witaa 43



A18E19
TugniNsAunils 9nTdIUTENINAISUBL-14 farITUBUaaniiAl 0.618 X 10712
WATWUTN BRTIEIUTENINAITUBL-14 Auarsusunesruatuussenadagiuiianluy

1.33 x 10712 aguringaudmeuindny (Trussanudn dnsidiuseninennsuau-
14 Auarsuaunaualuussenialuvasnigaedaitnuludagliv)

(i) andeyannnuali asladn  x = 0.618 x 10712

v

(ii) A3uau-14 i “A3eT3n” Ty, = 57309

T. X
—> 1/2
£=—(22)
({’nZ) n(1.33x1o—12)
L _ (57300 0.618 x 10~12 aac
- ~ "\ Tz )™M\ 133x1012 /T
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130

(4) “wanesnw (Stability)” waz “arsaansfauuungg” va9 “dandesd”

120
110
100
90
80
70
60
50
40
30
20
10

Number of neutrons

(1.5:1 ratio?g%ng

Belt of i
stability

(1.4:1 ratio) 1%8 Sn \ i

(1.25:1 ratio) 40 Zr N

el

1

=i 1oL

el

1:1 neutron-to-
proton ratio

%

(4.1) Segre Chart

10 “NFINLEAIAMUFUNUS” 589119 “INUINTINTOU
(N)” wag “auulusaou (Z)” ﬁﬁagj"lu “Tuadeai
waes” {FaSendn “Segre Chart” (81ud1 “wsn”)}
WU
> “Puadvaiiados’ 9:d “N” waz “Z” I8 “uredn”
5 “Puadvaiiados’ A8 “vuradn” 9zll N ~ Z
— “Gupdeafianes” A3 “vuialn” el N > Z
(vuala — AlUsAaUNIN — wssRannIslWniun
— foaiiuiiansou taliauLsfgn)

10 20 30 40 50 60 70 80 —> L33 “YAMAsEMEReS’ Nl Z > 84

Number of protons

(http://wps.prenhall.com/wps/media/objects/3084/3158429/b1b2102/b121fg02.JPG)
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“Tapagd” N8 “UIUTINTDU” haL/unse “aurulusnou’” nag/unse “onsidu”
YN “PIUUTINTOU NU “Druulusnan’’ ldwunzay 9z “Usuna (danen)”’
lngn1suday “oun1Aueviln” aanun

(4.2) msaangaalvieyniauaan (a—Decay)

a9a1n “a—particle” Aa “nucleus” vas “helium” (FHe) AU “aun1suaninis
daneaauuy a—decay” azdsuldidu

“parent” “daughter” “o—particle”
A A—4 4
2P = 7Dt oHe +  Qq
mp mp Mg

e “Q,,” fe “wdanuitldainnisaaneda (disintegration energy)” wuu a—decay:
— 2 2
Qa — (Zmbefore _ Zmafter)c — (mP — Mp — ma)c

= 13 YV 99 4 < e - 99 © 'y
ANSEU “aunistananisaaeni’’ azdawduluaiu “Conservation Laws” §1usu
(i) Uszalwila (“atomic number” Z) waz (i) 3ruauilangaau (“mass number” A)
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“Asaangnd” Azl “Toma” ez “iAaduldies” We “Q,” Handu “uan”
(81 “Q,” Wu “av” — “asdansia” 3z “inndualild”)

a1 faunIsaaneia “parent nucleus” agils uaz viasnsaaen “decay products”
aglu “ground state” — “Q,” azaglusu “wasuaail” vas “decay products”
(“daughter nucleus” wag “a—particle”)

A A—4 4
“rest” energy = mpc? mpc? My C
66k° ML
inetic” energy 0 K K,

Conservation of Energy — mpc? = (mpc? + Kp) + (myc? + K,) —

Qq = [mp —mp —my]c® = Kp + K,
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4P - 475D+ 3He + Q,
Tumwmauwes “atomic mass” azla

Qq = [mP — Mmp — ma]cz

Qu =[(Mp —Zm,) — {Mp — (Z — 2)m,} — (Mpeq — Zme)]cz
Qo = [Mp — Mp — Mye4]c?
A98I 228Ra (radium) —» 3He + 22%2Rn (radon) + Q,
“atomic” mass (u) » 226.02541 4.00260 222.01758

Q, = (226.02541 — 222.01758 — 4.00260)uc?* = (0.00523)uc?
Q, = (0.00523)(931.5 MeV/c?)c? = 4.872 MeV
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Q

1fAauNsEaERa 255Ra aaua azld91 232Rn waz JHe zdauilufiAnsatiuiuy

uaz §1UsENIUIN Vg, AT v, Uesndn ¢ 410 AzlA
Conservation of Momentum — Pp, = —P, — /2mp,Kp, = /2m,K

K —(m“)K
Rn — mRn (04

Conservation of Energy >  Q, = Kz, + K,

me m, +m m
Q0 = () Ky + Ky = (F ) K, > K, = (2] g,
mRn mRn ma+mRn

222
5 K. ~(—222_) (4.872 MeV) = 4.786 MeV
a <4+222>( 2 ©
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Tuvinusafenu agla

my 4 )
Ko = ~ [————) (4.872 MeV) = 0.086 MeV
Rn (ma n mRn) Qa (4 7 222) ¢ eV) ©

88 Ra 226 (1600 a)

28.2 4.871
C14 o o a...
' 26-1079% 47843 MeV 4.601 MeV
/' 93.84% 6.16%
0.0
82 Pb 212
(10.64 h)
VY-
, ' 0.186
v 186 keV/| !
3.64%| !
0.0

86 Rn 222 (3.8235q)
(https://www.nucleonica.com/Application/ReducedDecaySchemes/Ra226 RDS.png)
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(4.3) msaaneaalvieyniadnn (f—Decay)
wuatdu “2 wuudes” Aa B —decay” waz “Bt—decay”

Weean “B~—particle” fAa “electron” (_Je) Asuu “dunisuansnisdatgfauu
[~ —decay” azdeulddu

“parent” “daughter” “electron” ‘“‘antineutrino”

p g
A A 0 T _
7P - 4D+ 1€ + v + QB
mp mp m, m, =0

“Qp-" v “wasnuilanarsaaneda (disintegration energy)” wuu B~ —decay:
_ 2 _ 2
Qﬁ‘ = (Zmbefore - Zmafter)c = (mp —mp —m,)c
wadldidy §n - 1p+ _Je + v Fadafu“free neutron”dae (T, = 15 min)

n1saaneAluyU f—decay —  “duuiingaun’ 3 “anas”
— iAnlu “Gaunrded” N “Guansauniniuly”
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1 > LAD+ et 7+ Q5
Tuwauvas “atomic mass” azla
Qp- = (mp —mp —m,)c?
Q,B‘ = [(MP - Zme) - {MD _ (Z + 1)me} _ me]cz
Qp- = (Mp — Mp)c?

A8 ; BN - 30 + _Je + v+ Q-
“atomic” mass (u) —» 16.00610 15.99491

Q- = (16.00610 — 15.99491)uc? = (0.01119)uc?

