VAT LY HAT NHAN

CAU TAO HAT NHAN
* Pién tich va kh01 luong
 Kich thudc va cau tric hat nhan
NANG LUONG LIEN KET VA LUC HAT NHAN.

PHAN UNG HAT NHAN
* Cac loai tuong tac Ung hat nhan
* Nang luong phan Ung hat nhan
* Nang luong ngudng
* Phan Ung phan hach hat nhan -
* Lo phan Ung hat nhan - phan Ung day chuyén.
PHONG XA
 CAC QUA TRINH PHAN RA
« PHAN RA GAMMA
 PHAN RA ALPHA
« PHAN RA BETA
« PHONG XA TU NHIEN



cAu TAO HAT NHAN

Lich su phat trién cta hat nhan nguyen
tu

* 1896 (nam khai sinh ra vat ly hat nhan)Henri

Becquerel(1852-1908) kham pha ra phong xa phat ra

trong hop chat Unranium.

*1911 Rutherford da tién hanh thi nghiém tan xa hat
alpha, thi nghiém quan trong gitp phat hién la luc
chua biét — luc hat nhan.

*1930 Cockroft va Walton dé tién hanh thi nghiém
phan Ung hat nhan bang may gia tdc cac hat tich
dién.

*1932 Chadwick phat hién ra neutron(notron) va két
luan moét nlra hat nhan nguyén tir dugc cau tao bai
cac neutron.

1933 Joliot va Irene Curi da phat hién ra phéong xa
nhan tao.

*1938 Meitner, Hahn va Strassmann da phat hién ra
phan hach hat nhan.

1942 Fermi va cac cOng su da phat trién 10 phan
’'tna nhan harh hat nhan dAr tidn

Ermest Rutherford (1871-1957),
a physicist from New Zealand,

was awarded a Nobel prize in
1908 for discovering that atoms
can be broken apart h_'.' alpha
rays and for studyving radioactiv-
ity. “On consideration, | realized
that this scattering backward
must be the result of a single col-
hsion, and when | made calcula-
tions | saw that 1t was impossible
to get anything of that order of
magmtude unless you took a sys-
tem in which the greater part of
the mass of the atom was concen-
trated in a minute nucleus. 1t was
then that 1 had the idea of an
atom with a minute massive cen-



CAU TAO HAT NHAN

Cau tao hat nhan: hat nhan nguyén t& duoc céu tao tir
cac hat proton (+e) va neutron(0).
Cac dai lugng hat nhan:
SO nguyén ti khoi (so proton): Z
SO neutron : N
Khoi luong hat nhan : A
Pién tich hat nhan
* proton mang dién tich +e (e = 1,602 177 3 x10?° C)
*Proton duoc cau tao tu cac hat quark (cac hat co ban):
*Neu tron la hat trung hoa dién: dién tich = 0.
*Neutron dugc cau tao tur cac hat quark
Khoi luong hat nhan
Pinh nghta don vi khoi luong nguyén td: lay khoi lugng cla 12C trung
hoa lam chudn: m( 2C) = 12 u =>u = 1/[12 m( 12C)] = 1.660540x10-?7
kg.
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CAU TAO HAT NHAN

Khoi luong hat nhan
Pinh nghta don vi khoi luong nguyén ta: 1ay khoi lugng cla 12C trung

hoa lam chuan: m(2C) =12 u=>u = 1/[12 m( 12C)] = 1.660540x10%
Kg.

4

N = g -

E = me® = (1.660 540 X 10~%7 kg)

= 931.494 3 MeV

z [ X ~ ~ - .
(Yl 1aa-

(20097924 6 X 10° m/s)2

MeV

(1.602 1773 % 10719]/eV) ] u=931.494 53 —

-

Mass
Particle ]{g u MeV/c?
Proton 1.672 6938 = 10~ 1.007 276 038,979 3
Neutron 1.674 099 »x 1027 1.008 (A5 039,565 A

Electron

0,109 390 x 10~ 5.48 5799 x 10~¢

0.510 94949 1




CAU TAO HAT NHAN
Kich thudc va cau tric hat nhan

*Kich thudc hat nhan: ian dau tien duoc khao sat trong thi
nghiém tan xa cua Rutherford

2 v =1 ;
—_— 142 (2e) (Ze) W W @
g my- = £ =k

r i '
= . |4—.1'—1-|
Solving for d, the distance of closest approach, we get
—l.il-’fu‘;g Figure 13.1 An alpha particle
4= : d;} on a head-on collision course
- with a nucleus of charge Ze. Be-

cause of the Coulomb repulsion
between the like charges, the al-

'Tl\J' thl’ nghlém Vél d‘éng néng Cfla hat pha particle approaches to a dis-

tance 4 from the nucleus, called

alpha Vé.O 06' 7|V|eV, ChO thé’y klICh th U6C the distance of closesi afyfroach.
cla hat nhan vao ¢ 101> m = 1fm



CAU TAO HAT NHAN

Kich thudc va cau truc hat nhan

*Sau Rutherford da c6 rat nhiéu thi nghlem Xac
dinh kich thudc hat nhan va cac ket qua cho
thay hinh dang hat nhan duoc xap xi c6 dang

\

hinh cau v

Figure 13.3 A nucleus can be
modeled as a cluster of aghtly

]}ack{:d spheres, each of which
15 4 nucleon.

R=r,A

where A is the mass number and r; is a constant equal to 1.2 X 10~1% m,
Because the volume of a sphere is proportional to the cube of its radius,
it follows from Equation 13.1 that the volume of a nucleus (assumed to
be spherical) is directly proportional to A, the total number of nucle-
ons. This suggests that all nuclei have nearly the same density. When
the nucleons combine to form a nucleus, they combine as though they
were tightly packed spheres (Fig. 13.3). This fact has led to an analogy
between the nucleus and a drop of liquid, in which the density of the
drop is independent of its size. We shall discuss the liquid-drop model
in Section 13.3.

