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UNIT-3 

Nuclear Physics 

Introduction 

All atomic nuclei are made up of elementary particles called protons and neutrons. 
A proton has a positive charge of the same magnitude as that of an electron. A 
neutron is electrically neutral. The total number of protons and total number of 
neutrons in a nucleus gives the total number of nucleons. 

The mass number of a nucleus is given as A= Z + N 

Where Z=Atomic number of the element=Number of protons 

N= Number of neutrons 

Atomic masses are expressed in atomic mass units (u) defined as that the mass of a 

6C12 atom is exactly 12u. The value of atomic mass unit is 

1 u= 1.66054 x 10-27 Kg. 

As we know that the matter can be converted into the energy. The energy mass 
equivalence is given by famous relation E=mc2 

Thus the energy equivalent of one atomic unit= 931.49 MeV. 

Classification of nuclei 

Nuclei of different elements are classified as: 

Isotopes are nuclei with the same atomic number Z but different atomic mass A 
i.e. the isotopes have the same number of protons with the different neutron 
number. The nuclei 8O15, 8O16, are isotopes of oxygen.  

Isobars are nuclei with the same mass number A but different atomic number Z. 
The 8O16 and 7N16 are example of isobars. 

Isotones are nuclei with an equal number of neutrons (N). For example 6C14, 7N15 
and 8O16 in all three the number of neutrons N=8 
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Static Properties of nuclei 

1. Nuclear size The volume of a nucleus is directly proportional to its mass 
number (A), i.e. Volume α A. if radius of nucleus is R, then ∝  

Or  ∝  

 = � ⁄ ⁄  Where C is proportionality constant 

Let � ⁄ =  then =  ⁄  

The value of  for mass distribution is 1.4 fm 
While for charge distribution it is 1.2 fm 

2. Nuclear mass As we know that the mass of nucleus  can be written as A=Zmp 
+ Nmn, where mp and mn represents the mass of proton and mass of neutron 
respectively. 
However the measurement shows that measured mass< Zmp + Nmn 

The difference in masses 
Zmp + Nmn –measured mass=Δm 
 This Δm is called mass defect. 

3. Nuclear density  The nuclear density � can be calculated as 

� =    =  ×    
 

=  ×
 

Or  

� =  
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The nuclear density is independent of mass number. The value of nuclear 
density 
 

� = × . × − 7× . × . × −  = . × 7 /  
4. Nuclear charge The charge of nucleus is due to the protons contained in it. 

Each proton has a positive charge of 1.6 X 10-19C. Therefore the nuclear charge 
is Ze, where Z is number of protons and e the magnitude of charge on one 
proton. 

5. Spin and magnetic moment Protons and neutrons are fermions like electrons 
with the spin quantum number s=1/2 
Therefore the spin angular momentum 

 = √ + ℏ = √ + ℏ = √ ℏ 

Nuclear models 

To understand the structure of nucleus various model have been proposed, not a 
single model is capable of explaining all the nuclear phenomenon’s. 

Nuclear liquid drop model This model was proposed by Bohr. He pointed out the 
similarities between a liquid drop and a nucleus. The similarities pointed out are 

i. In the stable state, the nucleus is in shape due to nuclear forces, just like a 
liquid drop is spherical due to surface tension forces. 

ii.  As the force at the surface of liquid drop prevents the escape of liquid 
molecules, nucleons experience a barrier at the surface of a nucleus. 

iii.  Density of nucleus is independent of its volume just like liquid drop 
density is independent of its volume 

iv. When the energy is given to the liquid drop the molecules of liquid drop 
escapes from its surface by evaporation, similarly when the energy is 
given to the nucleus, radiations are elementary particles are emitted from 
nucleus. 

v. Nuclear forces are short range forces, just like intermolecular forces on 
liquid drop 
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vi. When the oscillations are setup in a liquid drop then it divides into two 
drops, similarly when the nucleus is bombarded with the neutrons then 
the nucleus disintegrates into two nuclei of lighter masses. 

