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ATOMIC NUCLEUS 

“The central part of an atom which has most of its 

mass, is called nucleus” 

It contains protons and neutrons called as nucleons. 

 

NUCLEONS 

“The particles present in the nucleus of an atom are 

called nucleons.” 

 

OR 

 

“Protons and neutrons present inside the nucleus are 

collectively called nucleons.” 

 

PROTON: 

1. Protons are positively charged particles. 

2. The magnitude of charge on a proton is 1.6 ×

10−19C 

3. The mass of a proton is 1.6724 × 10−27 kg or 

1.0078 u. 

4. The mass of proton is 1836 times greater than the 

mass of electron. 

5. Number of protons in a nucleus is equal to the 

no. of electrons outside the nucleus. 

 

NEUTRON: 

1. Neutrons are neutral particles. 

2. The mass of a neutron is 1.6748 × 10−27 kg or 

1.0086 u. 

3. The mass of neutron is 1842 times greater than 

the mass of electron. 

4. In lighter elements, the no. of neutrons is usually 

equal to the no. of protons but in heavier 

elements the no. of neutrons is greater than the 

no. of protons. 

 

Representation: 

The name of an atomic nucleus is given as 

XZ
A 

Z + N = A 

Where, 

A = Mass number, 

Z = Atomic number, 

N = number of neutrons 

ISOTOPES 

Nuclei of same element having same atomic number 

but different mass number due to different number of 

neutrons are called isotopes. 

Example: H1
1 , H1

2, H3
1  

 

RADIOACTIVITY 

“The process of emission of nuclear radiation from a 

nucleus of an atom is called radioactivity” 

 

It was found that atoms having atomic number 

greater than 82 are unstable and to get stability they 

emit radiations. 

 

NUCLEAR RADIATIONS 

“A radioactive nucleus releases its extra energy in 

the form of certain particles and rays which are 

collectively called nuclear radiations.” 

 

TYPES OF NUCLEAR RADIATIONS 

There are three types of nuclear radiations 

𝛂-PARTICLES: 

An α particle is the helium ( He4
2 ) nucleus with two 

unit positive charge. 

1) The mass of an α – particle is four times that of 

proton. 

2) It has positive charge equal to twice the charge of 

electron. 

3) It has the greatest ionization power due to its charge 

and size. 

4) The penetration power is low as compared to beta 

and gamma radiations. 

𝛃-PARTICLES: 

β particles are the fast moving electrons emitted from 

the nucleus of an atom has a unit negative or positive 

charge. 

1) Their speed is much greater than the speed of α – 

particle. 

2) The ionization power of β-particle is much less than 

α – particle. 

3) They are highly penetrating particles. 
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4) The mass and charge of α – particles are equal to that 

of electron. 

𝛄-PARTICLES: 

γ – particles are the electromagnetic waves of high 

frequency and high energy emitting from the nucleus 

of an atom. 

1) Their penetration power is the greatest. 

2) Their speed is equal to the speed of light. 

3) They emit electron from metals. 

4) γ – ray photon can produce pair production. 

 

EFFECT OF EMISSION OF NUCLEAR 

RADIATIONS 

• When α − particles is emitted from nucleus then its 

mass number is reduced by four unit and charge by 

two units. 

XA
Z − − − −−→  YZ−2

A−4 + He4
2  

• When positive β emits from nucleus then a proton is 

converted into neutron therefore charge number 

decreases by one unit but mass number remains 

same. 

XA
Z − − − −−→  YA + β+

Z−1  

• When negative β emits from a nucleus than a neutron 

is converted into proton therefore its charge number 

increases one unit and mass number remains same. 

XA
Z − − − −−→  YZ+1

A + β− 

• When a nucleus is in excited state, it emits its 

excitation energy in the form of γ − ray. Therefore, 

it mass number and charge number remains same. 

[ XA
Z ]

∗
− − − −−→ XZ

A 

 

LAW OF RADIACTIVE DECAY 

“Rate of decay of radioactive nuclei is directly 

proportional to the number of parent nuclei and time 

elapsed.” 

Mathematically: 

If ‘N’ is the number of parent nuclei at any time ‘t’ 

and ‘∆N/∆t’ represents the rate of decay (also called 

activity or radioactivity denoted by A) then 

according to the law, 

∆N ∝ −N 

∆N ∝ ∆t 

Combining both, we get, 

∆N ∝ −N∆t 

Where negative sign shows that parent nuclei 

decrease with the time hence, 

∆N = −λN∆t 
∆N

∆t
= −λN 

Here, λ is a constant which is called decay constant. 

This law can also be written as, 

N = Noe−λt − − − (1) 

Where,  

No = initial number of parent nuclei 

N = remaining parent nuclei 

λ = decay constant 

t = time 

HALF LIFE 

“The time after which half of the nuclei undergo 

decay process is called half-life.” 

