Radioactive Decay

Total radioactive decay constant

_AN N
dt

A is the total radioactive decay constant.

N is the total no. of identical radioactive atoms

AN is the activity

It is a constant proportional to the rate of change of number
of atoms as a function of time.

1/ is the probability that an atom with decay during a time

interval.
N t
aN __ [ 2dt
N 0

No
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Partial decay constants

* If nucleus has more than one mode of
disintegration (different daughter products)

A=, + Az + A +...
» The total activity is
NA=NA,+NA; + NA +...
» The partial activity is
N.A= NO/'L,e‘ﬂt

Units of Activity

 Curie (Ci) = no. of dis/s occurring in a mass
of 1 g of 5Ra

e Now 1 Ci =3.7 x 101 dis/s = 0.988 mg %?°Ra
e New Sl units > 1 Bg=1dis/s
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Mean Life and Half Life

P XNO 5 <-RECTANGULAR SHADED AREA = Ng=
~< AREA UNDER CURVE FROM T =0 TO @
o AN = 0.5AN, )
N
— AN = 0.3679 AN,= —2
> AN = ANy €M
F‘_ SLOPE =-NN
2

= 693IT ==XNN,

Radioactive Parent-Daughter

Relationships
dN, _
Eﬁ = NighVy — )\'EN?

o hlA(Nl)og_M — NN, 6.14

Ny = (Ny)o (xie™ ™ + xpe™ ™) 6.15
Differentiate 6.15 with respect to t substitute 6.15 and 6.14

Aia _ — N4
K A = g S e
L )\2 = hl )\2 = )\1
N,= 0 when t=0
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Radioactive Parent-Daughter
Relationships

N,=0 at t=0 and substituting x, and X,

h —A1 =A2
NNy = Aa(Na)o ~ _"‘ 5 (™M — M

AN, = M(NDoe ™
)\zNz )\m P }‘2 (1 - e—(}q—}u)f)

For only one daughter product A, , =2,

}\QNQ = }\Q (1 _ e—()\z—}q)r)
}\lNl )\2 = )\1

Equilibria in Parent-Daughter
Activities
ANy _
dt
Mg~ M = Npem Mot

hg = h = M)im

A

A
In %_f = ()\2 = k|.) tﬂl

_In (\A) Time for maximum

WRTIENS B0 Activity

0 = (=Ne M + Ne ™= Find maximum
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Daughter longer-lived than parent

ha < Ay
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Daughter shorter-lived than
parent

Ao > M
NNy Mg A
NNy N, Ay § e g t>>t Nadve o d g
A N } B NN N =N
(N, i transient equilibrium
ANs= [k‘N,loe 0
> & %,,Mo decays to %M, Tc
L= HYPOTHETICAL , 99 0
= BSSIMING 3,00 3, decays to %%, Tc 86% of the
=) : - SN, = 1099 N time
ails o TS
E |/  1ACTUAL Sy 9,,Mo decays to %™, Tc
ﬁ L /t23n FOR| M1a /=086 \\.H d
B[] twaan oo 14% of the time
OF BOTH xzNp= XNy (54) 525
DAUGHTER| M
- L NN T, = 66.7 hr for parent
% PO A0 R0 80 12
t(h) T,,= 6.03 h for daughter
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Only daughter much shorter-lived
than parent

ha >> Ay

Secular equilibrium

o,y o

226 222
HHRa ¥ H!,Rﬂ
T2 = 1602y Tire = 3.824d
A =1.1845 % 10-84-1 A2 =0.18125d~!

218
4 Po

Removal of daughter products

* In diagnostics or therapeutic applications of
short lived radioisotopes (e.g. °™Tc), it is
useful to remove the daughter product at the
time of its maximum activity.

Activity at time t=t,

< i R
)\QNQ = }\IA(NO[}E ity ﬁ (e Mtz —1t) p (2 ;1))

;

Initial activity of parent source at time t=0
A, daughter is completed removed at time t=t,
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Number of target atoms — p — N
(3

where N,
A

Radioactivation by nuclear
Interactions

P (6.38)

= Avogadro’s constant (atoms/mole),
= gram-atomic weight (g/mole), and

m = mass (g) of target atoms only in the sample. (This is equal to the product

of the gross sample mass by the weight fraction of target atoms present
in the sample.)

AN, =
(aI(T*)-)O = ANeNg  (Bgs )

Radioactivation by nuclear
Interactions

(th:[}t s ¢N{a (Bq)
AN, =0att=0
ANiw = (\WN,.), (1 — ¢7™) = oNo(1 — )

EQUILIBRIUM ACTIVITY

> 1.00 -‘— Sl — — = e
= il
= 632 e
5 T2 4 i _[-‘u

SOl rrar ! (INITIAL RATE OF
g 71 ; ACTIVITY GROWTH)
= [l
q 2y ey
E‘ ! E/T=L44Tb‘

0 I 2 3 4 5

TIME 1 (iINuNnITS OF T )
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EXxposure rate constant

I fdX N
ry=—(—
B e\

Specific gamma
ray constant I"
only accounts
for gamma-rays

Includes characteristics x-rays and bremsstrahlung

TABLE 6.1. Data for Selected y-Ray Sources®

Specific y-Ray Exposure-Rate
y-Photon Energy  Constant’ (R em®  Constant® (R cm?

Radionuclide  Half-Life (MeV) mCi™' h™) mCi~ h™")

gy 30.0 y 0.6616 3.200 3.249

ICr 27.72d 0.3200 0.1827 0.1827

“Co 5.26 y 1.173-1.32% 12.97 12.97

" an 2.698d  0.4118-1.088° 2.309 2,357

1y 60.25d 0.03548 0.04194 1.315

1 T4.2d 0.1363-1.062° 3.917 3.970

Rat 1602 y 0.0465-2.440° 8.996° 10.07

18 Ta 115.0d 0.0427-1.453¢ 7.631 7.753
‘NCRP (1974).
*The specific y-ray and were calculated by L. T, Dillman from decay-

scheme data, assuming W,,, = 33.70 eV/i.p. Values in the present table have been adjusted downward
to be consistent with W, = 33,97 ¢V/i.p. Contributions ta these constants by photons below 11.3 keV
were excluded

‘Minimum and maximum values included in the calculation of specific y-ray constant and exposure-rate
constant.

“With daughters.

"This value differs from the currently accepted value of 8.35 R em® mCi™ h™! for radium because the
value 8.996 lculated for no filtration. The value of8.35 is for a filter of 0.5-mm platinum and includes
such secondary radiations as may be 1in the pl. filter; it ponds to 8.25 R em® mg ™'
h™', since 1 mg = 0.988 mCi.
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