Semi-empirical mass formula 

As we know that the measured mass of a nucleus is less than its actual mass, this 
difference between two is called as mass defect. It is given as 

ZMA=ZMp + (A-Z) MN –Δm 

The amount of mass defect appears in the form of binding energy of a nucleus. The 
equation above in terms of binding energy can be expressed as 

ZMA=ZMp + (A-Z) MN –EB/c2, where EB is the binding energy of a nucleus. The 
semi-empirical mass formula expresses the various contributing terms to the 
binding energy of a nucleus. The various terms contributing to the binding energy 
are 

a. Volume binding energy The short range attractive forces between neutrons 
and protons reduces the mass of a nucleus and make it less than total mass of 
its nucleons. As volume of nucleus is proportional to the number of nucleons 
A. hence the contribution of this term is regarded as volume binding energy 
and is given by � =   where  is proportionality constant. 

b. Surface binding energy Since nucleus is finite; some nucleons are nearer to 
the surface so that they interact with few nucleons. Thus binding energy is 
reduced. This reduction in binding energy is proportional to the number of 

nucleons on the surface. If R is radius of the nucleus then =  ⁄  
where R0 is constant. Since the surface area of a nucleus is proportional to R2 
it must be proportional to then term surface binding energy must be 

proportional to R2/3 or � = ⁄  where  is constant. 
c. Coulomb energy The force of coulomb repulsion is proportional to the 

number of protons i.e. Atomic number Z. Hence the repulsion will reduce 
the binding energy of nucleus. The charge density of nucleus will be = � = �  
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Let dq be the charge on the shell of thickness dr on the sphere of radius r = ×  
 By using the value of  we get 
 = � × = �  ×  

Therefore the work done in bringing the charge dq from infinity to r = ×�  

Total reduction (Ec) in the binding energy will be equal to the total work 
done i.e. integrating above between limits 0 to R � = � � × ∫�

 

 � = − � � × [ ]�
 

� = − � � × �
 

Or  � = − � � × � ⁄
 

 � = − � � ⁄  

 � = − ⁄  

d. Asymmetry Energy In the most abundant isotopes of the light nuclei the 
number of protons is equal to the number of neutrons i.e. N-Z=0. As (Z+N) 
increases nuclear forces do not increase much but repulsion force increases 
with the increase in atomic number. The contribution of the asymmetry 
energy to the binding energy is given by 
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 � = − −
 

e. Pairing energy The nuclides with the even numbers of protons and neutrons 
are the most abundant and most stable. Nuclei with the odd numbers of 
neutrons and protons are least stable, while nuclei for which proton or 
neutron number is odd are intermediate in stability. The contribution of this 
term to binding energy is given by following 
For A even Z even, N even 
 � = ⁄  

For A even Z odd, N odd 
 � = − ⁄  

f. Magicity Energy The nucleus having their proton or neuron numbers equal 
to one of these numbers 2, 8, 20, 28, 50, 82 and 126 are particularly very 
stable. These numbers are called as magic number. The contribution of 
Magicity number to the binding energy is given by 
     �� =   

 Collecting all the terms and adding their contribution to the binding energy 
the binding energy of nucleus is given as � = − + / + − / + − − ± − ⁄  

The magicity term is not included into above it is added only at magic 
numbers to avoid discontinuities in the binding energy curve 

Nuclear Shell Model 

As per the vector atom model of atom we know that electrons in an atom are 
grouped in shells or sub shells and atoms with 2, 10, 18, 36, 54 and 86 electrons 
have their shells completely filled. Such atoms are chemically inert. A similar 
situation exists with nuclei also. According to this model nuclei having 2, 8, 20, 28, 
50, 82 and 126 nucleons are more stable than nuclei with other nucleon numbers. 
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These numbers are called as magic numbers. In the shell model it is assumed that 
every nucleon moves independently of the others in an average force field 
produced by all other nucleons.  The observations in favor of shell model  are 

i. Helium (Z=2) and oxygen (Z=8) are particularly stable 

ii.  Calcium (Z=20) and tin (Z=50) have larger number of stable isotopes than 
any other element. 

iii.  The three main radioactive series ends to 82Pb208 with Z=82 and N=126, 
which are the magic numbers thus 82Pb208 is most stable isotope 

iv. It has been found that nuclei having a number of neutrons equal to the magic 
number cannot capture a neutron because the shells are closed and they 
cannot contain an extra neutron 

v. The binding energy curve has small peaks (showing extra stability) for the 
following nuclei 

28Ni62, 38Sr88, 50Sn120
, 58Ce140 82Pb208 it is seen that for these nuclei either Z 

(number of protons) or A-Z (number of neutron) is a magic number 
vi. The electric quadruple moment (a measure of departure of nuclear charge 

distribution from sphericity) of magic number nuclei are very low (nearly 
zero) compared with those of other nuclei. This means that these nuclei have 
almost spherical charge distribution which is expected from the stable 
nuclei. 

