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The general form of -decay?

NUCLEI

Continued from November 19t,,

W.E - 3: Find the binding energy of jiFe.
Atomic mass of Fe is 55.9349u and that of
Hydrogen is 1.00783u and mass of neutron
is 1.00876u

Sol: Mass of the hydrogen atom my
=1.00783u; Mass of neutron m, = 1.00867
u;Atomic number of iron Z=26; mass
number of iron A=56; Mass of iron atom M,
= 55.934%9u

Mass defect Am = [Zmy + (A - Z)m,] - M,

= [ 26 x 1.00783 + (56 - 20)1.00867] -
55.93493 ; u = 0.5287 u.

Binding energy = (Am)c® = (0.52878)
¢? = (0,.52878)(931.5MeV) = 492.55MeV

W.E - 4: Find the energy required to split
'*0 nucleus into four a - particles. The mass
of an

a - particle is 4.002603u and that of oxygen
is 15.994915u

Sol: Mass of a-particle = 4,002603u
Mass of oxygen = 15,994915u

B.E =[Mass of 4 particles-Mass of oxygen]x
931.5 MeV

B.E =[4x4.002603 - 15.994915]x 931.5
MeV

=(16.010412-15.994915) x 931.5 MeV
=0.015497 x 931.5; B.E =14.43 MeV

W.E - 5: The binding energies per nucleon
for deuterium and helium are 1.1 MeV and
7.6 MeV respectively. What energy in joules
with be liberated when 2 deuterons take part
in the reaction

Sol: H+iH = JHe + Q

Binding energy per nucleon of helium
(3He) = TMeV

Binding energy =4 x 7 = 28 MeV
Binding energy per nucleon of deuterium
(2H) = 1.1MeV

Binding energy = 2 x 1.1 = 2.2 MeV

Energy liberated (Q) = (28-(2.2)2) = 23.6
MeV i.e, Q =23.6 x 10° x 1.6 x 10°'%;

Q=37.76 x102)

W.E - 6: The kinetic ener?; of a-particles
emitted in the decay of ssRa**® into gssRN?*? is
measured to be 4,78 MeV. What is the total
disintegration energy or the 'Q-value of this
process’?

Sol: The standard relation between the
kinetic energy of the a-particle (KE,) and the

Q-value (or total disintegration energy) is
. _ fA-4 a A
kEa = ()0 0= (35)-KE.
P

= ( i } X 4.78MeV = == x 4.78MeV

2264
Q = 4.865MeV = 4,87 MeV

Natural Radio Activity: Spontaneous
decay of naturally occurring unstable nuclei
by emission of certain sub particles (like «,p
and y radiation) is called natural radio
activity.

The emission of these rays takes place
because of the instability of the nucleus. In
the process of emitting these rays a nucleus
tries to attain the stability.

In general natural radioactivity takes place in
heavy nuclei beyond lead in the periodic
table. There are also naturally radioactive
light nuclei, such as potassium isotope 1oiK*C,
the carbon isotope 4C** and the rubidium
isotope 37Rb™.

Regarding radio activity.

(i) It is completely unaffected by the
physical and chemical conditions to which
the nucleus is subjected i.e we cannot
change the radio activity by applying high
temperature, high pressure and strong
electric field etc.

(ii)The nucleus can disintegrate immediately
(or) it may take infinite time.

(iii) The energy liberated during the
radioactive decay comes from individual
nuclei.

epaper. ntnews, com

MODES OF DECAY:

The radioactive nucleus before decay is
called a parent nucleus, the nucleus resulting
from its decay by particles (Radiation)
emission is called daughter nuclei,

This daughter nuclei may be stable (or)
unstable.