Qp- = (0.01119)(931.5 MeV/c?)c? = 10.42 MeV
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Weean “BT—particle” Aa “positron” (Ye) AU “aun1suansn1saalgfanuy
+ 99 a v
[ t—decay” azweulaidu

“parent” “daughter” “positron” “neutrino”
A A 0
7P - 4D + e + v + Qg+
Mp mp m, m, = (

“Qp+” fa “wasnuitlnannnisaaneda (disintegration energy)” wuu S *—decay:
_ 2 _ 2
Qﬂ"' = (Zmbefore - Zmafter)c — (mP — Mp — me)c
wadlddnlu 1p - jn + e +v Fe“fnvduldneluiuedes” vy (m, < m,)

nsaatefnuu fT—decay —  “duaulusneu’ Az “anas”
— nalu “Dunged” 7 “Qlusaauunninuly”
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P = ;4D + e+ v+ Qp+
Tuwmanves “atomic mass” azla
Qg+ = (mp —mp —mg)c?
Qp+ = [((Mp — Zm,) — {Mp — (Z — 1)m,} — m,]c?
Qg+ = (Mp — Mp — 2m,)c?
AR08 : 570 > 3iFe + 9e + ¥ + Qp+
“atomic” mass (u) > 56.93629 56.93539 0.00055
Qg+ = [56.93629 — 56.93539 — 2(0.00055)]uc? = —(0.0002)uc?

Qz- = —(0.0002)(931.5 MeV/c?)c? = —0.19 MeV

- Qp+ \u “au” —» maawiuuu B —decay vas 37C0 “iRavulaild”
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lun1saanaaauuu “B—decay” azll aunia “neutrino” 9 (i) “WWunaramaluiin”
waz (i) § “u7a =~ gud” (“doungqq”) AaTudae

&1 'laifl “neutrino” vindu (fiawnz “daughter nucleus (D)” waz “S—particle”)
2gl@91 “wassuaay” ves “F—particle” azdl “Arwduean” (\Wu “2-Body Decay”)
INNIINAFBI WU “WEeuaa” vas “B—particle” fn1s “nszanvatnesiaiilas”

. Faasureladn Wumwsne
Positron energy spectrum from o
5o beta decay of *!Cu “B—decay” Ju “3-Body Decay”
EE (P->D+p+v)
Y
m =
-] Q of the reaction T Cratana. ’
s Y UN1g Ll,_mwawm |
3 o A T 521219 “B—particle” nu “neutrino”

Positron kinetic energy in MeV

(http://hydrogen.physik.uni-wuppertal.de/hyperphysics/hyperphysics/hbase/nuclear/beta.html)
(eaialu “daughter nucleus” azdl “aunalug)” 39 “wuswasauliinesdaife”)
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(4.4) msdusadianaseu (Electron Capture)

“aadeanilusaounn” U “Siannsauiiaglnds daagdes [K—electron (n = 1)
wsa L—electron (n = 2)] inlu “dundedlninilusnouanas (Z anas)” uazl
n1sUaee “neutrino” aanun (ad1e BT —decay ua “lifinsudesdiannseusanun’)

“parent” “K-electron” “daughter” “neutrino”
A 0 A
zP + _1€ = z1D v + Qg
Mp m, mp m, = 0

“Qge” Ao “wasuiildainnszuiunsiudndidnasou (Electron Capture)”:
= 2 _ 2
QEC = (Zmbefore - Zmafter)c = (mP + me — mD)C

Qec = [((Mp — Zm,) + m, — {Mp — (Z — 1)m,}]c?

Qpc = (Mp — MD)CZ
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d1u3u BT —decay waz Electron Capture
“parent nucleus” waz “daughter nucleus” azwliouiu (\Uugifeaniv)
fetu a1 Qg+ = (Mp — Mp — 2m,)c® waz Qpc = (Mp — Mp)c? azladn

Haeaganausagatafuy f—decay
azaunsatna Electron Capture 1adae

Qg+ >0 = Qgc>0
Tuvauei
fuadeaiia Electron Capture 1§ a1aazlisnunsagaiedawuu B —decay
Qec >0 # Qg+ >0
@anandulUlei Qge > 0 ud Qp+ <0)
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P = ;4D + fe+ v+ Qg+
Qp+ = (mp —mp —m,)c? = (Mp — Mp — 2m,)c?
‘éP + _ge g Z_/llD + v + QEC
Qgc = (mp + m, — mp)c? = (Mp — Mp)c?
AI9814 | Be + e - B + v + Qg

carbon boron
“atomic” mass (u) —» 11.01143 0.00055 11.00931

— N9 Qg+ uag Q¢ W “uan” — ifinld “vie B*—decay wag Electron Capture”

29819 | sBe + Se - ILi + v + Qg

beryllium lithium
“atomic” mass (u) > 7.01693 0.00055 7.01600

— Qg \Uu “uan” ud Qp+ U “au” — 1iald “tawg Electron Capture”
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(4.5) nisaanwdalisedununn (y—Decay)

“ArsUsulasudaniuy’”’ vag “dapaed’
N “HOTUSNANAUGL” U “anuzninassruninin’”
Tnans “UanUdaae/mne” wassuaanuilugy “Aduusimantni”

“y-ray” wsa “y—particle” Aa “photon” &ulu “aynin” vas “aduuimaniui”
“dunisuansnisaaneniuuy y—decay” Weaulmdu
Ap* A
zP" = 7P +y

laifinsiAsy “mass number (4)” wag “atomic number (Z)” (<> “Uszglniin”)
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(5) “ujnsediandes (Nuclear Reaction)”
(5.1) “dfizeiianfesatnedng”

84 “target nucleus (X)” @ae “incident particle (a)” ldnaawsidu
“reaction product vwaLan (b)” waz “reaction product vualwgy (Y)”
cc Y o/ Goy . |aaa a = 1 1 1 9 tgll =
deydnwal” unu “Ufisentiaedesegnedineg” i As X(a, b)Y

o—
a
“nuclear mass” mg
“kinetic energy” K, 0 K,x Ky K,

Conservation of Mass-Energy —
(Mac? + Ko) + myc? = (myc? + Ky) + (myc? + K,)
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“Q-value” w3a “Reaction Energy”™:  Q = (XMpefore — X Masrer)C>
Q = [(mg + my) — (m, + my)]c? = (K, + Ky) — K,

“0” \Ju “uan” — “nuclear reaction” § “Ten1a” vz “indulALae”
> 1017 “A1INaeu” 9anu1 — WU “exothermic” reaction

“0”u “au” — “nuclear reaction” ag “iindutaglaila”
4 QY. ¥ 1k =X ¢ 99 & T~ £ Yy
— f9 “linasesn”* 39928 “Tana” N2z “iRinduld” —
\Ju “endothermic” reaction
* TugUvas “waseruaail” wae “incident particle” wawaesuluiu “ua” uae

‘e o/ Go9 I3 = 99 2 v 4 [ . [ ¢
WAa9UIaN” ¥as “reaction products” [Fedesdanndasiu (i) ngniseusny
WAU-9a waz (il) ngn1sayInuluuuaiLgadu]
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“wassuaantesinga (‘Threshold” Kinetic Energy)” was “incident particle”
[Besanndasiu () ngnisaysndula-wasu waz (i) nnisausndluuuaudadu]
fagvinlet “nuclear reaction” 93l “Q” Wu “au” awnsa “Baduld” (Ky ) :

warsansan “nuclear reaction” Tu “Laboratory” Frame (LAB Frame)

i “reaction products”
“incident partlcle” X (agiks) P
N @ = @R
P, “target nucleus”

