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NUCLEAR SIZE 

In 1919 Rutherford found that the deviation from pure coulomb‘s scattering, anomalous 

scattering was observable When ∝ particles were scattered by the lightest elements. In these light 

elements, the closest distance of approach was of the order of 5 × 115 m . The distance of closest 

approach at which anomalous scattering begins was identified as the first measure of nuclear radius .  

 It is evident from experiments that the nucleus is composed of proton and neutrons only 

known as nucleons. The shape of the nucleus is taken spherical, because for a given volume this shape 

possesses the least surface area and thus provides  the maximum short range binding force between 

the nucleons in the nucleus. Small asymmetries of the distribution of negative charge are  present in 

some nuclei as these nuclei exhibit high electric quadrupole moments . In most nuclei the ellipticity 

is only of the order of one percent ,  thus  we may suppose that protons are uniformly distributed 

inside the spherical nucleus. 

There is a experimental evidence that nuclear density P remains  approximately constant over 

most of the nucleus volume and then decreases rapidly to zero .  This means that the nuclear volume  

is  approximately proportional to the number of nucleons, i.e., mass number A.  

V=4/3 
𝟒

𝟑
𝝅𝑹3 ∝A     or nuclear radius     R∝A1/3    

R= R
0 A1/3 

Where R0  is the nuclear unit radius . Thus our purpose is to find R0.  

The methods of measuring nuclear radius are divided into two main categories. One group of 

method is based on the study of the range of nuclear forces, the nucleus is probed  by the a nucleon 

or  light nucleus. Other group of methods  studies  the electric field and charge distribution of the 

nucleus, the nucleus is probed  by electron or muon. 

 

NUCLEAR MASS 

In a nuclear physics we are concerned  with the mass of nucleus of but experimental 

determination with mass Spectrograph provide the atomic mass (M). The nuclear mass Mnucleus is 

obtained by subtracting mass of Z orbital electrons from the atomic mass. 

Mnucleus  =  M – Zme 

Where me is mass of an electron. This expression is not exact because it does not take into 

account the binding energies of electrons in the atom but the error involved in very small  because 

binding energy of electron is of the  order of few electron –Volts .  

The exact atomic number is determined by a small spectrometer which gives an accuracy of 

a few parts in 107. Now mass spectrograph are used to determine the isotopic masses of all  elements 

of periodic table. 

NUCLEAR CHARGE 
Charge of A nucleus is due to the proton contained in it. Proton has a positive charge of 1.6 × 10-19 C. 

The nuclear  Charge Ze where Z is the atomic number of the nucleus. The value of Z is know from X-ray 

scattering experiment, from the  nuclear scattering of ∝ particle and form the X-ray spectrum  

Spin angular momentum 

Both the proton and neutron, like the electron have an intrinsic  spin. The spin angular 

momentum is completed by L = √(l+1) h/2𝜋 where the quantum number l, commonly called the spin, 

is equal to 1/2. The spin angular momentum , then has a value L =√3/2. h𝜋/2 .  

 

 

 



 

 SEMI-EMPIRICAL MASS FORMULA 

 

Von-Weizsacker in 1935 expressed the atomic mass of nuclide in terms of a series of binding 

energy correction terms to the main mass combination from protons and neutrons. The expression is 

called semi-empirical mass formula or Wcizsacker mass formula. Accordingly the mass M of a 

neutral atom whose nucleons contains Z-protons and N-neutrons can be expressed as 

 

 

 

 

 

Where B binding energy B constitutes a series of terms, each representing some general 

characteristic of nuclide. 

i)Volume Energy 
  Nucleus is a sphere containing A nucleons and the nucleons are held together by the strong 

attracting forces, therefore reduction in mass of nucleus should be proportional to A. so the binding 

energy should be proportional to A. Since the volume of the nucleus is proportional to A, therefore 

this term is referred as volume energy and is denoted by Evol 

 

EVOL=-CvolA 

 

where Cvol is constant. This term is important for large A-nuclei 

ii)Surface Energy. 

In volume energy term it is assumed that all nucleons are surrounded by other 

nucleons; it will be true in the case of infinite nuclear matter. But in fact the nucleons on the 

surface of the nucleus will be attracted only nucleons on one side. Hence there is a positive surface 

energy term analogous to surface energy of a liquid droplet.  

This effect gives rise to surface tension in liquids. The surface energy of nucleus is 

proportional to surface area, which in turn is proportional to square of  radius, hence A2/3 . Thus 

surface energy term can be written as 

 

Esur=C surA
2/3 , where Csur is a constant. 