In the shell model it is assumed that every nucleon moves independently of others 
in an average field produced by rest nucleons. For nucleons the allowed energy 
values is a set of discrete numbers n= 1, 2, 3… characterized as principal quantum 
number. The orbital angular momentum is also quantized and can have values l=0, 
1, 2, 3… denoted as s, p, d, f. each energy state is called as shell, the closed shells 
are obtained for numbers 2, 8 and 20 which are magic numbers, for the magic 
numbers 50, 82 and 126 it is assumed that there is strong interaction between 
orbital angular momentum L and spin angular momentum S. This results in the 
closed shells for 50, 82 and 126, thus all magic numbers are obtained. 

The shell structure applies for proton and neutrons both. 

Particle accelerators: The accelerators use some sort of regenerative actions to 
accelerate the charged particles to very high energies. These regenerative actions 
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include the repetitive movements of charged particles in the electric or magnetic 
field or both.  

Linear Accelerator (LINAC):  In a linear particle accelerator particle travels in 
evacuated tubes and accelerated in the gap between the tubes under the influence 
of alternating electric field. 

Principle and working: The construction of a linear particle accelerator is shown 
in the figure below 

 

 

  

 
 
 

 

The linear particle accelerator consists of cylindrical evacuated metallic tubes of 
increasing length. These tubes are connected with a radio frequency (200 MHz) 
alternating potential.  

When the positive ion from ion source ‘A’ enters tube it moves with the constant 
velocity as there is no electric field inside the tube. As the ion enters between the 
gaps between two tubes the potential at the next tube becomes negative with 
respect to the previous tube, thus the positive ion gets accelerated in the gap 
between tubes. And the process is repeated with the increasing length of tubes. 

Let the charge of positive ion is ‘q’ and its mass is ‘m’, while the drift potential at 
tube 1 is ‘V’. The velocity ‘v1’ of ion when reaching to tube 1 will be = � 

Or = √ �
 

1 2 3 4 

- + + - 

RF 
GENERATOR 

A 
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The length of tube 1 is adjusted such that the potential at tube 1 becomes positive 
and the potential at tube 2 becomes negative as soon the ion comes out of the tube 
1. Now positive ion is accelerated in the gap in between and the velocity of 
positive ion v2 while reaching tube 2 will be 

 = � 

 
Or = √ √ �

 

 = √  

This shows that  is √  times . As the velocity of ion is higher when it is 
reaching tube 2, the length of tube 2 is adjusted so that the time taken by ion to 

travel the tube must remain the same. Therefore the length of tube 2 must be √  
times the length of tube 1. The successive proportions of the length of tubes must 

be 1,√ , √  etc. : : = : √ : √  

Where , ,  are the lengths of tube1, tube 2, tube 3 

Energy of the ion: The maximum energy gained by the ion is directly proportional 
to the number of tubes in the accelerator. The velocity of the ion after emerging out 

of the �ℎ tube will be = √ √ �
 

And the kinetic energy will be = � 

Thus the maximum energy acquired depends upon the 

1. Total number of tubes 
2. The energy gained in between the tubes 
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Limitations of LINAC The limitations of linear particle accelerator are as follows: 

1. For large values of energy the length of LINAC becomes inconveniently 
large and it gets very difficult to maintain the vacuum in large LINAC 

2. The energized ions are available in the form of short pulses because ions 
need to be injected at an appropriate interval. 

Cyclotron 

A cyclotron is used to accelerate the positively charged particles to very high 
energies.Construction:  The schematic of a cyclotron is shown in the figure 
below. It consists of cylindrical cavity divided into two halves named as Dees. This 
cylindrical cavity is placed in a uniform magnetic field parallel to its axis. The 
cavities are electrically insulated from each other. An ion source is placed near the 
midpoint of the gap between the Dees. An alternating potential difference of the 
order of 104 is applied between the Dees. 