Conservation of Mass-Energy —
(mgc® + K,) + myc® = (myc?® + Ky) + (mpc? + K)

Conservation of Linear Momentum — ﬁa = I_”Y + I_5b

— W1 Ky ¢, Wen (“reaction products w3gaesia” sef “Tn1siadaui”)
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d1315091 K ¢, 109789037 aaiasannisiie “nuclear reaction” Tu “Center of
Mass” (vi3a “Center of Momentum”) Frame (CM Frame) [\Uu “nsausneds”
a1 “Taaududadusin” Ju “aud”]

waulvwas K, ¢, Tu CM Frame fa “reaction products ¥nda” # “luiuuauidadu
(wazwassuaad) Wuaud” [@e (lu CM Frame) Lidangniseysnyluwudugadu]

. _ “target nucleus” « : v (s
“incident particle” J reaction products” (agjils)
a @ — ‘ X —= ‘ o
Pa:cm PX cm b
CM Frame “a’ cy wy» «py
rest energy myc? My c? myc? myc?
Kinetic 1 . 1 ,
energy Ka:cm = (E) MaVa:cm KX:cm — (E) MxVy.cm 0 0

(nelanisuszanain v K< ¢ )

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyaqw§ Wand witaa 63



Conservation of Mass-Energy —
(maCZ + Ka:cm) + (mXCZ + Kx.cm) = TnYC2 + mbC2

Ko.om + Kx.em = _[macz + 7nXC2 - TnYC2 - mbcz] = —Q

1 2 1 2
(_) MyVi.em T (_) MxVx.cm = —Q

2 2
— - - + (= % 2 — _
(2) Ma (ma -+ mX) Va (2) X (ma + mX) va ¢

1 m2 m.m
2 X a''tX
_ + —
(2) Mava {(ma Fmg)? " (mg + mX)Z} ¢

1 m m
2 X X
—\Im.v _ | = K _ ) = _U
(2) aa (ma + mx) ath (ma + mX)

mg, + my
K = — (—) Q
a,th my
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N1 “A21u32” ¥a9 “incident particle” wag “target nucleus” Tu “CM Frame”
(va:cm LA vX:cm):
AMULFIVBAAUINaNINIa (Vi)

— - — —
. mgrg, + myry - mgyv, + myvy
Fem = — Uem =

mg, + my mg, + my

Tu LAB Frame: incident particle finana32 ¥, wag target nucleus agifl Vy =0

Y

mal_;a

v -_— —
M mg + my

mava my Tja

Vgem = Vg — Vem = Vg — =
a.cm a cm a ma + mX ma + mX
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Aaoe19  “1% Nuclear Reaction” (Rutherford: 1919)
YN(a,p)'50:  FHe(a) + MN - iH({@) + 30
“nuclear mass (u)” — 4.00150 13.99922 1.00728  16.99473
Q = [(mg +my) — (m, + mp)]c? = (—0.00129 u)c?
Q = (—0.0014)(931.5 MeV/c?) ¢? = —1.20 MeV

“O 1 Ju“av” — “nNaeslild” — dae “Tinaseu” Tusd “wassnuaail” ves He(a
B 2

“wasesuaaundesiiga (‘Threshold’ Kinetic Energy)” was jHe(a) fiazvinli
“nuclear reaction” 4 “iindula” A

my + ma) 0] (18.00072
my 13.99922

Kyen = ( )(1.20 MeV) = 1.54 MeV
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Tunnsmeass Rutherford 19 a—particle [@aiinannnisaatasiavas Polonium-214
(214P0)] fifindssuaadl 7.68 MeV Feanunsassunelddn Tu nuclear reaction 4
waNIINHBININENUAVES a—particle iawAsuluidu “wauazndesuaa
994 reaction products” uda a—particle faazdosfingsauaatiunnnafiazonvuy
“repulsive Coulomb force szwine a-particle uaz dadgavas nitrogen” fae

1I51ENNsAUTENIUAT “WasTUIANYRY a—particle” Rdasldinatanvus “repulsive

14

Coulomb force sz#i19 a-particle uaz dadgavas nitrogen-14” lanseil

174 1
= <)

duydn nuclear reaction invwila a—particle (3He) dudanuiinadeavas 15N

d

B S

a(5He) 12N

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyqu§ Wand witaa 67



270 R = RyAY3 = (1.2 x 107> m)A/3

2zl R(3He) = (1.2x 107 m) x ()3 =19x10"m
uway R(MN)=(1.2x10"%m) x (142 =29x 107" m
Favfu d = R(4He) + R(%4N) = 48 x 10715 m

frauyAdn Uszalialudaedsasiuiusgiigaaudnans azlé4n repulsive Coulomb
potential energy (E,) Ao

1 Q.Qv 1 (2e)(7e) 1 1l4e

E = 1%
P (4mey) d = (4mey)  d (4mey) d ©
B, = (9 x 109) X LO XA 20 Mev
p = ) agx10 5 oV =420Me

— a—particle asduranuianaeavuas TN ladeslindssusatagstios 4.20 MeV
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—  adetley a—particle Aaslindssuaad

b

Wardasudy “una” uay “wassuail’
284 reaction products

\
K, = 154MeV + 420MeV = 5.74MeV

0

a1z “repulsive Coulomb force”
381319 a—particle was dadagdavas nitrogen-14

— wlna “Arannisnaaes (7.68 MeV)” unau

— WJuiiigs “nmsuszana’” waz “deldldAniiswavas strong interaction”
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(5.2) “Nuclear Fission”

“nuclear reaction” 913l “reaction products” Usznaualg
(i) “faedsavuianans” 2 daaavd gasendn “Fission Fragments”
Y3 =S TR SC S TPy 29 &
waz (i) “euniAvuraan” (undu “dansau’”) 2-3 A7
“15 Nuclear Fission” (Otto Hahn wag Fritz Strassman: 1938)
no+ BU - 3BU0)r-> X + Y + m(n
“slow” neutron uranium “fission fragments”  neutrons

- 1%lBa + 3Kr + 3(in)
barlum Krypton

- 189%e + 255 + 2(in)
Xenon strontium

way “dnvianeq wuu” Mdulula

“slow” neutron — wdauUN “¥1” — § “lanage” Nz “gnIv”lne “Hundus”
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AU “Arnaseruntaain nuclear fusion”

210 “ATIN” S2rIN9 “wasuBaileasaiaaaseu (Binding Energy per Nucleon,
Eg/A)” fiu “iavuda (Mass Number, A)” (auii 30) agladn