 

iii)Coulomb Energy. 
  In writing the volume energy term, the charge of nucleons was ignored. Actually a nucleus 

consists of Z-protons and (A —Z) neutrons. The protons experience Coulomb's repulsion, hence 

the binding energy will be less than that of a neutron.  

The energy due to Coulomb repulsion must be subtracted  from volume energy term. The 

Coulomb energy term will be equal to the electrostatic potential energy of Z-protons packed 

together In a spherically symmetric assembly of mean nuclear radius R = r0A l /3 . For a 

spherical volume of uniform charge density, the Coulomb energy is given by   Ecoul 
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AS R = ro A 1/3 , this term may be expressed as 

 

 Ecoul coul Z(Z- I)=C coul Z2A-1/3 /  A1/3(for large Z) 

 

 where C coul is a constant. 

 
 

iv)Asymmetry Energy.  

It has been observed that for light nuclei N = Z is most favoured stable system, while for 

heavy nuclei there is excess of neutrons over protons, i.e., N > Z. It has been found that whether (N 

— Z) increases or decreases, the nuclei are found to be less stable. 

 The difference in number of protons and number of neutrons in nuclei causes asymmetric 

configuration. Therefore a term in the binding energy signifying this asymmetric effect must be 

included. For a nucleus of mass number A, atomic number Z, the number of neutrons will be N= A 

—Z, 

 so excess of neutrons over protons is (N-Z). This causes decrease in binding energy because they are 

out of reach of other nucleons. The fraction of nuclear volume so affected is 
(𝑁−𝑍)

𝐴
  therefore the net 

decrease in binding energy is proportional to (N-Z) 
(𝑁−𝑍)

𝐴
 or 

(𝑁−𝑍)2

𝐴
 

Therefore the asymmetric binding energy term is expressed as 

 Easy=Casy 
(𝑁−𝑍)2

𝐴
= Casy 

(𝑁−2𝑍)2

𝐴
  (since N = A-Z ) 

Casy is   proportionality constant. 

v) Pairing Energy.  

It has been observed that the nuclei containing even number of protons and even number of 

neutrons, known as even-even nuclei are most stable, while those having odd number of protons and 

odd number of neutrons, known as odd-odd nuclei are least stable. The nuclei having even number 

of protons and odd number of neutrons and vice-versa, known as even-odd nuclei have intermediate 

degree of instability. 

 This effect is referred as pairing effect. This arises mainly from the fact that the nucleons 

tend to pair up (align with spins up and down) in order to get lowest energy-state. It is to be mentioned 

that the neutrons and protons occupy different energy states. Obviously this effect causes an increase 

in binding energy when both N and Z are even and decrease in binding energy when both N and Z 

are odd. 

The pairing energy term Epair may be expressed as 

 



 

 

STABILITY OF NUCLEI 

 
The studies of binding energies help to measure the stability of nuclei. The calculations are in 

general made for atoms rather than atomic nuclei. The reason is that the atomic masses can be 

accurately known from mass-spectrographic analysis. Thus while calculating mass defect the 

masses of electrons along with those of protons and neutrons are also considered.  

Such calculations have been performed for a large number of atoms in periodic table and the average 

binding energy per nucleon has been estimated. 

Fig represents the binding energy per nucleon plotted against mass number A. The noticeable 

features of the graph are : 

l. For lighter nuclides (A < 30), the curve shows periodicity with maxima occurring at mass 

numbers which are integral multiples of 4 and which contain equal number of Protons and 

neutrons. This suggests that higher nuclide have a tendency to group themselves into particle 

subgroups and that 2He4, 4Be8, 6C12, 8o16 etc. possess considerably greater energies than their 

neighbours. 
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 The nuclear binding energies per nucleon 

2. The binding energy per nucleon is relatively small for lighter elements, increases with mass 

number and attains maximum value = MeV per nucleon for moderate nuclei having mass number 

ranging from 40 to 120 and then decreases steadily for still more massive nuclei. 

3. The very light elements and the very heavy elements possess smaller binding energies per 

nucleon indicating that these elements are unstable. It is this fact that leads to the possibility of 

developing atomic energy by nuclear fusion (combination of lighter elements into a heavier one) or 

by nuclear fusion (splitting of a very heavy element into smaller fragments). 