 

 

 

 

 

 

 

 

 

Principle of working:  When an ion of mass ‘m’ and charge ‘+q’ enters inside a 
Dee at negative potential, it experiences on electrical field inside the hollow Dee. 
However under the influence of magnetic field ion describes a circular path with 
the constant velocity ‘v’ and radius ‘r’. The centripetal force experienced by the 
ion will be equal to the Lorentz force exerted by the magnetic field i.e. 
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=  

Where B is the intensity of magnetic field. 

Or  =  

The angular velocity of the ion will be � = =  

Time taken by the ion to travel the semicircular path will be = � =  

The potential difference between the Dees oscillate with a frequency equal to �. In 
this way the potential difference between the Dees is in resonance with the circular 
motion of the ions. When the ion completes the half revolution the polarity of Dees 
is reversed. Therefore ion gets accelerated in the gap between the Dees. The next 
half circle described by ion will have larger radius but with the same angular 
velocity (both ‘v’ and ‘r’ increased). The process is repeated until the value of ‘r’ 
reaches the radius R of Dees. At this point the magnetic field is decreased sharply 
so that the ion moves tangentially and emerges out through the opening of the Dee. 

Energy of the ion: Let ��is the radius of the outermost orbit described by the 
ion with the velocity ��. Then by equating the centripetal force with the Lorentz 
force we get 

���� = �� 

Or 

�� = ��
 

The maximum energy of the ion = �� = �2 2 ���2
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Frequency of the oscillator 

Time taken by the ion to travel the semicircular path = Half of the time period of 
oscillation of applied voltage 

 =  

Or =  

Therefore the frequency of the applied voltage should be =  

Hence the energy of the ion is  = ��  

The particles are ejected out of cyclotron in pulsed form. 

Limitations of cyclotron 

A cyclotron can’t accelerate the particles to velocities of the order of the velocity 
of light c. As the energy increases, the velocity of the particle also increases 
resulting in a change of mass according to the special theory of relativity = √ −  

Where  is the dynamic mass and  is rest mass of the particle. When the energy 
is very large, the change in the mass is sufficient to change the cyclotron frequency 
of the particle appreciably. As a result the orbit of the particle will not be in phase 
with the oscillating potential and no further acceleration is produced. 
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The Synchrocyclotron: In cyclotron as the velocity of electron increases and 
reaches to relativistic velocities, its mass changes appreciably and results in 
increased time of revolution. At relativistic velocities time taken to describe 

circular path will be given by = �� 0√ −�2�2. This shows that the time of revolution 

increases and particle no longer remains in phase with the applied voltage. To keep 
the frequency of alternating potential in phase with the electron orbit the frequency 

of applied potential is decreased by a factor √ − �22 after each revolution. 

The frequency of the applied alternating potential is modulated by a factor √ − �22 

i.e. 

= √ −  

Construction: The construction of synchrocyclotron is shown in figure below. 
This consists of one Dee instead of two Dees in cyclotron. The single Dee is 
enclosed in a ground sheath. The high frequency generator is connected between 
single Dee and grounded sheath. The frequency of high frequency generator is 
modulated with a low frequency of 120 MHz. The Dee is kept in between the poles 
of huge magnet. 

 

.  

The Betatron: The betatron is a particle accelerating machine used to accelerate 
electrons to very high energies. Unlike the cyclotron in which the radius of orbiting 
electron continuously increases, in betatron the electron moves in an orbit of stable 
radius. The orbit radius is kept fixed by changing the magnetic field in an 
appropriate manner. 

Construction: The betatron consists of a doughnut-shaped vacuum chamber 
placed between the pole pieces of an electromagnet. The electromagnet is 
energized by an alternating current. The magnet produces a strong magnetic field 
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in the doughnut. The electrons are produced by the electron gun and are allowed to 
move in a circular orbit of constant radius in the vacuum chamber (fig.  a). 

 

 

 

  

 

 

 

Theory: Consider an electron orbiting in an orbit of radius r in a magnetic field 
having an instantaneous flux density B at the position of orbit. Since the flux 
density is made to change in a betatron, the flux (�) through the orbit will change 

at a rate 
��  and will consequently introduce an induced emf of magnitude 

��  

The work done on electron in a revolution will be 

                                                              = − �  1 

The work done on electron can also be expressed as the tangential force F acting 
on the electron times the circumference of the orbit i.e. 