—  Eg/A w93 “Uranium” fisnuszunae 7.6 MeV/nucleon

—  Eg/A w93 “daedgavuianaieg” daruszana 8.5 MeV/nucleon

= “pswanea’’ 989 “Uranium” aaniu “dapdgavuianaies 2 daades”
lv/UanUanenasauaanin

Uszunaw 8.5 — 7.6 = 0.9 MeV/nucleon

Ussuiad 0.9 X 235 = 211 MeV

SCPY158 Physics 11 2562 — Nuclear Physics - Theory NANT ygyqu§ Wand witaa 71



A15ATU20 “Anassuntaann nuclear fusion”

in + B - %lBa + 2%2kr + 3(n)
“slow” neutron  uranium barlum krypton

atomic mass (u): 1.00866  235.04393 140.91441 91.92616 3(1.00866)

Q= [mn + My —Mpg — Mgy — 3mn]C2

- [mn + (MU - 92me) - (MBa - 56me) — (Mg, — 36m,) — 3mn]C2
Q = [My — Mg, — My, — 2m,]c? = (0.18604 u)c?
Q = (0.18604)(931.5 MeV/c?) c¢? = 173.3 MeV

Q—1733—O737MV 1
1= 3¢ eV/nucleon
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n o+ B0 - Bxe + HBSr o+ 2(8n)
“slow” neutron uranium Xenon strontium

atomic mass (u): 1.00866  235.04393 139.92164 93.91536 2(1.00866)

Q= [mn T My — My, — Mgy — Zmn]cz

Q = [mn + (MU - 92me) - (MXe - 54‘me) - (MST‘ - 38me) - Zmn]cz
Q == [MU — MXe — MST - mn]Cz == (019827 U)Cz
Q = (0.19827)(931.5 MeV/c?) c% = 184.7 MeV

Q—1847—O786MV 1
1= 235 eV/nucleon
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n1stan Nuclear Fission aau Liquid-Drop Model wastiawndea

fission fragment

“Neutron Capture” fission fragment
1IN15UTA N aSNANISEU

(https://www.studyadda.com/notes/jee-main-advanced/physics/nuclear-physics/nuclear-fission/8656)
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Ufisenanlay (Chain Reaction) waz wufnsaiusunay (Nuclear Reactor)
(i) Tunasia nuclear fission was uranium-235 & neutron adutady 2.5 §9

(ii) &1 “neutron Mindu” lyuuazgniulaeiiafeadiauvas uranium-235 ag
\in nuclear fission sawiasiudugnly — “Uffisegnly (Chain Reaction)

(iii) nsmauax “Ujnsenanly”: aesaduauly “duu neutron Naunsavinlviiia
nuclear fission sia” Fa3andn “reproductive constant (K) fadu “wile”
— Tda5unsagne [1vu uaawiss (cadmium, Cd)] aanau neutron unedauld

(iv) “vurnveseans” Inaddmsunisiin “Uinsegnle” (ianunsaalunula) sendt
“guindnga (Critical Size)”

(v) Weasan uranium-235 azau slow neutron 1aa — daeinly neutrons yitin
970 nuclear fission fnassruaias (waauidias) — ansavinlalagdali
iraBuTIHIUAInaNe (1u boron, graphite, w1) @asendn “Moderator”
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(5.3) “Nuclear Fusion
“Duadeasudy’ Usznoudie “Gundeavuindn” 2 Saaded
“reaction products” Usznaudiae (i) “Sandeaisivualnadu” 1 Sundes
waz (i) “aynmavunnian” Sruunile
Aaee  Ansiusnau-lusaeau (“proton-proton” cycle) — RaTuuY “ansending”

Stepl: 21H + 2iH - 2%iH + 27e + 20
proton proton  deuteron positron
Step2: 21H + 2%H - 23He + 20,
proton deuteron  helium-3
Step3: 3He + 3He - SHe + 2i1H + Q,
helium-3 helium-3  helium-4  proton
“Nasan’ — 41H - SHe + 2% + Q

Q =201+ 20, + Q3
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nsATUINAT “wasauitldaniginslusneu-Tusmau (‘proton-proton’ cycle)”
Stepl: 2iH + 2iH - 2iH + 2je + 20,
proton proton  deuteron  positron
“nuclear mass (u)” 1.00728 1.00728 2.01355  0.00055
“atomic mass (u)” 1.00783 1.00783 2.01410  0.00055

Q1 = [Zmp —Mmp — me]cz

Q1 = [Z(MH - me) — (Mp —m,) — me]cz
Q1 = [2My — M) — Zme]cz
Q; =[0.00046 u]c2

Q, = (0.00046)(931.5 MeV/c?) ¢? = 0.428 MeV
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Step2: 21H + 2%H - 23He + 20,
proton  deuteron  helium-3

“nuclear mass (u)” 1.00728 2.01355 3.01493
“atomic mass (u)”  1.00783 2.01410 3.01603

Q2 = [my, + mp — Mye3]c?
Qz = [(MH - me) + (MD - me) - (MHeS - ane)]c2
Q2 = [My + Mp — My,3]c?

0, = [0.00590 u]c?

Q, = (0.00590)(931.5 MeV/c?) ¢? = 5.496 MeV
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Step3: 3He + 3He - SHe

+ 2I1H + Qs

helium-3 helium-3  helium-4 proton
“nuclear mass (u)” 3.01493 3.01493 4.00150 1.00728
“atomic mass (u)”  3.01603 3.01603 4.00260  1.00783

Q3 = [2Mpye3 — Myjes — Zmp]c

2

QB — [Z(MHeS _ Zme) _ (MHe4 - Zme) - Z(MH _ me)]cz
Q3 = [2Mpye3 — Myes — 2My)]c?

Q5 = [0.01380 u]c?

Q3 = (0.01380)(931.5 MeV/c?) ¢* = 12.855 MeV
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Q =20, +2Q;+ Q3
\!
Q = 2(0.428 MeV) + 2(5.496 MeV) + 12.855 MeV
\J
Q = 24.703 MeV
“WEIUTLE dio “Tiandoau” Ao

Q 24703 MeV

Ad = 6.176 MeV
A 4 ©

B9 “gandn” wasunlaain “nuclear fission” vas “uranium-235”
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7158 ATUIUDIN “NATIN:

41H - 4He

+ 2% + Q

proton helium-4  positron

“nuclear mass (u)” 1.00728  4.00150
“atomic mass (u)”  1.00783  4.00260

0.00055
0.00055

Q= [4mp — Myeq — zme]cz

Q =[4My —m,) — (Mpyes — 2m,) — Zme]cz
Q = [4My — Myes — 4m,]c?
Q =[0.02652 u]C2

Q = (0.02652)(931.5 MeV/c?) ¢* = 24.703 MeV
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ST (] o/

nsussanal “gunndl” dwisunisiaa Nuclear Fusion

L1)

Tusuusnvasnisiia nuclear fusion gowinld “fandeaauindn 2 Gandes” (T
“atomic number” \Ju Z; wag Z,) Whlndnu nnelu “dde (range — szezvinnig)
vausiinmaes” (d =~ 10 X 107> m = 10 fm) —
Jandusvuiadniesesded “ndenuaatsiy, K
AnWaTazBUL “repulsive Coulomb interaction
(sendnefiandeanaaad), E,”
Zq Z, Keotal = Ep = (Z1e)(Zze) _ Z1Zye o
(41ey)d (41ey)d

7,7,(1.6 x 1071%)
(10 x 10-15)