 

NEUTRON SCATTERING AT LOW ENERGIES 

 

 

 

 

 

 

 



 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



DEUTRON 

 

 

 

 



 

MAGNETIC DIPOLE MOMENT OF DEUTRON 

 

 

 

 



 

 

 



 

 

 

 

 



 

 

 



 



 

K1  r0  = 
𝝅

𝟐
 + 

𝟐𝒌𝟐   𝒓𝟎

𝝅
 

From this equation  V0 r0
2 be calculated more exactly. V0 r0

2  
 is an important parameter in nuclear 

calculation, because this parameters enables to determine the shape and depth of nuclear for 

different kinds of interactions. 



MESON THEORY OF NUCLEAR FORCES 

 
In 1935, a Japanese Physicist H. Yukawa proposed a theory of nuclear forces, which is 

usually referred as meson-theory of nuclear forces. Yukawa proposed the existence of a new kind 

of field, now known as meson field, and pointed out that the nuclear forces arise due to continuous 

exchange of mesons (Yukawa particles) between the nucleons.  

Yukawa took the analogy from the quantum field theories of electromagnetic field in which 

the exchange of photon takes place and gravitational field in which the exchange of graviton is 

assumed. Both these field particles (photon and graviton) have zero rest mass; but the nuclear field 

particle has a finite rest mass. The reason for this is that the nuclear force is short-range force while 

the other two fields are not. The rest mass Mit of the field particle may be computed as follows 

When one nucleon exerts a force on the other, a meson is created. The creation of meson 

violates the conservation of energy by an amount AE, corresponding to meson rest mass  

. . .(1) 

C2 

The time for which meson can exist is determined by the uncertainty relation of wave mechanics 

given by  

 

 

 

 



After Yukawa's hypothesis a search for 𝜋-mesons was started. In 1945 Powell and his co 

workers discovered 𝜋-mesons in cosmic radiation, having mass 273 me. This is in excellent 

agreement with theoretical mass of 𝜋-mesons (= 270 me). The 𝜋 -mesons are of three kinds positive 

(𝜋 +), negative (𝜋 -) and neutral (𝜋▫); all have intrinsic spin I= 0. Their rest masses are 139•6, 139•6 

and 135•0 MeV respectively.  

The force field between two protons or two neutrons is carried by a neutral 𝜋 -meson, while 

that between a neutron and proton by a charged with the conversion of one nucleon into the other. 

The process is given below 

Exchange of Neutral Pion 

no → no +𝝅°  

 p +  𝝅o   p+ 

Exchange Charged Pion 

 

                 𝒑𝟐 + 𝝅  ⇄     n2 

                   P1
+    ⇄    n1 +  𝝅+  n2  +   𝝅+   ⇄     p

2 

In the first case the first nucleon (neutron n1) emits a negative pion that is absorbed by second 

nucleon (proton P2). In the exchange process n1 is converted into proton p1 while another proton p2 

is converted into a neutron n2. The process then goes in opposite direction Similarly in second case 

the exchange is through positive pion (𝜋+). 

 

Before the discovery of pion (𝜋-meson); the muon (u-meson) was discovered and taken for 

Yukawa particle. The spin of muon is 1/2 ; the exchange of half-spin particles violates the law of 

conservation of angular momentum; hence after discovery of pion, the pion was assumed to be a 

good Yukawa particle. 

 

According to Yukawa the pion exchange among nucleons gives rise to strong attractive force, 

now called the exchange force. The 𝜋-mesons are regarded as the quanta for the nuclear field. A 

nucleon is regarded as a source of field quanta and hence of meson-field. 

A nucleon is supposed to be surrounded by virtual photons. The nature of potential function of 

meson-field 

 

 

 

 

 



 

 

 

 



 

 

Equation (l l) is valid for a meson field in the absence of source term is analogous to Laplace's 

equation in electromagnetic field in the absence of charge density function. In the presence of charge 

density function p, the Poisson's equation V 2  = - 
𝜌

𝜖
  holds. If g 

represents the source strength analogous to charge density p in electromagnetic field, then equation 

(12) modifies to 

 

 

 

 

 



 

 

 

The meson potential will be 

V= g𝝋(𝒓) = −𝝀𝒈 
𝒆𝟐(−𝜷𝒓)

𝒓
 

This is the required Yukawa potential and shown graphically. 

 r(fermi) 

      V(r)         

 

In this simple meson theory of nuclear-forces, we have ignored a number of important factors. 

For example pion has negative intrinsic parity, therefore it cannot be transferred from a neutron to a 

proton on S-state (l = 0) and still conserve parity. To conserve angular momentum and parity both, 

the only possible state for the pion is P-state (l = 1). 