. = − �
 

                                                              = − � �  2 

The tangential force F can also be calculated as the rate of change of momentum. 
The momentum of electron can be calculated from following 

=  

Stable Orbit 

Fig: a 
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Or  =  

Therefore momentum of electron will be = =  

And force 

 

                                              = � = �  3 

On comparing equations 2 and 3 = − �
 

Or  = �
 � =  

Integrating the equation above ∫ �� = ∫  � =  

This condition is called as betatron condition. 

The Synchrotrons: As electrons can’t be accelerated by cyclotrons, due to 
increase in their mass at higher velocities. This problem is removed in the by 
modulating the frequency of alternating potential for phase stable orbit such 
cyclotrons are called as synchrocyclotron. But this technique is limited due to 
demand of excessive modulation of radio frequency at higher energies. 
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In synchrotrons the synchronization between the particle orbit and alternating 
potential is achieved by suitable increase in the magnetic induction. Synchrotrons 
are classified as 

1. Electron synchrotron and 
2. Proton synchrotron 

Electron Synchrotron 

The electron synchrotron is based on the principle of combined the combined 
working of betatron and cyclotron. Electrons are injected into an orbit of fixed 
radius at an initial energy about 50-80 KeV. The main accelerating tube, the torus, 
is made of glass or some plastic with a circular “Dee” made of a metal. 

 

 

 

 

 

 

 

 

 

 

An alternating potential is applied to Dee and a varying magnetic field is applied 
perpendicular to the torus. The radius of orbit is kept constant by increasing the 
magnetic field as in betatron. The energy is given in increments at the beginning 
and ending of the Dee. 

Proton Synchrotron 

Torus 

Downloaded from  be.rgpvnotes.in

Page no: 16 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


The proton synchrotron has been designed to provide protons of very high energy 
of the order of the billion electron volts. 

Protons are injected at high energy by a linear accelerator magnetic field. The 
protons are made to circle under the influence of magnetic field and are accelerated 
once in each revolution when they pass between the accelerating electrodes 
connected to and RF oscillator. 

 

 

 

 

 

 

 

 

 

 

 

 

Simultaneous  control on variation of field strength and frequency of RF oscillator 
is maintained in such a way that protons travel in a constant orbit and arrive at the 
electrodes when the applied RF voltage of high frequency generator is in phase of 
acceleration. The frequency of generator in practice is increased in steps with the 
increase in speed of protons 

Geiger Muller (GM) Counter: The Geiger Muller counter is most common and 
versatile charged particle detector. It is modified form of cathode ray tube. 
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Construction: It consists of a rugged metal case enclosed in thin tube. The hollow 
metal case acts as cathode. A fine tungsten wire is stretched along the axis of tube 
and insulated from it by ebonite plugs. This thin wire acts as anode. The tube is 
evacuated and then partially filled with the mixture of 90% argon at 10 cm 
pressure and 10% ethyl alcohol at 1 cm pressure. The fine tungsten wire is 
connected to the positive terminal of a high tension battery (about 1000 to 3000 
volts) through a high resistance R (about 100 mega ohms) and negative terminal is 
connected to metal tube. The value of D.C. voltage is kept little less than the value 
causing electrical discharge between electrodes. At the one end of tube mica 
window is arranged to allow the entry of radiation into the tube. 

Principle and working: When an ionized radiation enters in the metal tube 
through mica window, it produces ionization in the tube. As the applied potential 
difference is high these ions produces secondary ions causing avalanche effect. 
The energy associated with the phenomenon will be directly proportional to the 
primary ionizing event. However if the potential difference between the electrodes 
is very high in this situation the secondary ionization phenomenon becomes so 
dominant that primary event loses its significance. The presence of very high 
voltage between electrodes ensures that the triggered pulse is independent of the 
energy of incident radiation. It simply triggers a pulse per ionizing particle. This 
pulse is fed to a counter and the radiation incident is thus counted. 
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Figure: schematic diagram of Geiger Muller counter 

The next figure shows the variation of count rate with the potential difference 
across a GM counter. It is evident from the figure that there is threshold voltage 
below which GM counter does not work. After the threshold voltage the number of 
counts is proportional to the voltage across GM tube, this region is called as 
proportional region. Further increase in the voltage beyond the proportionality 
region leads to the Geiger region where the number of counts remains constant for 
certain interval of voltage. The Geiger counter is used in this region. Beyond the 
Geiger region further increase in the voltage leads to GM tube in the continuous 
discharge region, in this region continuous discharge takes place irrespective of 
incident radiations. 