Tim bi€u thiic xap xi cho khéi luong cua hat nhan c6 sé khoi A
*Tim thé tich va mat do cua hat nhan nay.




BAI TAP - CAU TAO HAT NHAN

1. X&c dinh ban kinh cla hat nhan 2.C, bié€t rang ban kinh dién
r,=1,4.10"m

2. Ban kinh cla hat nhan 23_U I6n hon ban kinh proton bao nhiéu lan
bi€tr,=1,4.105m

3. X&c dinh céac s6 dién tich, s6 nuclén va ky hiéu hda hoc cla cac hat
nhan nguyén tu 3,He, 7,Be, 15,0 néu thay proton bang neutron va
neutron bang proton.




NANG LUQNG LIEN KET VA
LUC HAT NHAN

NANG LUONG LIEN KET - PO HUT KHOI

°Tu' cac két qua do khoi Iu’dng hat nhan cho thay khoi Iu'dng
cua hat nhan M bao gio ciing nho hon tong khoéi luong cac

nuclén tao thanh hat nhan mét luong AM (d0 hut khoi)

AM=Zm, +(A-2Z)m_ -M

*Tu cac dinh luat bao toan nang Iuang va cong thuc Einstein cho
thay do hut khoi tuong ting véi ning luong lién két hat nhan

W, =c’AM =c’[Zm +(A - Z)m - M]

*NANG LUONG LIEN KET TiNH THEO KHOI LUONG NGUYEN TU

W, = cjZM, +(A - Z)m_ - M,] X 931,494 (Mev/u)

M,, : khoi lugng Hidro; M,: khéi lugng nguyén tlr cda hat nhan

8




NANG LUQNG LIEN KET VA
LUC HAT NHAN

NANQ LUONG LIEN KET RIENG - nang luong
lién két cua 1 nuclon

Region of greatest

| stability

e=W IA = =

8.0 —

==

i,

*Tim néng lugng lién két
cua hat ‘nhan Deuteron
duogc cau tao tur 1 proton va
1 neutron. Cho biét khoi
luong cua Deuteron la
2,014102 u, khdi luong cta
Hidro Ia 1,007825 u, khoi o
luong cua proton 1,007276u 1.0

1 l‘.u[]T
ol

[£cY
—
o

]’-imlin]_: energy per
nucleon, MeV
L

A > < 0 11 104 1510 200
, khéi luong cua neutron la i ’

1,008665 u Mass number 4

2510



NANG LUQNG LIEN KET VA
LUC HAT NHAN

LUC HAT NHAN

L& luc tuong tac tam ngan — tam tac dung ¢ fm
La luc tuong tdc manh hon luc dién tu

*La luc hut.

*C6 tinh bdo hoa ‘
mét nUCIén Chi tuong ta,C o0 4 fN—p SVSLEmMm 20 U p-p system
vOi mét sé nuclén nhét | o= P —
. , < (|1 2/% 4 5 & Pifm) 2 1 2/3 4 5 6 r (fim)
dinh quanh no. = -
= 20 |- = 90 -
-4 =4 -
=) =it
(a) (h)

Figure 13.11 (a) Potential energy versus separation for the neutron-proton system.
(b} Potental energy versus separation tor the proton-proton system. The difference
in the two curves is due mainly to the Coulomb repulsion in the case of the
proton—proton interaction.
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PHAN UNG HAT NHAN
TUONG TAC HAT NHAN : chia lam 3 loai
*Vachamdanh6i:A+a -a+A
* Va cham khong dan h6i: A+a - a + A*

A* hat nhan A & trang thai kich thich; a’ la hat nhan a & trang thai
khac.

*Phan itng hatnhan:a+X - Y+b
Hay duoc viét X(a,b)Y

Hat nhan a ban vao hat nhan X sé phat ra
nat nhan b va sinh ra hat nhan Y
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PHAN UNG HAT NHAN
CAC PINH LUAT BAO TOAN TRONG PHAN UNG
HAT NHAN.

a+X-sY+hb

« BAO TOAN SO KHOI hay bdo toan s nuclén: A, + A, = A,
+ A,
« BAO TOANDién TICH:Z,+2, =2, +2Z,
« BAO TOAN NANG LUONG VA MOMEN D0ng lugng

“N+He [H+]0;  “Na,p];0

'"H+7Li-‘He+‘He; ’Li|'H,al'He



PHAN UNG HAT NHAN
NANG LUONG PHAN UNG.

at+tX-sY+b

 Gia sU hat nhan X dung yén, tu dinh luat bao toan nang
lugng:

M,c?+ K, +Mc?=M,c?+K, + M c?+K,

K, : dOng nang hat nhan a
K, : ddng nang hat nhan Y
e K, : dong nang hat nhan b

*TOng dong nang sinh ra (hay hap thu) trong phan Ung duoc goi la
nang luong phan Ung

Q=(K,+K)-K,=(M;+M, - M, - M,)c?