 

 

 



UNIT V 

ELEMENTARY PARTICLES 

INTRODUCTION 

The problems concerning the elementary particles are today the focus of interest and of 

research for the experimental as well as the theoretical physicists. Experimental investigations of 

elementary particles all involve some source of particles to study and some way of detecting those 

particles and measuring their behaviour.  

   Many of the practical problems of such investigations are caused by the fact that particles are 

unstable. The investigation of electromagnetic phenomena suggested that the atom had an internal 

structure. At that time the typical photo-type of the elementary particle was the electron. The 

problem of the dualistic nature of matter was resolved by the quantum theory of fields, the 

elementary particles are nothing but the quanta of a corresponding field. The study of elementary 

particles is the basis to the understanding of radiation phenomena, or one may regard any kind of 

radiation as a flux of elementary  particles. 

 
In 1932, when Chadwick identified the neutron and Heisenberg suggested that   atomic nuclei 

consisted of neutrons and protons, it seemed if. p, n and e were sufficient to account for the 

structure of matter. Besides these, there was the Photon, the intermediary or field particle for 

electromagnetic forces. 

Which exists between the nucleus and  electrons in thé atom. If anti-matter exists it would then 

be made up of anti-electrons, i.e. positrons, anti-protons an anti neutrons Thus we see that seven 

particles could explain both matter and anti-matter. In 1935, Yukawa postulated the existence of 

another particle with a mass m~200 me the field particle for the strong nuclear forces. 

  Recently the extensive studies made partly on high energy cosmic ray   particles and even 

more with the help of high energy accelerators have revealed the existence of numerous new 

nuclear particles. Apart from a dozen or so the particles have very short lifetimes, very much less 

than 10-6 sec. They cannot therefore be regarded as normal constituents of matter. They are 

characterised by the parameters, mass, spin, electric charge and magnetic moment.  

They have been described by such adjectives, as fundamental, strange and elementary, but 

none of these is quite appropriate. The word fundamental implies that the particles are the basic 

building blocks of matter, but un stability of most of the particles indicates that the great majority 

are certainly not. It is true that their behaviour was strange in the early 1950, but it is much less 

now. For the want of better one the term elementary particles is now commonly used. These 

particles are elementary in much the same sense as are chemical elements. 

 
According to the ancient Indian literature, the physical' world is composed of five bhutas 

basic elements); (i) Kshiti (earth), (ii) Ap (water), (iii) Taijas (fire), (iv) Vayu (air) and (v) Akasha 

(ether)  five elements theory of matter is based upon the fact that our senses are being affected by 

the bhutas in five different ways. These elements were not considered  as ordinary earth, water, fire, 

air and ether, but as basic principles. These may represent the solid, liquid, plasma, gaseous and 

field states of matter respectively. 

According to the recent studies, the fundamental constituents of matter are three generations of 

leptons and three generations of quarks. According to the quantum field theory, the forces between 

the fundmental constituents of matter arise due to the exchange of gauge bosons. The mediators of 

fundamental forces are graviton, photon, bosons (W+,W-, and Z°) and 8 coloured gluons (G). The 

gluons and quarks are not seen as free particles. 

 



 

CLASSIFICATION OF ELEMENTARY PARTICLES 

 

The elementary particles are separated into two general groups called bosons and fermions. 

These two groups have different types of spin and their behaviour is controlled respectively by a 

different kind of statistic (i.e. the Bose statistic or the Fermi statistic, hence the names). Bosons are 

particles with intrinsic angular momentum equal to an integral multiple of  h . 

 Fermions are all those particles in which the spin is half integral. The most important 

difference between the two classes of particles is that there is no conservation law controlling the 

total number of bosons in the Universe, whereas the total number of fermions strictly conserved.  

 

Boson is a term, which not only includes material particles but also includes those quanta and 

photons which arise from interactions. Thus in the case of the simple electromagnetic field the 

bosons are merely the light photons or the X-ray photons. The photon has a mass of zero and a spin 

of unity and is consequently described as a massless boson. A massless boson, called a graviton 

with a probable spin of two units has been postulated as a field particle for gravity.  

 

The weak nuclear interactions are mediated by heavy vector bosons (W+,W-, and Z) also called 

weak bosons. Each carries a spin of unity and mass of the order of 90 GeV. The strong interactions, 

are mediated by massless neutral gluons. Each carries a spin of unity. All these bosons are the 

quanta of gauge fields and are thus called the gauge bosons. 