The GM counter can count about 500 particles per second. GM counter does not 
register counts in ‘dead time’ it is the time taken by the GM counter to recover 
between two counts. This time is approximately 200 µS. 

The efficiency of the GM counter is defined as ratio of the observed counts/sec to 
the number of ionizing particles entering the counter per second 
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Counting efficiency = − �xp ∗ ∗  

Where s-specific ionization ratio 

p- Pressure 

l- Path length for the particle 

Mass Spectrographs: A mass spectrograph is an instrument for the measurement 
of nuclear masses. The initial mass spectrograph measured nuclear masses with 
precession of 1 part in 103 whereas present day instruments offer precession of 1 
part in 107. 

Bainbridge Mass Spectrograph: This mass spectrograph uses a velocity selector, 
which selects the ions of same velocity and transverse magnetic field separates the 
ions with different masses. 

Principle: The Bainbridge mass spectrograph is based on the principle that the ion 
beam having the same velocity will traverse circular path of different radius 
depending upon the mass of ions under the influence of transverse magnetic field. 

Construction: The Bainbridge mass spectrograph consists of 

1. Source of ion beams with collimating slits S1 and S2. 
2. Velocity selector: It consists of transverse electric and magnetic field and 

ions entering perpendicular both the fields. The electric field is produced by 
applying potential difference between plates P1 and P2. The magnetic field B 
applied is shown by dots in the figure. 

3. An evacuated chamber D fitted with slit S3 and a photographic plate F. 

Working: The ion beam produced by discharge tube is collimated by slit S1 and 
S2 and allowed to enter the velocity selector. The electric field strength E and 
magnetic field strength B are adjusted such that the force by electric and 
magnetic field on ions equals each other i.e. =  
Or =  
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Here q is the charge of the ion and  is the velocity of ions. The ions having the 

velocity 
�� are allowed to go straight into the vacuum chamber through slit S3. 

 

 

 

 

 

 

 

The ions entering the vacuum chamber are subjected to a very strong and uniform 
magnetic field ′. The force acting on each ion is equal to ′ the radius of 
traversed circular path will be calculated as 

= ′  

Or = ′  

It can be seen that the radius of semicircular path will be different for ions having 

different mass. Using = �� we get 

= ′ 
As the values of ,  and ′ are constant  

 ∝  
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If q is same for all the ions then ∝ . The ions of different masses strike at 
different points on photographic plate. The mass scale in this mass spectrograph is 
linear. 

Aston’s Mass Spectrograph: Aston’s mass spectrograph is an apparatus of high 
accuracy and is capable of measurement of the mass of single ion and is useful for 
investigation of isotopes. 

Principle: The positive rays entering the electrostatic field are dispersed by the 
field due to velocity spectrum of the positive rays. This dispersed beam is 
collimated by a perpendicular magnetic field. 

Working: The different parts of Aston’s mass spectrograph are shown in the 
figure. AO is the direction of positive rays before entering the electrostatic field. S1 
and S2 are slits which provides a fine pencil like beam of positive rays. The 
electrostatic field is maintained by plates P1 and P2 in a direction perpendicular to 
the beam. The beam of ions is deflected towards negative plate P2. Let  and  be 
the angles of deviation and dispersion (due to different velocities). The magnetic 
field perpendicular to the electric field at O annuls the dispersion produced by 
electric field and recombined the particles to focus in the form of sharp lines on a 
photographic plate CD. 