Kiotal = Ep = (9 X 10%) eV = 0.144 Z,Z, MeV

1 o = I (%4 1
- “ugaztimfea” 93l “wasuaay” K > EE” = 0.072 Z;Z, MeV
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“Thermodynamics” — audNRUsTENINe “wasuaatiage” vae “aynin” (B9
31 3 degrees of freedom) v “aaumgiiduysal [absolute temperature — Jaluwiiqg
‘Kelvin (K)’]” Aa

(K)—BkT 3kl
=gl ) =5——¢

(K>—3x1'381X10_23T V~13x1071°T MeV
—27 T 1ex10-1 YT ©

il kg = “Boltzmann’s constant” = 1.381 x 10723 J/K

=\

Uszanauladn nuclear fusion asinalangamgl

U

13x107°T ~0.0727,Z, —» T ~55x1082,7,
— Trmin(Z1 = Z = 1) = 5.5 x 108 K — ifnfl “grvgiigaung”

Y Y

— “Dhlmindulaein” waz “aluaulaen”
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STANDARD MODEL OF ELEMENTARY PARTICLES

(6)

“auniayagnu (Elementary Particles)”

https://pixers.pl/naklejki/model-standardowy-czastek-elementarnych-60110514

CHARM TOP GLUON HIGGS BOSON
Q mass 2, 3 MeV/c 1, 275 GeV/ic 173 07 Gev/cd 0 126 Gev/c
charge % 0 0
U spin 2 1 0
A \ J
R
K DOWN STRANGE BOTTOM PHOTON
4,8 Mev/ 95 Mev/ 4,18 Gev/c 0
S Y% ¥ 0 G
% % 1 A
‘ o
s M ¥ iR N G
ELECTRON MUON TAU ZBOSON E
L 0,511 Mev/c 105,7 Mev/c® 1,777 GeV/c 91,2 Gev/ct -
-1 -1 -1 0
E v % ¥ 1 (o)
P U '\ 5.8 J i ) 'S
T Eectron ) [ MuoN TAU [ wBoOSON | 0
0 NEUTRINO NEUTRINO NEUTRINO N
N <22ev/c <0,17 MeV/c: <15,5 Mev/c 80,4 GeV/c® S
0 0 0 +1
S ¥ Va Va 1
= 57N J \ J
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S99

wuUEln¥in “Wanddagaes
1. f9sannzia—207 Fefianumuiuiy 11.3 x 103 kg/m?® a9
(n) SANvasliAfYE [7.1 fm]
r =1,AY3 > 1pp_s07 = (1.2 fm)(207)Y/3 = 7.1 fm
(W)  ANUNUILUUYBIHIARYE [2.3 x 107 kg/m?3]

M A(m,) _ A(m,) _Smy

1
=1

p = =~ = = AN
Vv (4 4 Anr
(3)mr (3)nGPa)
3(1.67 x 107%7 k
p ( 8) = 2.3 x 1017 kg/m3

Y 4n(1.2 x 10-15 m)?
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2. W5 0avuna nazulassnanlunisAanaulatanasavaslulasiau—14
e lianaRaluAUasIgud
dsu Nitrogen-14 —
A =14, My, = 14.0031 u, w8z M0y = 13.9992 u

1% A wny My cious —
14u — 13.9992 u

13.9992 u

ANUARNALAREY = ( ) X 100% = 0.0057%

168’ Matom WU Myycleus —
14.0031 u — 13.9992 u

13.9992 u

ALARIAAREN = ( ) X 100% = 0.0279%
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3. luwdvesdfiseuaiiugs U-235 uay U-239 unvazmilaununusznis
inludaduduiiy 151siiisnisuenlelalnlaasduiianniuldagnels 1agy
Usenaunaeg

“Isotope” — “Z” winnu — & “Y1uau proton” waz “I1uau electron” winnu
— 3 “n1santsaeanlvag electron” willaunu — I “auUanianil’” willaunu

uenlagly “mass spectrometer”
— A bAaaunKIu I W TuuSNd
“HUNNLLAAN"

2 Detector

muv

i Mass Filter
r lons | (magnet)

quB =

https://www.researchgate.net/profile/
Erich_Radauscher/publication/312664731/figure/

figl4/AS:454140246663190@1485286880531/ ‘
lon Source

Electrons

Schematic-diagram-of-a-mass-spectrometer.jpg
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4. awmdsnuBawmieadeiiandeauvas §2Ni duunliuaaazaauves §2Ni didn
61.9283 u [8.795 MeV/N]
82Ni + Ep — 28(1p) + 34({n)
Ep = [28m,, + 34m,, — my;_g2]C*
Eg = [28(M), —m,) + 34m,, — (Mnj—e2 — 28m,)]c?
BE = {28MH + 34‘mn - MNi—62}C2
E, = {28(1.0078 w) + 34(1.0087 ) — (61.9283 u)} c?

Ez = 0.5859 uc? = (0.5859) x (931.5 MeV) = 545.766 MeV
Ey 545766 MeV

y 2 8.80 N

My = wraezaauvaslalasiau = 1.0078 u
(m, = wavadlusnou = 1.0073 u)

m,, = ulavastinsou = 1.0087 u
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ErldmnTiazidentu
Myi—gy = u2aaznauvas 5aNi = 61.92835u
My = wraeznouvaslalasiau = 1.00783 u
(m, = wavasdlusneu = 1.00728 u)

m,, = u3avadinseu = 1.00866 u

EB — {28MH + 34mn — MNi—62}C2
E, = {28(1.00783 1) + 34(1.00866 ) — (61.92835 u)} c?

Ez = 0.58533 uc? = (0.58533) X (931.49 MeV) = 545.229 MeV
Ep 545229 MeV

A 62 8.79 N

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina
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5. asndsundaslalunisuen C-12 wilsinadealinatedy Li—6 31uqu 2
NnAaYE

%C+ E —> 3Li + 3Li

E=[2my_¢— mc—12]C2
E =[2(Mpi—¢ —3me) — (Mc-12 — 6me)]C2
E=[2M_¢ — MC—12]C2

E =[2(6.01512 u) — 12.00000 u]c?

E = (0.03024)uc? = (0.03024) x (931.49 MeV)
E = 28.17 MeV
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6. wisdevnaauazldans By = (ZMy + Nm,, — My)c? Tnefl My Ao waa
aznou lildwnadaedes sannnsuin My Tugasisfudensls asureiiunves
anstidiag

My = urneznauvaslalasiau
9X + Eg > Z(ip) + N(n)
Eg = [Zm, + Nm, — mx]c*
Eg = [Z(My — m,) + Nm,, — (Mx — Zm,)]c?
Ep = [Z(My) + Nm,, — Mx]c?
{“atomic binding energy” finaaun (Wisunu “rest energies™)}

7. dwawugawmlgadiranuansinteagaiuangsiintazazliunnaignaas
w3kl Inzmnle

nsSEulisuAMUENSARNLY “wasnuaawtiedseatiangeau (Eg/A)” (Wl Ep)
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8. awmANUgMARUNIINgavassidwnuInvlERunaseunenidulusnauuas
Hnsau [5.571 X 10713 m]