O >0 nhan 1i'na tda nhiét:- O < 0 nhan 1itTna thu nhiét



PHAN UNG HAT NHAN
NANG LUONG NGUOGNG PHAN UNG.

at+tX-sY+b

» Trong phan (ng thu nhiét, d€ phan (ng xay ra thi hat nhan
tdi a can phai cé ddng nang tbi thiéu dugc goi la nang luong
nguong
W,
 POi vOi phan tng nang luong thap, déng ndng cua hat sinh
ra trong phan trng nhé so voi nang luong nghi cua chiing nén
K=1/2mv2vaP = mv.
[INang luong nguong duoc tinh bai:
M
W, =[QH+—2
ng M
X




PHAN UNG HAT NHAN

Table 14.1 O Values for Nuclear Reactions

Involving Light Nuclei Table 13.6 Some Atomic Masses

Reaction® M Value (MeV) Atomic Atomic
caction eas Q Value (Me Element Mass (u) Element Mass (u)
2 13 gy A
Hin, v)°"H 65.257 = 0.004 4 . ot . -
*H(d, p)°H £ 039 = 0.004 iHe 4.002 603 5..{1 96,981 530
fLi(p, a)°H 4016 = 0.005 3L 7.016 003 1P 29.978 310
SLi(d, p)7Li 5.020 = 0.006 IBe 9.012 182 SCa 39,962 591
Lilp, n) Be —1.645 = 0.001 ‘Ug 10.012 937 $ca 41.958 63
‘Li(p, a)*He 17.837 = 0.007 19 i3 e
9Be(n, 7)'Be ER10 = 0008 He 12.000 000 $Ca 42 958 766
“Be (y, n)*Be ~1.666 = 0.002 e 13.008 355 s6Fe 55.934 939
zﬂc{d,p];"ﬂc 4.585 = 0.005 N 14.003 074 §47Zn £3.929 145
oelp a) L 2132 = 0,006 5N 15.000 109 8cu 63.920 599
Bin, o) 'Li 2.793 = 0.003 15 ) ) el . o
][IH“}, &':I Re 1.148 = 0.003% ﬁﬂ 15.003 065 4]1:\}'} 92,906 377
12¢(n, y)'*C 4,948 = 0.004 0 16.999 131 133Au 196,966 543
L Lipn) N —5.003 = 0.002 %o 17.999 160 A2Hg 201.970 617
N(n, p)C 0.627 = 0.001 18, i 016
LaN(n, ) 5N 1015855 = 0.007 gﬁr 18.000 937 QZ?PD 216.001 888
180) (p, n) 18F _9 453 + ).002 T0Ne 19.992 436 “2Rn 290,011 368
BF(p, o) PO —8.124 = 0.007 TiNa 29.989 768 4 Th 934.043 503
TaMg 99,994 194 22U 298.050 785

*The symbols n, p, d, a, and ydenote the neutron, proton,

deuteron, alpha particle, and photon, respectively.
From C. W. Li, W. Whaling, W. A. Fowler, and C. C. Laurit-
sen, Phy. Rev., 83:512, 1951,
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PHAN UNG HAT NHAN
PHAN UNG PHAN HACH HAT NHAN - phan ting bt

neutron : xudt hién khi mét hat nhan rat nang bi phan chia thanh
hai hat nhan c6 khoi luong nho hon. Trong phan tng nay tong khoi
luong cua hai hat nhan sau phan tng nhé hon khéi luong cua hat

nhan ban dau.

Phan Ung nay xay ra khi hat nhan ning bat neutron:

tn+25, U - 235 U* - X+Y + neutron
1938 phan Ung phan hach hat nhan lan dau tién dugc phat

hién bai Ottto Hahn (German chemist), Lise Meitner(Austrian
physicist), va Fritz Strassmann (German chemist).

*Nang lugng trung binh tda ra trong 1 phan Ung phan hach
vao co 200MeV.

* C6 rat nhiéu loai sdn pham phan hach X,Y duoc tao ra, phan Ung phan
hach tiéu biéu cua 2,,U:

235 236 141 92 1



PHAN UNG HAT NHAN

PHAN UNG PHAN HACH HAT NHAN

1l

10!

Fission yickl (%)

102

1o

| | | |
i Hil 114k 140 150} 17

Mass number A

Figure 14.4 The distnbution of fission Il]’ﬂldli{.‘H versus mass number tor the hssion
of ¥ bombarded with slow neutrons. Note that the ordinate has a logarithmic scale.



PHAN UNG HAT NHAN

PHAN UNG PHAN HACH HAT NHAN

2 985] ]
( 350
\H) \ eI R . O &

li) — — ')

(1) (2) (3) {4)

Figure 14.5 The stages in a nuclear fission event as described by the lhiquid-drop
model of the nucleus.



? Yz 4 y N

o PHAN U NAG HAT NHAN
LO PHAN UNG HAT NHAN
*Khi mot 25U phén hach sé tao ra trung binh 2,5 neutron, cac neutron
nay sé tiép tuc gay ra phan Ung phan hach Ién cac 2*°U khéac va tao ra
phan (ng day chuyén.
* Nang lugng sinh ra cua phan Ung phan hach tu 1kg 2°U tuang duong
20.000 tan TNT.
L0 phan Ung hat nhan la 16 dugc thiét ké dé tu duy tri phan Ung chuoi.
*1942 Fermi & dai hoc Chicago da tao ra 10 phan Ung phan hach dau tién
st dung Uranium tu nhién lam nhién liéu.
*Uranium tu nhién chra 0,7% 235U va 99,7% 238U, Trong dé 28U hau nhu
khong xay ra phan Ung phan hach.
* Hau hét cac 106 phan ung hat nhan ngay nay déu su
dung uranium lam nhién liéu.



PHAN UNG HAT NHAN

LO PHAN UNG HAT NHAN

\ G Neutron

Figure 14.6 A nuclear chain reaction initiated by the capture of a neutron. (Many
pairs of different isotopes are produced. )



PHAN UNG HAT NHAN

LO PHAN UNG HAT NHAN
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Figure 14.8 A cross section of
100D
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Figure 14.9 The cross section
for neutron-induced fssion of
2350, The AvErdage Cross section
for room-temperature neutrons
is about 5300 b.