 

 These bosons, created by the field interactions are essentially of one kinds, while  the bosons 

formed in the strong interaction are of two distinct kinds. First there are those which are known as 

pions or 𝜋-mesons (𝜋 , 𝜋 and 𝜋). The second group of bosons are much heavier than that of pions, 

and are known as kaons or K-mesons (K+, K-, KO  ) and η 0-meson. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 



Classification of Elementary Particles  

Elementary Particles 

 

                                          
 

                    Bosons                          Fermions 

     (Spin integral multiple)      (Spin half integral) 

            

             
                 hyperons   Hyperon   hyperon    hyperons  

 

The fermions fall in two main classes, according .to whether they are light or heavy. Those 

in the lighter group are often called leptons (after the Greek word meaning light in weight), while 

those in the heavier group are called baryons (after the Greek word for heavy). The leptons are the 

electron, muon, tau meson and respective neutrinos and their anti-particles. These are all with spin 

half and not made of quarks. Leptons with other particles.  

The total number of leptons minus the total number of anti-leptons remains unchanged fn all 

reactions and decay processes involving leptons and anti-leptons. The baryons consist of the two 

nucleons with their anti-particles (n°, n¯° ; p+, p-) and the hyperons. Hyperons are the extremely 

unstable somewhat heavier particles and can be divided into four sub-groups, 𝛬°-particle (a neutral  

particle of mass about 1116MeV/c2), the Σ-particles (Σ+, Σ▫ and Σ¯) with masses in the range 1189 

to 1197 MeV/c2), the Ξ-particles (Ξ¯ and Ξ° with masses 1321 and 1315 MeV/c2) and the Ω¯ particle 

(of mass about 1672 MeV/c2). There is no reason to doubt the existence of the anti-particles of these 

fermions.  

The total  number of baryons minus the total number of anti-baryons is absolutely conserved, 

in all interactions. The kaons and pions together with the baryons are placed into 

a group of strongly interacting particles, called hadrons, The quarks are the basic building blocks of 

hadrons. 
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Conservation of Hypercharge 
 

Like the electric charge, the additive quantum number the strangeness is conserved in the production 

process. The strange particles are produced in pairs but may decay weakly. Thus it is convenient to 

introduce a quantum number hypercharge denoted by Y, which is the sum of the baryon number B 

and strangeness S.  

It is convenient, since it treats baryons and mesons on an equal basis. Since the baryon number 

is always conserved, Y is a good quantum number conserved in strong interactions. Unlike the electric 

charge, the hypercharge does not conserve in weak interactions. 

 

Thus the charge-is-related with isospin, baryon number and strangeness as 

Q = T3+ 
𝟏

𝟐
 Y =  T3+ 

𝟏

𝟐
  B+ 

𝟏

 𝟐
  S 

 

This is called Gell-Mann-Nishijima relation. This tells us that in deciding whether strong interaction 

takes place we need to check only three out of four quantities Q, T3 B and S. 

For strange mesons, B = 0 and the above relation reduces to 

Q =   T3 + 
𝟏

 𝟐
  S 

Similarly for non-strange particles, S = 0 and we have 

Q =   T3 + 
𝟏

 𝟐
  B 

To cover a whole range of strongly interacting particles, the formalism has also been extended 

to mesons. Since all the hyperons have negative strangeness, they can be produced only in 

association with K-mesons of positive strangeness. On the assumption that strangeness is a 

conserved quantity in a reaction such as 

 

p+ + p+ → p+ + 𝜦° + K+ 

                                         0 + 0 → 0 + (-1 ) + sk 

 

It gives that the strangeness Sk = Similar argument gives strangeness S = I for neutral kaon. From 
the associated production reaction 
 

𝜋 + p→ 𝜦°+ K° 
S𝜋 + 0 =  -1 + 1 

 
It follows that S = 0. It also applies to  𝜋, 𝜋, 𝑎𝑛𝑑 𝜂,  mesons. Since for mesons the baryon number B 

= 0, hence strangeness S = hypercharge Y. 
 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 



 

 

The parity of the photon depends upon the mode of transition, it is due to the change of the 

sign of electromagnetic current j under the parity operation. The nucleons and electrons are assigned 

positive (or even) intrinsic parity. The pions have negative (or odd) parity as they involve in strong 

interactions with nucleons. K-mesons and η° meson have negative parity. 

 ⋋  ,Ξ, Σ, Ω hyperons have positive intrinsic parity. All anti-particles of spin ½ ( the fermions) 

are of opposite parity to  the corresponding particle, while the bosons and their anti-particles have the 

same parity. 