Mathematically: 

T1/2 =
0.693

λ
 

Unit: Its S.I. unit is second. 

 

Proof: 

According to law of radioactive decay 

N = Noe−λt 

As ∆t approaches to T1/2, 

N =
1

2
N0 

Hence the above equation can be written as, 

1

2
𝑁0 = 𝑁0𝑒−𝜆𝑇1/2 

1

2
= 𝑒−𝜆𝑇1/2  

1

𝑒−𝜆𝑇1/2
= 2 

𝑒𝜆𝑇1/2 = 2 

Taking ‘ln’ on both sides, 

𝑙𝑛𝑒𝜆𝑇1/2 = 𝑙𝑛2 

𝜆𝑇1/2 = 0.693 

𝑇1/2 =
0.693

𝜆
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MASS DEFECT 

“The mass of a compound nucleus is always less than 

the mass of its nucleon. This difference in masses is 

called mass defect.” 

 

BINDING ENERGY 

When a compound nucleus is formed than it requires 

energy for its formation which is obtained from each 

nucleon, from its rest mass energy i.e. mass, hence is 

a mass difference that is converted into energy, 

which is according to Einstein’s equation is given by, 

E = mc2 

To break a nucleus into its nucleons same amount of 

energy is required which is called binding energy. 

 

Mathematically, 

B. E = [(Zmp + Nmn) − (Mnucleus)] × 931.5 MeV/u 

PACKING FRACTION 

“It is the binding energy per nucleon” 

Mathematically, 

Packing fraction =
Binding Energy

Mass number
 

 

NUCLEAR FISSION 

“The process of splitting a heavy nucleus into lighter 

nuclei with the release of energy is called nuclear 

fission” 

 

 

Explanation: 

When a heavy nucleus like uranium (U235) is 

bombarded by slow neutron than it splits into two 

fragments (lighter nuclei) with the release of few 

neutrons and energy. In a heavy nucleus like uranium 

there are two forces one is coulomb repulsive force 

and other is attractive strong nuclear force. Incident 

neutron produces disturbance and oscillation within 

the nucleus. If nuclear force dominates then it 

releases its extra energy in the form of nuclear 

radiation and if the coulomb repulsive force 

dominates then it breaks into two light nuclei. 

A typical nuclear fission is U235 can be written as, 
 

n1
o + U235

92 → [ U236
92 ]

∗
→ Ba144

54 + Kr89
36 + 3 n1

o + Q 

 

In a single fission event averagely three neutrons are 

emitted which further produce fission process 

therefore fission events increase in the form of chain 

and this process is called chain reaction. 

The energy released in the fission process is due to 

the conversion of mass defect between the mass of 

the heavy nucleus and the resulting fragments into 

energy. 

 

Controlled Chain Reaction 

The chain reaction is a self-sustaining reaction. If 

such a reaction is allowed to proceed rapidly it would 

lead to a huge explosion because of unchecked 

release of energy. The uncontrolled chain reaction 

may be checked if some device is used to absorb 

some of the neutrons produced in fissions. A suitable 

device is the use of some material as a moderator to 

slow down the reaction. Commonly used materials as 

good moderation are graphite and cadmium. Which 

may keep the chain reaction well below the self-

sustaining level. Moderators are used in the form 

numerous rods inserted into the reaction chamber. 

 

NUCLEAR FUSION 

“The process of combining two lighter nuclei in the 

form of a heavy nucleus, with release of energy is 

called fusion” 

 

H1
2 + H1

2 − − − −→ H2 e3 + n1
0 + Q 

 

Explanation: 

When two nuclei brought closer to each other to fuse 

them then large coulomb repulsive force between the 

protons of two nuclei is felt. To overcome this huge 
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repulsive force large amount of energy is required. 

At very high temperature (T ≈ 108 K) lighter nuclei 

like hydrogen fuse into each other to produce fusion 

process. In a fusion process some mass of combining 

nuclei is converted into energy. 

 

Fusion process is difficult to produce on earth. In the 

sun and the stars, the source of energy is fusion 

process 

 

Q. Do α, β and γ comes from the same element. 

Why do we find all three in many radioactive 

samples? 

A radioactive element either emits α-particles or β-

particles, but never both. Gamma radiations 

generally accompany β-emission and in same with α-

emission. A radioactive element (or sample) is a 

mixture of various of various nuclides of different 

relative abundances and with different modes of 

disintegration. Hence, we can find all the three 

activities in a radioactive sample at the same time. 

For example, Ra-226 an α-emitter, but Ra225 is a β-

emitter. 

 

Q. It is more difficult to start a fusion reaction 

than fission. Why? 

Fission is caused by capture of neutrons by heavy 

nuclei. Neutron, being electrically neutral, is highly 

penetrating particle for nuclei. But in fusion of two 

light nuclei, the positively charged nuclei are 

repelled by the coulomb repulsive force. So, work 

has to be done against the repulsive forces of the two 

nuclei. 

 