Control rod

Uranium
fuel rod ~

Steam mirhine
{generates electriciny)

Condenser (steam from mirbhine
is condensed by cold water)

Nuclear _| Heat
reactor exchanger
Liguid water
under high = ==
pressure
(carries -ﬁ
heat to steam
el Pump
generator |
Containment T l
vessel

Cold warer Warm water

Figure 14.10 Main components of a pressurized-water reactor.
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PHAN UNG NHIET HACH HAT NHAN: La phan (ng

tong hop hal hat nhan nhe thanh mot hat nhan nang ma c6 khoi lugng
nho hon téng Khoi lugng cua hai hat nhan nhe.

ot H—— 3+ Qe + 0 [H 4 s fHe + fe* + 5
I + 2H — 3He + 4 QHE—QHE—}%_}HE.-HH—{H
v
f____;-':if]’i.'-.lffﬂf: ?H + ?H — 3He + In 0 = 3.27 MeV
/:\"‘r ?°H + ?H — 3H + IH 0 = 4.03 MeV
H+ 3H—>4He + In Q= 17.59 MeV

Figure 14.11 Potental energy
as a function of separation
between two deuterons. The
Coulomb repulsive force is dom-
inant at long range, whereas the
nuclear attractive force 15 domi-
nant at short range, where H s
of the order of several fermi.
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AP DUNG CAC DINH LUAT BAO TOAN TRONG
PHAN UNG HAT NHAN: xét bai toan mot hat proton (H) ban

vao hat nhan Li dng yén vG@i dOng nang cua proton 600 keV gay ra phan
Ung hat nhan sinh ra 2 hat He bay ra theo huéng vudng géc vai nhau.
Xac dinh dong nang cua He bay ra.

 Ap dung dinh luat bao toan ning luong

*Ap dung dinh luat bdo toan déng luong

Vi du xét phdn Ung p + 3C - BN + n. Trong dé coi 3C ban dau ding yén,

proton ban vao hat nhan 13C c6 dong nang 4,15MeV va hat neutron bay ra dudi
mot géc 90° so véi phuong cua hat nhan 2BN. Tinh dong nang cla neutron bay
ra.



PHAAN RAO PHOUNG XAIi



CAUC KHAUI NIEAM
a. Nonh nghéa :
e Phaan rad phoung xal lag soOI
biedn Roai toi phaut moat fioang
vO nagy thagnh moat noang vo
khauc, thoang gqua vieac phaut
ra moat hait nago nou.

« Nhaan chou soi phaan rad
phoung xal nodic goii lag nhaan



 Nhaan khoang chou soi phaan rad
phoung xal NOOIC goli |ag nhaan bean.

b. Cauc naéc trong cuua phoung xai
lag :

« Loai hatphautra

« Naéng|66ing hait phaut ra

» Thogi gian phaut ra

 Phaan bod gouc @gidda cauc hait
cugng phaut ra vag spin



» Tinh phoung xai khoang phui
thuoac vago tinh chadt hoau hoic
vag lyu hoi'c cutia hoang Vo.

c. Cauc loaii phoung xai:

» Phoung xal phaut ra hait Anpha

» Phoung xal phaut ra hait

Beta( Aiedan toU hoaéc pozitron)



 Doch chuyean Gamma xaly ra
khi hoang vo phoung xal 60 traing
thali kich thich cao hon chuyean vea
traing thaui thadp hon hoaéc veo
traing thaui ¢ badn.

Nhaan phaut hait anpha hoaéc
beta sau fou col thea phalt gamma
neau sau khi phaut hait maeg naéng
|160ing cula hea thoang 00 traing



* d. Cauc naéc trong thogi gian

cutia phaan rao phoung xai :

 Thogi gian soang trung binh T
*Phaan rad phoung xa lag modt quau
tnnh thodng kead cho dug cauc nhaan |ag
nho nhau vag NOOIC taio ra cugng Noat
thogi fieam sed phadn rad sau NhooNg
HAA A an lhat - nha o



 Nhong neau ta tinh cho moat soa
raat [6un nhaan thi thdégi gian
soang trung binh Tt cula moat loali
nhaan lag moat naii 166ing naéc
trong cho loali nhaan nou.

* Moai loaii nhaan cou moat T xauc
nonh vag khoang phui thuoac vago
cauch thouc thu hait nhaan vag
cauc Nieau kiean bean ngoagi nho :

Nnhiaoayr ARAR  Aatin citivn2F Aiean FAx



. Chu kyg baun rao

Khoaling thdgi gian fied cho calic
nhaan phoung xa N, giadm ni phaan
no0a NOOIC goii lag chu kyo baun rad
T,, téuc lag : taii thogi Aieam
t, =T
phaan rad cheae Ia@oz
F=T ->N(T )= (7 1)

., S04 nhaan cou thea
N



Moai nguyean toa phoung
xal cou chu kyg baun rad xauc
Nonh
. Haeéng soa phaan rao:

Nes nmoa ta(l hiedn toding phadn rad
phoung xa ngddgi @ Nda vago nodt
Nai 100ing Mdui goii lag haeng soa
phaan rad A. Haeng soa phaan rad |ag
XalC suadt Nea moat nhadn phadn rad
trona noatk nonN vo thodt adian




Neau nho cou N
nhaan khoang bean thi
trong moat nén vo thogi
gian sed cou AN nhaan
phaan rad.

Moai loali nhaan cou
moat haeng soa phaan
ra0 naec trong.



Nonh luait phaan rad phoung
Xai

1. Thieat laap nonh luaat co baun
Trong nmodt Non vo thdgi gian soa

nhaan phaan rad lag AN , trong thoai

gian Aiean tich soa nhaan phaan rad |ag

dN baeng:

dN =-ANdt

_— 7

(2.2)

\N AN ~N AN



Ta kyu hieau:

- Tali t = 0 soa nhaan phoung
xal ban naau lag N,

- Taii t soa nhaan phoung xai
lag N(t)
Neau goii R lag toac noa phaan rao thi
hay cogn goli Ila@h%cé'ft Noa phoung
¥l *



Maét khauc tog (2.2) ta cou thea
tim nodic N(t) baeng cauch laay tich

p’haaﬁlt%p(ﬁ‘w— /lhdt Inl\ll\ft) = At I\Il\ft) 2

cuN@i)c__ugong ta NOOIC :
(2.4)
nooic goii lag nonh luaat co batin cuua
phain raé phoung xai . N(t) lag soa
hait nhaan cogn lali.