 

 

 

 

  

 

 

 

 

 

α 

O 
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Theory: Let  E = electric field 

   e = charge on ion 

   m = mass of ion 

   v = velocity of ion 

   θ = mean angle of deviation in the electric field 

   ф = mean angle of deviation in the magnetic field 

   dθ = dispersion angle in the electric field 

   dф = convergence angle in the magnetic field 

   S = linear displacement of ions in the electric field 

   l = length of path in the electric field 

   S’ = linear displacement of ions in the magnetic field 

   l’ = length of path in the magnetic field 

 

Now =  

And =  
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Therefore  =  

Similarly in the magnetic field 

 � = ′′  

And  ′ = � ′
 

 

Therefore   � = � ′
 

By differentiating  we get = −  

Or = −  

Therefore = −  

 

By differentiating � we get 

 � = − � ′
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Or �� = −  

 = ��  

 

� = �  

If  a be the distance between the centers of electric and magnetic field and b be the 
distance between O and the photographic plate. 

In the absence of the magnetic field the width of beam =  +  

And in the absence of the electric field the width of beam =  � 

The condition of focusing is given by + = � 

Or  + = �
 

 

Or  + = �
 

Or  = � −  

Or  = � −
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Or  . = . � −  

This is the required condition for focusing. 

If = ∞ then = � −
 

Or  � =  

This gives the position of the photographic plate. 

Advantages:  

1. All particles with same e/m are focused on single point irrespective of 
velocity, as result the intensity of line at photographic plate is large. 

2. As intensity is directly proportional to the total number of ions of particular 
mass. Hence a rough estimate of relative abundance of particular isotope is 
possible. 

Limitations:  

1. The mass scale is not linear 
2. Due to polarization of electrodes of the electric field, the traces are slightly 

curved. 

Question bank 

Accelerators 
Q. No. Question Marks Year 
Q.1 Describe construction and action of Betatron. Derive the relation 

for betatron condition and energy acquired by electrons. 
10
  

April 
2010 

Q.2 Explain construction and working of a Betatron 8 Dec 
2006 

Q.3 Explain construction, principle and working of Betatron and what is 
betatron condition.                                                                

14 June 
2007 

Q.4 Give the principle and working of a Betatron. What is Betatron 
condition? For a Betatron of radius ‘R’ calculate (i) the energy 
acquired by an electron (ii) average energy per revolution gained by 

10 June 
2008 
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electron.                               
Q.5 Describe giving necessary theory the working of a betatron. How 

the electron is kept in constant radial motion in betatron?                     
14 Jan-

Feb 07 
Q.6 What are particle accelerators? Explain construction and working 

of LINAC and cyclotron and the difference between them.     
14 June 

2006 
June 
2007 

Q.7 In a LINAC show that the length In of the nth drift tube is 
proportional to √ n 

5 Jan-
Feb 
2008 

Q.8 Describe the construction and working of a cyclotron. Discuss its 
limitation                                                             

8 June(o
)    
2010 

Q.9 Explain theory and working of cyclotron? What is resonance 
condition in cyclotron? What are drawbacks?                                       

10 April 
2009 

NUCLEAR MODELS 
Q. No. Question Marks Year 
Q.10 Write a short note on the following 

(i) shell model (ii) Aston mass spectrograph   
5 April 

2010 
Q.11 Why do we say that the nucleus behaves like a liquid drop?                 6 Decem

ber 
2006 

Q.12 What are similarities between liquid drop and nucleus of an atom? 4 JUN(O
) 2008 

Q.13 Write salient feature of liquid drop model for nucleus. 4 Nov-
Dec 
2007 

Q.14 What do you understand by mass defect and binding energy of the 
nucleus? How are the two related?                                                 

4 Decem
ber 
2006 

Q.15 State clearly what do you understand by term mass defect and 
binding energy with respect of nucleus?                                     

4 Jan-
Feb 
2007 

Q.16 What is mass defect? Draw a curve between the mass   defect and 
nucleon number what information obtained from it regarding the 
stability of the nuclear.                                

5 April 
2009 

Q.17 Derive the semi empirical mass formula for the binding energy of a 
nucleus.                                                                                                   

10 Jan-
Feb 08 

Q.18 Explain salient features of nuclear shell model. What are magic 
numbers given for nucleus of an atom?                                                  

5 Jun 
2008 

Q.19 Describe Liquid drop or nuclear shell model.   4 Jun-Jul 
2006 

Q.20 Discuss qualitatively the liquid drop model given nuclei? What are 
the similarities between liquid drop and nucleus?                                  