‘D9 iH) + Ez > 1p + {n
Eg = [m, + m, —mp]c?
Eg = [(My —m,) + my, — (mp — me)]cz = [My + m,, — ]V[D]C2
Ep = [1.00783 + 1.00866 — 2.01410]uc? = (0.00239)uc?
Ep = (0.00239)(931.5 MeV) = 2.226 MeV
hc
EB = Emin — hfmin — Amax = Amax = E_B
(6.626 X 1073%]-5)(2.998 x 108 m/s)
Amax = 5 506 X 106 x 1.602 X 10-9])

=5571%x10" 3 m
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9. nsldgas “uratinnded = urmasnan — Z uraddnasou” azliAulaliuades
flgndasaien udalsl nmzmnla dligndes Ailldnugastiazannninetios
NI1A39

[atomic binding energy]
nIswendangaznay; “atom” + “Eg(atom)” — “nucleus” + “Z free electrons”

2 — 2 2
Matomc + EB (atom) = Mnpucleus€ + Z(melectronc )

Eg(atom)
2

e — Mt — Z(melectron) +

(74 19 a\ = a & 99 Y a = ::l'
— mslugns “watiiedes = wiaezneu — Z uladiannsau’” aglAulailadeei
“PJa8ni1A139”

\iesan E z(atom) [szAuvunn ~ eV] Jvuradnuine Wisufiumandue [~ MeV]

e ! d'bl’ﬁl °’1 Y % 1 a 929
—> AN LAV LNALA-NNUATIIININ
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10. AUNUANINYBIESNURUASIFUATURUAINIULIATTD L A1HMNANUFUNUS
SETUINNNNAUANINNULIAN

“Exponential” Decay Law: N(t) = Nye At iila 1 = decay constant
“Audunniw (activity)”: R(t) = —dﬁ—it) = AN(t) — “WasuuUaInunaT”
11. #isududl Nitrogen—13 gaia3s¥3n 10 wnil agsuu 12 Suadoa 2am

(n)  swoudaedvadivassgdiornatsituly 20 und
(@) Swudaedsaiivdosdilanatsitull 50 undl

N(t) = Nye=*t , 1 = decay constant
L _fn@) _ 0693
1/2 — /1 - /1
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12. Radon—222 fisnazudu 0.12 g swnfuduaniwilananinll 7.6 u
fvuald Radon-222 fin3s33n 3.8 u [1.7 x 101* Bq]

1
R(t) =AN(t) — R(t =2Ty),) = AN(t = 2Ty;,) = 2 [(Z) N0]
NO — no X NA
wdaisudu (WJunsy) 012 |
JmezAouves Radon — 222 (w)  222.0176
N, = Avogadro’s number = 6.022 x 1023

Ne = IUIUNALRUAY =

N, = 0.12 X 6.022 X 1023 = 3.25 x 1029 nucleus
072220176 = '
_— 0.693 o 0.693 0.693 o s T=O
V2 ST T T, T 38x24x60%x60 >

1
R(t=76d) =(211x10"°s™1) (Z) (3.25 x 10%° nucleus)
R(t = 7.6 d) = 1.71 x 10™* Bq
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13.

(n)

Ersnsndiuszuinemniuau—14 fuaiusunamnluussennia Tutae 10000 U

nouaudedagiu fidn 1.33 x 10712 Awunliaisusu—14 fin3ed3n 5730 U

(M  wrarsvauluussenmadiuu 1.0 g astinuduaniwwinle

@)  dwnammuiilugndaienvisfiansueusgvenun 2.00 g uaswud
Tunan 1 42Tus Snsaanefavesaniuau-14 lurindasi 350 aadea

14
e

Yndnitidianginle
o o . dN (t d
nuuuanw (activity): R(t) = —T) = [N (0)e™*] = AN(t)
o _fn2 _ 0.693 s 10-12 o1
T ty; 5730 X365x24X60X60 >
N t
Newa(t) =1.33 x 10712

Nc12 (t) Us58INTA

faen “druulinadies” vae “1*C” Tu “arsuauluussenniadiuau 1.0 g7
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“4raaznan’ vag “12C” Ao

Mcy, = 12 u = 12 X (1.66055 X 10727 kg) = 1.99266 X 10726 kg

“ansuauluussenniasiuiu 1.0 g7 asdl “Sruruduafos” vae “HC” (@eazwiniu
“Fruruarnan” vas “H4C”) 1Ju
1.0 x 1073 kg y
[NC12]U§'iEJ'lﬂ’1ﬂ - — 502 X 10 NUClel

1.99266 x 1026 kg
{ #50 A “swuluaves 12C (n)” x “Avogadro’s number (N,)”

1.0
[Newylyomgnns = (—g) x (6.02214 x 1023 mol~1) = 5.02 x 1022}

12
“arsuauluusserniasiulu 1.0 g7 a2l “Srurufiefes” ves “*C” Ju

[NC14]‘U33EJ"Iﬂ']ﬂ = (1.33 X 10_12) X [NC12]U'5'58'm'1ﬂ = 6.68 x 10'° Nuclei
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cc14C”

“ANTUANTN VB ( ﬁagj‘lu) “ansuauluusseiniaaiuiu 1.0 g7 Ao

[RC14]Uiimmﬂ =A [NC14]‘Ui§EJ’m'1ﬂ

[Reralussonma = (3.84 X 10712 s71)(6.68 x 1010 Nuclei)

Nuclei Nuclei
~ 15

~

[RC14]‘U’5’§EJ'm’lﬂ = 0.256 S min

@)  Tuwndniiifiarfueusgiianun 2.00 g wudn Tuan 1 4alus Snmsaaneiaves
arfuau-14 Tusndadd 350 duades — “Futfunnm” vas (“14C” fleglu)
“anrsuauluaindnddiuiu 1.0 g~ A

Nuclei N 175 Nuclei N Nuclei

hour =~ 60 min 3 min

[RC14]611'm?°1’W5 =175
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R(0)
R(D

3 nli0)- () o

R(0)

R(t) = R(0)e ™ — et = RO

— At==€n[

—  gndndulieny

57301 15 £nS
t = n ] ( )57301]-13330ﬂ

n2 3 n2

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqwgf Wand wiina 15



14. awdnsniavaseyniakaanfilagainufisen

228Ra — 222Rn* + jHe + 4.6 MeV  [1.48 x 107 m/s]

1'%

1fnaunIsaaEfa “55Ra aaua azld91 232Rn* uaz 3He zmaauiilufidnsetauiy

226Ra 222Rn
® - - ©

% 1 44 1 %
uaz §1UTENIUI VR WAT U, HaBnd1 ¢ u1n azla

e— p
5He (a)

a

Conservation of Momentum — Py« = =P, — \/2mpeKpys = /2m K,

K —(m“ )K
Rn* — mRn* a
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Conservation of Energy —
MraC? = (Mpyc? + Kppr) + (Mmyc? + K,)

Qu = (mRa — Mpp*x — moc)cz = Kpp* + K,

m m, + mg,* Mp*
Qaz( a)Ka_l'Ka:( . Rn)KaﬁKaz( xn )Qa

MRp* MRp* mgy + MRp*
> K, ~ (—==—) (4.6 MeV) = 4.52 MeV
@ (4 n 222) (4.6 MeV) ©
X 1 , , 2K, 2x(452x10°x1.6x10"") (m)z
= — - = = —_
a =5 Maba = Va = 0 = 7100150 x 1.66055 x 10-27  \s

v: =218 x 10" (m/s)? - v, =148 x 10" m/s
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15. fwueld  Mcy_c, = 56.93629 amu, Mp._s, = 56.93539 amu
239315131 Cobalt—57 arunsaldiluunas £ laudala

70 > 3Fe + Je(BY) + ve

“atomic mass (u)” 56.93629 56.93539 0.00055

Q = [mego — Mpe — me]cz
Q [(MCO - 27me) - (MFe - 26me) - me]cz
Q =[M;, — Mg, —2m,]c? = —(0.00020 u)c?