=> Hoalt hoa phoung xail : R{) ="




2. Quan hea giooa chu kyg
baun rao T,, vag haeng soa
phaan rao A

Tali t = T,, thi soa nhaan

phaan rao phgung Xal cogn

N(
lall baenﬁg“zbhaan n6Oa soa

nhaan ban naau : 07/21/13 12:55 PM




Thay (2.5) vago (2.4) ta Nodic :
N — ~Aly, N N AT
?O—Noe 20 e”sz 2 ®

AT =in2 T, an2 909

1/2

2.0 T 0 (2.6)

Vaay : Chu kyg baun rao tee led
nghoch voui haeng soa phaan

~N

r'ao



3. Quan hea giooa thogi gian soang
trung binh T vag haeng soa phaan rao
Ta lady moat thogi nieam ¢
nago nou fiea khalio saut.
Nhoong nhaan nago phaan rad
troouc thowgi fieam t sed cou
thogi gian soang beu hon t.
Nhodng nhaan phaan rad trong
vi phaan thogi gian dt taii t"sed



Soa nhaan nagy seo lag
dN(t) baeng :

dN(t) = AN(t)t dt
(2.7)

Thowgi gian soadng toang
coang cula soa nhaan
nagy lag :

t.dN(t) = AN(t)t dt(2:8



Théwi gian soang trung binh
cula nhaan nagy seo lag:

@/(at @Knyat
r=2 =2
@ oot

Thay (2.4) vago ta NoadIc :
@pcdt  QHat
T_O — 0
(2.9) O@Eﬂdt O@dt




~y

Noai biedn At = x ta noodic :

iz N.,e “dx
A 1 (2.10)

T = 10 T =
— e ’dx
A

Vaay : Thoégi gian soang
trung binh cula nhaan
baeng nghoch nado cula
haeng soa phaan _rad.,



Soa nhaan phoung xai cogn lali

sau thbégi gian soaAng trung binh

cuCia ihpap Bee jy et :%

Sau thogi gian T nhadn phoung xai giaum e
laan

Trean hinh 1 trinh bagy soi phui
thuoac cula N(t) theo thbgi gian
dola theo qui luaat (2.4) . Ta thaay
raeng cou sau moat thogi glan baun

~N ——— VAN



N(t) 4

15 Ny

1/4N

[

| >
»

|
1/2

O T 2T

1/2

3T

1/2

07/21/13 12:55 PM

Hinh 1 - Oui luadt nhaan rao nhoiina xai




Tog nonh nghoa cutia T,, ta suy
ra soa nhaan phoung xal N cogn
Ell sau n chu kyg bauln rad so vOuli

soa,—\NO Igan faau 4z 7

1/2
VOUl

Vi dui : Cou T,, = 5,27 naém. Hodi

sau t = 10,54 naém soa nhaan
phoung xai N cogn lali baeng-bao



Logi giaiii : Tog : N = N e

In2
aup duing coang thouc D\ Fo693
_In2 5,27
A )r N,e
cou T, Suy a :

Tali t = 2T,, soa nhaan phoung xai
cogn lali lag : N = 0,25N,



PHAAN RAO ALPHA



Phaan Rao Alpha

Hiean tod6ing moat nhaan
naéng cou khoai soa A , nguyean
tou soa Z toi hoang phaut ra hait
alpha( ,He*) fea tréG thagnh
moat nhaan khauc cou khoai soa
giabm 4 no6n vo(A -4) vag
nguyean tol soa gialm 2 nNén.vo



Phaan rad anpha nodic mieau

ta0>@h6 sau: \,A—4 4
Z v + He
(3.1)

nhaan mei  nhaan con hait anpha

Ta goli nhaan naéng phaut
hait alpha lag nhadn mei, nhaan
cou khoai soa (A - 4) vag

N s EE A y 4 4 ——— - 1 - -



» Phaan rad anpha xally ra khi hait nhaan
phoung xal cou teesoa N/Z quau thaap.

e Phaan rad dpha thoall nieau kiean
khodi 100indyeaa M. +m_ +2m, +Q

(3.2)

Trong nou : M_, M, m_, m,
todng oung lag khoai 160ing cula
nhaan mei, nhaan con, ..hait



Q : Toang noang naéng cula
nhaan con vag hait alpha.
- Vugng phaan rao alpha : Phaan
rad alpha chae xaly ra noai voui
cauc halt nhaan naéng.
Hiean cou hdén 200 nhaan

phaén rad anpha. Na soa chuung
naem cuoai badng tuaan hoagn



Cauc vi dui phaan rao alpha :

o U 238 a o Th 234 j' H e4 (33)

o R&226 a o R,7222 j'He4 (34)
o POZJ_O a o Pb206 j_He4 (35)



Chu kyg baun rao vag naeng looing
hait alpha:

Tinh chadt guan troing nhaat cula
phaan rad alpha lag soi phui thuoac raat
mainh cula chu kyg baun rad vag
naéng 100Ing culia hat alpha.



Nonh luaat Geiger - NuHall
phaln aunh nieau nou nho sau :

g7, :C"'L

vE (3.6)

C, D : lag cauc haeng soa khoang
phui thuoac vago khoai soa A mag
chae phul thuoac chul yeau vago
Z.

Nanh liiaar nanic atin diiinao



Ta cou thea biedau diean
nonh luaat Geiger - NuHall dodui
daing cou soOi phul thuoac cula
qualdng chaiy R vago haeng soa
phaan rad A nho sau : IgR =
AlgA + B

A : Chee noa nghieang cula
noogng thaung

~ P~  \ L . U T I 1 2 N I



Caan chuu yu lag hait alpha bo haap
thui raat mainh botii moai trooeng . Do
vaay quaong chaiy cutia nou trong meoai
trooeng raat beu.