X y . R " Q
Parent Daughter ' Radiation Energy

Here R may be either a particle (or) f
particle (or) y radiation. Q is the energy of
the emitted particles (or radiation)

INTERMEDI ATE

special
S ENTOR

a - DECAY: When a nucleus disintegrates by
radiating a-rays, it is said to undergo a-
decay. An a-particle is a helium nucleus.
Thus a nucleus emitting an a particle losses
two protons and two neutrons, as a result its
atomic number Z decreases by 2, the mass
number A decreases by 4 and the neutron
number N decreases by 2.

X 5 Y+ He* + Q
Ex: ssRa?®® - zsRN?**? + ;He' + 4.87MeV

Both electric charge and nucleon
number are conserved in the process of
a decay.

Application: When a stationary Radio active
nucleus x decays into another nucleus y by
emitting an a-particle. x -+ y + «a particle +Q

Applying LCLM if « particle moves forward
with a momentum P’ then daughter nucleus
y recoils with same momentum ‘P’ so that
total momentum of the system is zero.
Hence

The energy released 'Q’ is in the form of K.E
of daughter nucleus ‘y’ and 'a’ particle.

Q = KE, + KE,

KEy _ Mg
KE, M,

Ratio of kinetic energies

Y
(v KE = — and KE a — when 'P’ is same)

My KEg+KEy, My+M,

KE
¥ = 1 4+ .
KE, My

KE, M,

1+

= H_L._H o i Ma
KEq QLI,+H}.] : HE}' QIMHMJ,I

Notice that KE, is very close to (but smaller
than) Q.

p- DECAY: When a nucleus disintegrates by
radiating B-rays, it is said to undergo B-
decay.

1) p particles are nothing but electrons.
Hence when a nucleus emits a p particle, the
atomic number (Z) increases by 1 unit, but
the mass number does not change.

The general form of p-decay can be written
as 2 5 20Y + 0%

EX: 9o TI"IEH — gipﬂzy + _IEB

Both electric charge and nucleon number are
conserved in [} decay also.

y = DECAY: When a nucleus disintegrates by
radiating y-rays, it is said to undergo y-
decay.

Gamma rays are nothing but
electromagnetic radiations of short
wavelengths (not exceeding 107'" m)

The emission of y-rays from the nucleus does
not alter either atomic number Z or mass
number A. It just results in the change of
the energy state of a nucleus.

When a parent nucleus emits an o or a 8
particle, the daughter nucleus may be
formed in one of excited states. Such a
nucleus will eventually comes to the ground
state. In this process y-radiation will be
emitted.

X% = 2X* + y photon(s)
Ex: 33'Sr” —+ 38 5!"31r + v
385r is isomer of 3g5r.

Note: When a Radio active nucleus emits an
a-particle followed by two p-particles, its

isotope is formed.
i ) 28~ ;
!x,l- I [ 112?1 i _.Ix‘. a4
Note: When a Radio active nucleus emits a
fi-particle its isobar is formed
g
Ixﬂl E*IT#

Note: When a Radio active nucleus emits a y-
particles its isomer is formed

@71 S

,' I -f_'.,. ...l('-i'.'l I:!J'. o ]

—— °*+od e

I | ! o %ﬁu b

4 £ I I ]

[ - | ot Wl 1
)

_‘5."" 1 W [a,

- | :-'I{- o T
|

I Lkl

:.._-h__l.

Deflection of Radioactive radiations in

electric and magnetic fields:

W.E - 7: The nucleus “*;oNe decays by p-
emission. Write down the [i-decay equation
and determine the maximum kinetic energy
of the electrons emitted. Given that:

m(iaNe) = 22.994466u; m(iiNa) = 22.989770u
Sol: {oNe = {iNa+e+v+Q

For p~ - decay, Q=[M(x) - M(y)]C’
=[22.994466-22.989770]931.5
=0.004696 x 931.5 = 4.37MeV

W.E - 8: How may a and p-particles are
emitted when uranium nucleus (52U*")
decay to g;Pb*" ?

Sol: Let n be the number of u-particles and
m be the number of p-particles emitted.

92U?*® o 2PB?" +noHe + m.,;e”.