- Q Ju “av” — THhJuunas p+ “lilg”

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina
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16. 12C(p,n) 3N nvulauialiidn 13C gnaudlelusnauniingssuaal 2 MeV

iHp) + %C - YN + g
“nuclear mass (u)” — 1.00728  13.00005 13.00189 1.00866
Q = [myy + M3 — My3 — My]c? = —(0.00322 u)c?

Q = —(0.00322)(931.5 MeV/c?) c¢? = —2.999 MeV

m, +m
14 C13
Kp,th — ( ) Q|
C13

- (1.00728 + 13.00005
pth — 13.00005

N windy “lila”

) (2.999 MeV) = 3.23 MeV

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina

19



17. uanseuneglnanuiivaagavaslusaugniulaglusausinvitinufizen
n+ 2B - JLi+ jHe

awnIlndeaRsuNaaslndudag laaznasaninaujisemuiteynia
waanriiaanai? 9.3 X 10° m/s 291

(n) wasuIaUves L
(@) a1 Q
(A) wwlaliaedeaves 1B

auali m, = 1.0087 amu, m, = 4.0015 amu, my;_, = 7.0144 amu
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agils Vg = 9.3 % 106 m/s
n + B - ILi + 3He(a)

“nuclear mass (u)” — 1.0087 ? 7.0144  4.0015
“kinetic energy” 0 0 Ki; K,

Conservation of Linear Momentum — Pyefore = Patter —> PLi = Pa —

mey
mpiVi; = MYy — Vi = m Vg
Li

1 1(/m2 Mg\ (1 My
fui = gmuivii =3 (m—> v = () (Gmar) = () ke

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqwgf Wand wiina
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1 m
(n) K = _mLiin = (_a) K,

2 my;
o1, (40015x 16605x 1072) x (93X 1092
« =g MaVa = 2 % (1.6022 x 10-19) - e

m,, 4.0015)
K, = K, = 1.79 MeV = 1.02 MeV
Li (mLi) @ (7.0144 © ©

(v) Conservation of Energy-Mass —
my,c? + mgc? = (myc? + Ky + (mgc? + K,)

Q = (m, +mg—my; —my)c? =K, +K, =281 MeV
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@ 3m Q = (m, +mg—my —mgy)c? ald
mpc? = Q + myic? + myc? — my,c?
mgc? = 2.81 MeV + (7.0144 u)c? + (4.0015 u)c? — (1.0087 u)c?
mgc? = (2.81 + 6533.91 + 3727.40 — 939.60) MeV
mgc? = 9324.52 MeV
mg = 10.0102 MeV

(lu & 931.5 MeV)

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina
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18. awmansliiiuInufisendivadesiadu

47H - SHe+2eT +2v+0Q
Thinasu 6.2 MeV foliandoauvasdsnaiu

4i1H - 3He + 2% + Q
proton helium-4  positron

“nuclear mass (u)” 1.00728 4.00150  0.00055
Q= [4mp — Myeq — zme]cz
Q = [0.02652 u]c?

Q = (0.02652)(931.5 MeV/c?) ¢* = 24.703 MeV

Q 24703 MeV

Ad = 6.176 MeV
A 4 ©

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina
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1 %4 lﬂl 1 >4 ‘=| >4 C% v A =} 1 1
19. ﬁ]QLLﬁﬂﬁiﬁLﬁu%ﬂ 1YVYLAAYINTINULIATNATITINUNUA AN AILIED > N1UBN

USUUUAU

N

910 Lecture —» mqﬂuma?ia =T=

310 N(t) = Nye ™ 2glddn fivaan t = 1 = 171 azfiansiusiundedividong

- N
N(it=7=21"1)=Nye @) = Nje1 = ?0

= 1 1 1 a %
—> thiaoad (g) 1YINVIUTUIULIUAY
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20. [F2548] Iuﬂﬁﬁ'%mﬁfaLﬂﬁﬂ%ﬁlﬁﬂﬁumnmi@aﬁamaiau (Julelelnunilevas
lalasiou Feiitiamsau 1 ayna) hluvufuiiundesves Carbon-12 dsing
11 wAnsurivesUfitenduadesiiadull 2 2 Inefindndusidanisdooynia
waan
(M andsuaunsuansfitendndesinatu
(¥) WA Q %aaﬂﬁﬁ‘%mﬁfamﬁﬂ%ﬁﬁﬂﬁu (mauluming MeV)
() &rdawmesaulindsusativingu |Q| fildande (@) Wnwudu Carbon-12
o8 fls anhldiAaufRTendandesidviali wemala sswdeanuaaid
9

0
Nagile
Woangavasiamasaunasiliiiaujnsentiuadesid (naulunite MeV)
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(n) H(d) + '2C - 3He(a) + 2B
“nuclear mass (u)” — 2.01355 11.99670 4.00150 10.01019

() Q = [Muz + Mciz — Myes — Mp1olc” = (—0.00144 u)c?

Q = (—0.00144)(931.5 MeV/c?) ¢* = —1.34 MeV

(M “lifin” 1Waean “wassuaaddasiuly” (Yaiu “vannisausndluuudiu’)

my + Mcyy
Kgm = ( ) |Q|
' Mc12

B <2.o1355 +11.99670
dth — 11.99670

) (1.34 MeV) = 1.57 MeV
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21.

(n)

[F2549] m%humaamswﬁmﬁma%L“fluﬂiz‘[mjﬁ (lAVANUUUABLATDZADN)

(n)

(v)

Avualy unadundeavss 22C windu 11.99670 amu

3
Li

4
Be

S
B

6
C

I
N

8
O

9
F

Tulasiau N aaeddld B nanelu “Crudsaniiulaiuu

12C*

(%
v

A9 ASIAUNUUIFITNAWU 4.43 MeV 29 8udaun1snIsaang i

Tseduwnuun

WNIUUARYEVDY

ZN - Zc* +

e - 2C + vy

12C*

Wuwinla

0
1

e + v,

E, = 4.43 MeV

SCPY158 Physics Il 2562 — Nuclear Physics — Exercises
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oie @) = @) w7,

() e - e o+ vy
“nuclear mass (u)” - mex =7 11.99670 0
“kinetic energy” 0 K. E, = 4.43 MeV
“linear momentum” 0 De Dy