Do vaay bouc xai alpha tog nguoan
ngoagi chieau vago co thea it bo nguy
hieam.

Ngoogi ta tinh nooic quaong chaiy R

cutia hait alpha cou naeng looing. cao



« Hait alpha phatt ra voui naeng looing
vag suaat ra xauc nonh .

Hinh 2 trinh bagy soi phaan rao theo
hai nhaunh. Nhaunh thou nhaat voui hait
alpha cou naeng looing = 4,591 Mev,
suaat ra 5,7%. Sau khi phaut hait alpha
trou thagnh noang vo Radon ( Rn???) ou
traing thaui kich thich.



Laap touc ngay sau nou
thoic hiean vieac phaut bouc
Xal gamma VvOui nhaéng
|100ing fiea vea traing thaui
c6 badn.

Nhaunh thou hai sau khi
phaut anpha cou naéng
|100ing , suaat ra 94,3% trod



a,:4,591Mev Ra?*
5,7 %

a,: 4,777 Mev

Ra222

Hinh 2: So noa phadn rao a cutia Ra***

07/21/13 12:55 PM



Bagi toaun madu 1:

Balng sau nagy cho noadt soa
pheup No toac Noa phaan rad cula 128].
Nady lag chaat faunh dadu fied
No toac noa haap thui loat cuda
tuyean giaup trong ngagnh vy
hoic hait nhaan.

Tim haeng soa phaan rao vag chu.kya



Thogi gian (phuut) R ( Soa neam /S)

4 392,2
36 161,4
68 65,5

100 26,8
132 10,9
164 4,56
196 1,86
218 1,00

Logi giadli :
Laay gorarit toi nhiean cuta N(t)

I\I t 07/21/13 12:55 PM
— o -d



PHAAN RAO
BETA



Phaan Rao Beta

Hiean toding phaan rad beta
lag hiedn tooing biedn noai toi
nhiean moat nhaan khoang bean
thagnh moat nhaan bean voui
fiedn tich thay noai moat Aon vo
, kegm theo vieac phaut moat
electron hay chieam moat

VAN AN \ N\ VAN
Alacrkrrarmn ~1ifin AT viAall NALINV A A N



Cou 3 loaii phaan rao 3
1.Phaan ra6 B~ ( Phaan rad niean tou)
« Trong phaan rad loaii nagy
nhaan _X* phaut ra moatye vag
npoat phaldn neutrino

. lag hait trung hoag khoang
cou khoai 1661ng ( gaan Auung
X ey

Phoong trinh phaan rao lag.:



« Ta thaay phaan rad [ theo
(4.1) lag keat quad cula phaan
ra0 neutron trong nhaan fiea
biedrvthaznh progon fheo s6 foa
sau :



« Trong hinh 3 nhaan _,K* phaut
ra hai hait 3. Hait B thou nhaat
cou suaat ra 18% voOui naéng
|160ing 2,04 Mev.

Sau khi phaut hait thou nhaat
trot thagnh ,,Ca*? 0U traing thaui
kich thich voui moéuc naéng 166ing
1,53 Mev. Sau nou phaut ra y voui
naéng 166ing E, = 1,53 Mev, fiea



42
19I<

3~ 3,55Mev B
2,004Mev

82%
18%

42
,oCa
Hinh 3: So6 fioa phadn raé  cufia , K* "



 Phaan rad B tuaan theo quan
hea khoai 166ing sau Naay :
M =M_+m_-+ Q (4.6)

M_, M, m_- lag khoai 100ing

m
nhaan mel, nhaan con vag niean
tol
Q : lag khoai 166ing to6ng oung

\

vATH FaNA AnaNnAa haANnA clifia e



« Phoa naéng 160ing cual e
trong phaan rad B lag phoa liean
tuic tég 0 Nean naéng 160ing E,,.
= QC?.

Hinh 4 trinh bagy phoa
phaan rad B cula P32 . Naéng
106ing cOic Aaii culla phoa lag
E... = 1,71 Mev. Naéng 106ing

Max

X



Soa tobng noai
E.: = 0,7Mev
EMax —
1,71Mev j
| | | | R

0 0,5 1,0 1,5
Hinh 4 : Phod phadn rad [ cuila ioangvo:P3 ™



Thaay phoong trinh (4.4) thoal
cauc nonh luaat bado toagn:

- Balio toagn nieaan tich :

( +15e) = ( +16e) + ( -e) + (0)
(4.7)

Chuu yu raeng khoang mang niean.
- Balio toagn soa nucleon :

(32) = (32) + (0) + (0)
(4.8)

y_ | \ \ \ ~N AN 1 1 VAN



e Khall nééng Naam xuyean cula hait
beta |6un hon hait anpha,

Hait Beta it nguy hiedm khi chiedu xai
ngoagi. Cheenguy hiem khi hait beta fi
vago cO theg, vi lulc fou trong qual
tninh hadp thui culia cd thea nol sinh ra
tia X cou khall naéng faam xuyean 16Un.




2. Phaan rao [(* (hoaéc phaan rad
positron)

OU flady nhaén _X* phaut ra
moat positron et vag moat
neutrino y Aea hinh thagnh moat
nhaan cou cugng khoai soa A
nhong vOui soa nguyean tolu Z
beu hon 1 A6n vo .

—I— N\ \ =m
(72 o WU T B o | NI B R & & ‘-Iﬂllf\lf'\ Ny ey Nl s MI\"\J-



Cou thea bieau diedn trong
daingygau Aaay : x* ¢ 4
(4.9)
Vidyizn® F Cu® ¢ 4
Na? *#  Ne? & 4

10

11
(4.10p 5 p & A

(4.11)



 Phaan rad B* tuaan theo quan
hea khoai 100ihg Maumady
M, M, M, (4.13)

lag khoai 100ing nhaan
mel , nhaan con vag fiean tol G
Q : lag khoai 160ing to6ng oung
vOUi toang RAoang naéng culla e+
vag .