As mass Is conserved, 238 = 214 +
4n+m(0)

=2144+4n;4n=24;n=6

As charge is conserved, 92=82+2n+m(-1)
10=2(6)m (+*n=6) ; m=2,

.. ba-particles and 2 fi-particles are emitted
Artificial Transmutation of elements: -

The conversion of one element into another
by artificial means is called artificial
transmutation of the elements, Rutherford
performed number of experiments in which
the atoms of different stable elements, such
as nitrogen, aluminum, phosphorus, etc.
were bombarded by high speed a - particles
from natural radioactive substances. Finally
in 1919, he discovered the phenomenon of
artificial transmission.

s o
| ]

The apparatus used by Rutherford is as
shown in the fig.

i. It consist of a chamber: A provided with
an adjustable rod, carrying a radio-activity
substance R(Radium C)

ii. The side of the glass tube facing 'R’ is
covered by metal plate with a central hole
which is closed by a thin silver foil 'F’.

lii. A screen 'S’ coated with a fluorescent
material like Zinc sulphide is arranged in
front of the silver foil and the scintillations
produced on it can be observed through the
microscope ‘M’.

iv. The side tubes B, B were used to fill
various gases in the chamber,

v. The source of a + particles, Ra was placed
on a small disc at R. Its distance from F was
adjustable.

vi. The radio-active substance emits «-
particle

vii. When the glass tube is filled with
nitrogen gas, scintillations are observed,
even when ‘R’ is at a distance of 40cm from
the foil.
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viii. These particles producing scintillations
can not be w-particle as they cannot have
such a long range.

ix. Rutherford concluded that nitrogen
nucleus hit by an a (;He") -particle
transmutes into oxygen nucleus along with a
proton (;He!).

x. The nuclear reaction causing artificial
transmutation can be represented as ;N'* +
sHe*— ;0' + 3H' thus an atom of nitrogen is
transformed into an isotope of oxygen. This
process is called transmutation of elements.

* High energy a - particles were used in the
discovery of artificial transmutation and
neutron because o-particle produce intense
ionization of the medium through which they
pass and can be stopped after travelling a
few mm in air,

Significance:

i) It leads to the discovery of proton and
neutron.

if) It helps to produce radio isotopes

ili) It helps to produce transuranic elements
RADIO ISOTOPES AND THEIR USES:
Radio isotopes have very short half lives and
hence used for various purpose.

1) Method application :

a) 13-&[1? + n.l'll ¥ 11“3“.4' zHEq

Radio - sodium is used to find out how a
given medicine is circulated in the body.
It is also used to find out circulatory
disorders in blood vessels.

b) 15P?! + 1H? 5 15P*" + H!

Radio - Phosphorus is wused in the
treatment of skin diseases. It is also used
for the treatment of blood disorders.

c) sal'¥

Ratio - iodine is used in the treatment of
thyroid glands. Ratio - iodine (1'*)is
used for diagnosis and treatment of brain
tumor and for the study of pumping
condition of heart.

d) 27C0*° +on'— 27C0"*" + y - rays.

Ratio-iodine is used in the detection and
treatment of cancer.

e) Radio - iron is used to detect anemia and
treat anemia.

2) In Geology:

a) Radio carbon(C'*) is used to determine
the age of fossils by radio - carbon dating

b) Radio isotopes are used to determine
the age of rocks by the ratio of U*'" to
Pb!&&

3) In Industry:

a) Ratio isotopes are used to find the
wear and tear of machine parts.

b]Hatm iSDtﬂl‘}ES are used to detect flaws
in metal structures

c)Radio isotopes are used for treatment of
alloys such as quenching , annealing and
hardening.

d) Radio isotopes are wused in the
selection of appropriate lubricants.

4) In research: Radio-isotopes are used in
the study of nuclear disintegrations of
elements,

+|:||I'|'l b 5]1123. + ¥ = rays
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