- H — — E
Conservation of Linear Momentum —  |p¢| = |p, | = -
C

B2 E2 4.43 MeV)2
_Ipdl”_ B _ ( ) — 0.00088 MeV

K — —
©7 2me T 2mee? T 2(11.99670 x 931.5 MeV)
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Conservation of Energy-Mass —
mexc? = (mcc® + Ko) + E,
mexc? = [(11174.92605 + 0.00088) + 4.43] MeV
mexc? = 11179.35693 MeV
mes = 12.00146 u
(1u < 931.5 MeV)

Tunsaill K. fiendosaunn — dadidld —
me«c® = mge? + E, = (11174.92605 + 4.43) MeV

mesc? = 11179.35605 MeV
Mee = 12.00146 u

SCPY158 Physics 11 2562 — Nuclear Physics — Exercises NANT yzyaqw§ Wand wiina
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22. [F2549] ujfsendiwedes p + 12C - BN +n @didr Q = —3.0 MeV
invulausali 1 12C Yeaglisgnaudislusnauniindssuaad 4.0 MeV

Tiananae
K, = 4.0 MeV
m +m013
Kpm = ( z ) Q]
c13
- (1.00728 + 13.00005) © 0 MoV — %95 Mo
pih = 13.00005 (3.0 MeV) = 3.23 Me

K, > K, — “dlanmaiazifiadula”
(laidafiungn15aysnEuIa-wasey wasngn1saysndlauuuaug )
(lsifa repulsive Coulomb interaction szwins p A 12C)
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23. [F2549] s0ifen ®"Rb aanes Taeliassddn 4.9 x 1010 U dnandusiiy
87Sr &1 ¥7Sr fazdsmsagluuiinanfioaiu 8 Rb vinlisanunsald 87Rb Tu
nMsvnenguasiuvseneada  sunRdmuiniufeunidineadadedisnsidnu
Puuiluedeaves °'Srda °’Rb T 0.20

1 a < ¢ Y, &
Uﬂﬂﬁ?ﬂﬂaﬂﬂqi']\‘lﬁqfﬂﬂa’lﬂﬂzLU‘IJU?ZIEJ‘U‘L! (Lﬁ?]ﬂ’]ﬂ‘l]uﬂﬁll,ﬂ?]ﬁ]gﬁﬁ'ﬂu)

(n)

()

(m)

SCPY158 Physics Il 2562 — Nuclear Physics — Exercises

34 35 36 37 38 39 40
Se Br Kr Rb Sr Y Zr

NVHUANNTTHANIUHATETNARYTNAATY LATUBNAIYTINITAAIUAIVD S
’Rb uulkeyninezlseanun (wean Jan unuwn wse duq )

k74 1’4
a N 74

7Rb widesguinlavasUiunaniudu Tauufdnlunsuiihuiiindudalid
%7Sr agluiiuag
elszanaiegvaseadall Junndmsetaendn 4.9 x 1010 Y
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(n) 87Rb — 32Sr + % + v,

danefanuu £~ —decay T4 electron aanun

() a1 — t=20 t Taq
U3uauvas 30Rb — Ny (0) Ngy ()
USunauves 5551 — 0 N, (t) = Ngp(0) — Ngy, (£)

{ Vsuauves §

ZSr e t = USunawas 37Rb faaeialuTugaaan 0 — ¢ }
Ns:(t) _ Ngo(0) = Nro(®) _ Ngo(0) {=02
Nry (1) Nry () Nry (1)

New(©) 12 10
s = 1275 = Meel®) = (13) Mo ©)
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(R) war —>| t=0 t Tae

Usunnuves 5.Rb —|  Ngp(0) Ngp,(t) = Ny, (0)e
Usuauvas 55Sr — 0 Ng.(t) = Ngy(0) — Ngy (0)e =
Ns:(t) _ Ngy(0) — Ny (0)e ™4 _ it 1
Ny (t) Ngp(0)e 4
Ng, (T 1 Ng,(t t N, (t
ot =14 M@ t=—{’n[1+ s()]:(1_/2>{,n[1+ s (1)
Ngp (1) A Ngy (1) n?2 Ngy, (£)
o= (2222070 pupn 4 021 = (252) 49 x 1009
B tn?2 n T n?2 ]

t <49 x 1010
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24. [F2549] lelalnd X gndeniglusnau wudkaniaaiiaidaiiindunaaynia
woan 2 ayma undINvInnTesIainvazilulselevd (udiuuuiowny

2YADY)
112 3,4 |56 7|89
H He|Li  Be| B | C | N|O]|F
(M audsuaunsuansfitendandesinatu
(v) Telelnu X Aasinesls Hiavuda was wwuasnauinle
(A wmA Q %aaﬂﬁﬁ‘%ﬂ'}ﬁmﬂﬁsj%ﬁl,ﬁﬂﬁu (nauluniie MeV) uazuanaie
IufRzenduedesdiintulfieaieli (mmefudrsuansuaniandes)
() HBslusmaudewdenuanivindu 2.0 MeV idmnlelalny X fiagis
Gululdvielifioyniauearifiintugaseyniaiuasingdenuaniviniy
aguusenau waglivananiey
Li-6 Li-7 Li-8 Be-6 Be-7 Be-8 He-4 H-1
6.0136 | 7.0145 | 8.0210 | 6.0176 | 7.0148 | 8.0032 | 4.0015 | 1.0073

SCPY158 Physics Il 2562 — Nuclear Physics — Exercises
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(n) H(p) + X - jHe(a) + 3He(a)
(2) X = ILi

(m) H(pp) + 3Li » %He(a) + %He(a)
“nuclear mass (U)” — 1.0073 7.0145 4.0015 4.0015

Q = [myy + myi; — 2(Myeq)]c? = (0.0188 u)c?

Q = (0.0188)(931.5 MeV/c?) ¢c* = 17.5 MeV

(1) “Wuldla”
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H(p) + 3Li » jHe(a) + 3He(a)

I_jal
ZLi 0
Hp) g :He(a) ¢
Py
QRPN
H(p) + 3ILi - 3He(a) + 3He(a)

“rest energy” — m,c? my;c? Mg C? My C?
“kinetic energy” — K, = 2 MeV 0 K, K,
“momentum” — Py 0 Dot Doz
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Conservation of Energy-Mass —
(myc® + K,) + myc® = 2(myc?® + Ky)
2K, = K, + (m, + my; — 2my)c? = K, + Q
2K, = (2 + 17.5) MeV = 19.5 MeV
K, = 9.75 MeV

Conservation of Linear Momentum — P, = Pg1 + Dao

- Bosl = 1Pazl = [Pal  waz  |Dy| = 2|Psl cos 6
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\flogan K, =2MeV « 93827 MeV = Ey(p) = m,,c?

WAz K, =9.75MeV « 3727.40 MeV = E,(a) = m,c?

p2

— 14 “non-relativistic expression” was “kinetic energy” — K = o
m
Pp = \[2m,K, = 3.274 x 107%° kg'm/s

[pp = /2 x (1.6726 x 10727 kg) x (2 X 10° X 1.6022 x 10~1° ])]

Dy = +/2my K, = 14.408 x 1072° kg'm/s

| Pa = /2 X (6.6445 x 10727 kg) x (9.75 x 106 x 1.6022 x 102°]) |

B,| = 2|Pol cos® - c059=2pr=0.114 o 9 =83.45°
a
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