Plf'\l II\I \II\I If‘"\f\\lf'\ﬂ ~ I"\ﬂ IF\IF\"\IAIV'\



« Quan hea vea khoai 10606ing
cou thea biedu diedn qua khodi
|66Ing  nguyean tod cula
nguyean told mel vag nguyean
toa con nho sau :

Trong (4.13 ) nhaan con cou
soa hguyean tod beu hén 1 nén
vO . Cou nghdéa lag nhaan con bo

y 4 ~N 1 am ~N 1 ~N nm [ ]
At Al At A- Al A1 LA



Ta cou :
M_ =M_+2m +Q
(R 140, M,
. lag khoai 1661ng
nguyean tod nhaan mei ,

nhaan con vag niean toud



3. Hiean tooing baét e cuua loup vou
nguyean tou ( baeét K)

Lag hiean tooing nhaan XA
haap thui modt fiedn toi cuiia l6up
nguyedn toi (thobgng lag cula
loup k) vag phaut fea tréd
thagnh nhaan moui ,cou cugng
khoai soa A nhong voOui soa..Z



Trong quau trinh nagy moat
proton cula nhaan biean thagnh
moat neutron vag moat neutrino
sau khi haap thui moat e cuda
I6up vou .

¢ -Bigédu drean hieqn tooing nou
Nnho sau :

L« IdiAamis s I Al la~ MR AL A 2 0N



« Ta thaay hiean tdoding nagy
gioang voui phaan rad B+
¢« Hiean to6ing baét K tuaan theo
quan hea khoai 166ing sau Naay :
M +m =M_+B+Q (4.16)
M .MM, :lag khod 160ing nguyean tod
nhaan Ml , nhaan con vag hiean todd .




Q: lag khod 1060ing tOdng oung voui
naéng 100iNg culia hiean tooing

B: lag khod 1060ing tobng oung vou
naéng 100ing liedn kedt e bo baét .

Vi dui : Hiean to6ing bag&t K cula nhaan
N&?2 nhoO sau :

g+ Na? | NeP+y (4.17)



Hinh 5: S6 fioa biedn Roai culia
. Na%? thagnh ;,Ne?#’

Trong Nou naéng 100ing liedn kedt culia
e bo baét cula I6up K cula
nguyean tolu ,Na?? lag E, = 1,08
Mev. Sau khi baét e- [6up K nhaan
oNe?? phaut tia y naéng 100ing E,
= 1,277 Mev , do nou noang



22
11Na

b.e. 10,2¢
B+ 0,544 Mev
89,8%

y 1,277 Mev

22
1(,Ne

y

Hinh 5: So rioa biedn fiodi cutia ,,Na*?
22
thagnh ,,Ne

07/21/13 12:55 PM



 Tauc hai cula hiean tooing ba& K cou
thea hiesu nhd sau';

Sau khi ba& K, trong 16up K xuadt
hieen loa troang . Moat e 16up L
ngoagi 10up K sed chuyean vago
vo tri loa troang loup K vag
phaut ra tia X naéc trong. Tia X
nagy sed gaay nguy hieam cho



Nhin lali thady raeng phaan
rad B khoang phali lag quau
trinh bean trong hait nhaan .

Thoic chaat nou lag quau
trinh bean trong hait nucleon .

NoU giuup ta hieau raeng
cauc hait c6 balun proton vag
Nnetitron khoana thoic <o1 [Ag



Bagi Toaun madu 4 :
Tinh naéng 160ing phaan rad Q Noai
VOui phaan ra0 B cula ,.P*? theo

phodng trinh phaanrad :
32 B 32 -
15P 16S e y

Cauc khoai 166ing nguyean tod
cula :

D32 Iapx X1 Q72201 Il Q32 |Iapx



Looi giaii : GoOli m_ vag m, lag khoai
l60ing nhaan cuua P32 vag S*

m, , m, lag khoai 166ing nhaan

culia P32 vag S32

Theo (4.4) naéng 166ing phaan
radb Q baeng Amc? , trong nou
theo (4.6) cou :

Am — mp - ( mS + me_ ) 07/21/13 12:55 PM



Neau coang vago 15m_- vag
boéut ni 16m_- 64 vea phali cula
pPhieng,teipg, tinh talgrn _Qou :

(1 824 @j ?421%@

KI nguyean tod ,.P3? KI

15
nguyean tou 53

vag Q = Am.C2 = ( 31,97391L.U.~



PHONG XA TU NHIEN

e C6 4 chu0i phan ra phéng xa ton tai trong

tu n h Ie n Table 13.5 The Four Radioactive Series

Series Starting Isotope Half-Life (years) Stable End Product
N
. s DERE e 1)
4 ser,  Uranium =4 B 4,47 % 107 200Ph
= a SRR - P i 1T
140 2984 Actinium el 7.04 X 10° 2iPh
QAR g . EREN i j
s l'hormm 'E,']lh 1.41 % 10 E;E-I*"h
: . - 5 28, .
135 Neptunium '?53}.]}" 2,14 % 108 ;E;_a,lh
2Py
212},
130
e= 123
::'?‘-'['] 21 :'E:ru
izt
195 | wspp _
. = 7
80 85 90

Figure 13.21 Successive decays
for the 2%2Th series.
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240 238 236 234 232 230 228 226 4 m 220 218 216 214 212 210 208 206
U U
4 463E<0 ¢ 24355E45
¥ T100%
100% 100%
Pa
117m
T
Th Th
24104 7538E4y
LY
100%
Ra
1600 v
100%
Rn
382354
Po Po Po
310m 1643 us 138376 ¢
T 1008 T100
100% : :
Bi Bi
159 m 5.013 ¢
| | 100%
Pb Pb Pb
268m 223 stable




ATOMIC NUMBER - Z

|

83

81

ATOMIC MASS - A

234 232 230 228 226 224 m 220 218 216 214 212 210 208
Th Th
1 405E10 + 19116~
L e
b I
100%% 100%%
Ac
6.15h
T
Ra Ea
373w 3664
100%%
En
3563
Po Po
0145 = 0280 g=
| 5434
Bi
G035 m
T 38%
Pb Pb
1064 h ztable
T
Tl
30533 m




Bai 1: ﬁ Na

Natri 1a chat phéng xa B- v@i chu ki ban
ra T=15h .Ban dau c6 12¢g .

a. Viét phuong trinh phan tng phéng xa
b. Tinh d6 phéng xa cua khoi chat con lai
sau 30h .