  The conservation of parity requires that the Hamiltonian of a free system commute with the 

parity operator.   

(PH-HP)=0 

 The  transition probability must be scalar, it may contain pesudoscalar operator(I.p). The 

conservation of parity prevents the mixing of even and odd operators in the amplitude. Thus for the 

non-conservation of  parity in 𝛽 decay, the transition probability must contain both scalar and 

pesudoscalar terms or the number of electrons emitted parallel and anti-parallel to the spin of the 

source should be different. 

The weak decay of the k mesons, which was difficult to reconcile with parity conservation 

and known as the 𝜏-𝜃 puzzle was explained by Lee andYang. They suggested that the weak 

interactions was not invariant to space reflection. In 1956, Wu and others, using polarized 60Co nuclei, 

found that the direction of emission of electron in the transformation to 60Ni was preferentially 

opposite  to the spin direction. The value of the pesudoscalar I.p, where I is the nuclear spin and p the 

electron momentum, was measured and found to be different from 0. 

 

INVARIANCE UNDER TIME REVEALS 

  Time Reversal: The time reversal operator is defined as that operator which 

reverses the direction of time, or the direction of all motions. Under this operation displacement, 

acceleration and electric fields remain invariant but momenta, angular momenta and magnetic fields 

invert their signs. If the-time reversed process is impossible to occur in nature we can say that the 

process violates time, reversal symmetry. Time reversal changes the direction of flow of time, like 

running the movie of a phenomenon backwards. The result is usually strange. 

 

       Mirror                                          c,               cp,  

 

e 



 

   Time reversal invariance finds its simplest application in the world of particles,     where it 

appears to govern the strong and electromagnetic interactions and possibly also the weak. It also 

shows that a particle possessing time reversal symmetry cannot have electric and magnetic dipole 

moments simultaneously. The time reversal process is the creation of an electron-positron pair by the 

collision of two photons. 

 

 

 
Time reversal invariance is satisfied in quantum mechanics if the Hamiltonian H is time 

independent and real. In this case ᴪ ⃰(x, -t) is the time reversal wave function of v(x, t). Thus time 

reversal operation 

Tᴪ (x, t) = ᴪ ⃰(x, -t)   

 where the asterisk indicates the complex conjugate. 

The motion of a particle in an external fixed magnetic field is not invariant under inversion of time 

The relativistic treatment of time reversal shows that the inversion of time axis inverts the sign of 



the electrostatic potential. The 𝜋° - mesonic field, like the magnetostatic potential, is odd under time 

reversal in order to ensure that the interaction is time reversible. 

Combined Inversion of CPT 

 
The reflection symmetries are correlatd by the CPT theorem of G. Lüders and W. Pauli, 

sometimes known as Luders-Pauli theorem. This theorem states that the Lorentz  invariant field 

theory is necessarily invariant to the combined operations of particle, anti-particle interchange(charge 

conjugation C), reflection of the coordinate system through the origin (parity, P) and reversal of time 

T. In other words CPT operator commutes with the Hamiltonian. The strong and the electromagnetic 

interactions are invariant under the separate operations of C, P and T. The weak interaction does not 

conserve parity and also is not invariant under charge conjugation. 

 

  All the interactions are invariant under the combined strong reflection CPT,  irrespective of 

the order of the operations an so forth (TCP,TPC). No example of a violation of the CPT theorem is 

known. If follows that if T invariance is satisfied for all interactions, then these interactions will also 

be invariant under the combined operation of CP.  

 

The existence of a violating interactions means that the analysis is not quite accurate. The 

other well known consequencs of CPT invariance are : 

 

i)The equality of particle-antiparticle masses 

(ii) equality of lifetimes of unstable particle and its antiparticle,  

(iii) the magnetic moments of particle and antiparticle are equal and opposite.  

 

The discovery of CP violations in 1964 in the system of neutral K-mesons reopened the question 

of CPT variance. Now observations show that at least 90% of the observed CP violation is 

compensated by a violation of time-reversal invariance. The less than 10% of the observed CP 

violation may be due to the violation of CPT This system suggests that further experimental work is 

required to test the validity of the CPT theorem. 

The quantities conserved have the quantum numbers, which behave in two different ways, when 

one considers a system formed by the combination of two other systems. The quantum numbers, such 

as angular momentum, isospin, strangeness, baryon number, lepton number, electric charge are called 

additive. On the other hand, quantum numbers, such as parity, invariance under charge conjugation, 

invariance under time reversal are called multiplicative. 
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