5 April 
2009 

MASS SPECTROGRAPHS 
Q. No. Question Marks Year 
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Q.21 Explain the Construction and working of Bainbridge mass 
spectrograph.                                   

8 Dec 
2006   

Q.22 Give construction and working of Bainbridge mass spectrograph. If 
two isotopes of an element with masses m1 and m2 the mass 
spectrograph, what will be the ratio of the radii of their paths?  

14 June-
July 
2006   

Q.23 Explain the principle and working of Bain bridge mass 
Spectrograph? Show that the mass scale is linear.                                 

10 April 
2009 

Q.24 In Bainbridge mass spectrograph; show that a particle’s mass is 
directly proportional to the radius of its semicircular path.  

5 Jan-
Feb 08 

Q.25 Explain construction and working of Aston Mass Spectrograph. 
Discuss the condition of focusing of ion beam.                                     

10 June 
2008 

Q.26 What is mass spectrograph? Name different types of mass 
spectrographs. Explain any one of them in detail.                                 

14 JUN(O
) 2008 

Q.27 Give the Construction and working of following  
I) Bainbridge mass spectrograph 
II)  Cyclotron 

14 NOV-
DEC 
07  

PARTICLE COUNTERS 
Q. No. Question Marks Year 
Q.28 Describe construction and working of Geiger-Muller counter. How 

quenching achieved in it?              
5 April 

2010 
Q.29 Describe construction and working of GM counter.                              4 June 

2007 
Q.30 Describe construction and working of GM counter 4 Jun-Jul 

2006 
NUMERICALS 

Q. No. Question Marks Year 
Q.31 In a certain Betatron the maximum magnetic field at the electron 

orbit is 0.5 Wb/m2. The diameter of the stable orbit is 1.5m. If the 
frequency of the A.C. current through electromagnet is 59Hz, what 
is the (i) final energy gained by the electrons and (ii) the number of 
revolutions taken by the electrons.                                                         

4 June 
2007 

Q.32 Explain with the help of neat diagram the principle and working of 
nuclear reactor Calculate the energy released in the reaction 
3Li6 +0n1----2HE4+1H3 
Given that mass of 3Li6=6.015126a.m.u mass of 
2HE4=4.002603a.m.u mass of  1H3 =3.016049a.m.u  Mass of 0n1 
=1.008665a.m.u and  1a.m.u=931Mev.                                                  

14 JAN-
FEB 
07 

Q.33 Calculate the power output of a nuclear reactor which consumes 10 
Kg. of U-235 per day. Given that the average energy released per 
U-235 fission is 200 MeV. 

4 Dec 
2006   

Q.34 In a betatron B max applied 0.5 Wb/m2 with orbital diameter 1.5m 
if   the electromagnet is energized at 50 Hz calculated average 
energy gained by electron in a revolution.                                             

4 Jun(o)  
08 

Q.35 Protons and deuterons comprise of an ion beam. This beam is 
accelerated through 10 KV then after a magnetic field of 5 kilo 
gauss is applied perpendicular to the beam. The ion mark their 

5 Jan-
Feb 08 
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impression on a photo plate after 180  d̊eflection. Determine the 
distance between the marks of protons and deuterons Given : 
  q = 1.6 x 10-19 c ,  mp = 1.67 x 10-27 k.g.,  md = 3.34 x 10-27  
Kg. 

Q.36 Find the radius, approximate mass and approximate density for an 
element of mass number 56 in M.K.S .units. Consider the mass of 
nucleus in atomic mass unit approximately equal to the mass 
number. 

5 Jan-
Feb 08 

Q.37 Fission of one atom liberates about 200 M.eV of energy. What 
mass of 235 U has to undergo fission each day to provide 3000 
MW of thermal power?                                            

5 Jan-
Feb 08 

Q.38 A nuclear reactor produces 40MW electrical energy .If 200 Mev 
energy released per fission, calculate the mass of U235 required to 
produce electricity for 1000 hours. (Avogadro number = 6.02x 
1023 /gm atom)                                                                                      

5 April 
2010 

Q.39 Calculate the frequency of the alternating potential that must be 
given to the cyclotron Dee in which deuteron are accelerated ,given 
that magnetic flux density is 4Wb/m2           

5 April 
2010 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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