Bai 27;,Po  P6l6ni la chat phéng xa
alpha v@i chu ki phéng xa 140ngay dém,
ban dau cé 21g .

a. Viét phuong trinh phan ung phéng xa,
tim cau tao hat nhan con?

b. Tinh s6 hat nhan Po ban dau va so hat
con lai sau thoi gian 280 ngay va 325ngay



Bai 3:Cho phan ing hat nhan sau ;

10 A2

4 3
5B + ZZX => » Het

A Be
Tim hat nhan X ,tinh xem phan ung thu hay
tod bao nhiéu nang luong ?
Cho :m,= 9,9756u ; m;_, =4,001506u ,m,=1,998u,
mg =7,9796u ; u=931,5MeV/c*



Bai 4:Chat phéng xa Po phan ra theo phan
Urng sau :21¢ 4 206
s PO => ,He + " Pb
a. Tinh nang luvong toa ra khi c6 10 g Po phan
ra hét ? Cho :m__= 209,9828u ; m,,
=4,0026u , m,, =205,9744u, u= 931,5MeV/c?
b. Tinh déng ndng cta hat san pham ngay
sau phan ung ?



Bai 5 : Ban dau c6 2g Radon (222Rn) la chat
phéng xa véi chu ky ban ra T = 3,8 ( ngay
dém) . Tinh

alSo nguyén tu ban dau
b/S® nguyén t con lai sau thoi gian t = 1,5T

c/Tinh ra (Bq) va (Ci) do phéng xa cua luong
Radon néi trén sau t = 1,5T.
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Bagi 6 Cho phdn Ung hat nhan :
~ “Na+;P X +::Ne

a. Viét day du phan uUng trén : Cho biét tén
g0i, sO khOi va sO tht tu cUa hat nhan X.

b. Phdn Ung trén : phdn Ung tda hay thu nang
luong ? Tinh dO 16n cUa nang luong tOa ra
hay thu vao do ra (eV).

Cho khoi luong cac hat nhén :

m,,..=22,983734u , m_ =1,007276u

m, =4,0015u , m.=19,97865u , u= 931,5MeVIc?



Bai 7: Cho phan uing hat nhan :
T +X "He+,n+17,6 (MeV)

a. Xac dinh hat nhan X
b. T nh nang luong téa ra tur phan ung
trén khi tdng hop duoc 1 (g) He. Cho
biét N, = 6,02.102 phan ti/mol



Bai 8: Trong mdt mau quang Uran, nguoi
ta thay co lan 26Pb va 28U. Néu ti I1é cu
10 nguyén tur Uran thi c6 2 nguyén tu chi.

a. Viét phuong trinh biét rang Uran phan
ra thanh chi qua mot sd lan phat alpha
va beta tru.

b. Xac dinh tudi cia quang biét chu ki T =
4,5.10° nam



Bai 9 : Nguagi ta dung protén cé nang
luong K=1,6 (MeV) ban vao hat nhan
Li(3-7) ding yén va thu duoc 2 hat gidong
nhau c6 cung dong nang.

a. Viét phuong trinh cta phan Ung, ghi rd
cac nguyén tu sd Z va so khoi A.

b. Tinh dong nidng K ciia moi hat.

c. Phan irng hat nhan nay toa hay thu bao

hIEH AN Y73 m, = 7,0144 0
m, =4,0015u; u=931MeV/c?



Bai 10:Ban hat alpha c6 dong nédng
4MeV vao hat nhan N(7-14) dung yén
thi thu duoc mot hat proton va hat

a.ql?ﬁ\nl?ént nhan X tinh xem phan tng thu
hay tod bao nhiéu nang luong ?

b. Gia su 2 hat sinh ra cé cung toc do,
tinh dong nang va téc do cua proton.

c. Tim goéc tao bai hai hat sau phan ung

Cho m_ = 4,0015u; m,= 16,9947u ;
m,= 13,9992u; m =1,0073u; u=931,5MeV/c?



Bai 11: khi phan tich mot mau go, nguoi
ta xac dinh rang: 87,5% s6 nguyén tu
cua dong vi phéng xa “C da phan ra
thanh N. Xac dinh tuéi cda mau go
nay, Biét chu ky ban ra cuia 4C la 5570
nam.



Bai 12: Cho biét 238U va 25U la dong vi
phéng xa. Trong quang thién nhién
hién nay ti |Ié cua #8U/2°U la 160:1. Gia
su rang ti & nay khi hinh thanh trai dat
|a 1:1. Tinh tudi cua trai dat. Biét chi ky
ban ra cua 28U va 25U lan luot 1a T, =
4,5.10° namvaT, = 7,13.10% nam.



Bai 13: Bom nhieét hach(bom kinh khi)

a.

b.

ding phan ing: D+ T=He + n

Tinh nang luong téa ra khi dung 4g
He dé tao thanh vu né.

Nang luong nay tuong duong voi
luong thuéc né l1a bao nhiéu. Biét
nang suat téa nhiét cua TNT la
4.1KJIKg.
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