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1. ELECTROSTATICS 

 
1. Electric dipole.  Electric  field  at a point on its axial line 

Dipole : Two equal and opposite charges separated by a very small distance 
constitute an electric dipole. 

  
The charges –q and +q at A and B constitute an electric dipole. P is a point at 
a distance, r from the centre of the dipole along the axial line  
Electric field at P due to + q  

  
Electric field at P due to – q  

   
The resultant electric field at P is,  E = E1 + (-E2) 

 

 

             d << r 

 

                    p = q x 2d 
E acts in the direction of dipole moment. 
 

2. Electric field  at a point along the equatorial line.

 
 
Consider an electric dipole AB. P is a point at a distance r from the centre of 
the dipole O along the equatorial line  

Electric field at P due to + q   E1 =  
�

���� 
�

(�	
�	)  ( Along BP) 

Electric field at P due to – q   E2 =  
�

���� 
�

(�	
�	)  ( Along PA) 

Electric field at P     E = E1 cos θ + E2 cos θ (along  PR) 
                                      E = 2E1 cos θ              (E1 = E2 ) 
                                      E = �

���� 
�

(�	
�	) 2 cos θ  

                               Cos θ = �
√�	
�	  

                                      E = �
���� 

�
(�	
�	) × 

��
(�	
�	)� 	�   = �

����  × 
���

(�	
�	)� 	�    

                                      E = �
����  × 

�
(�	
�	)� 	�                (p = 2qd ) 

                                  d << r  
                                  E = 

�
����   

�
��  

E is along parallel to the axis of the dipole and  opposite to the direction of 
dipole moment. 
 

3. Electric potential at a point due to an electric dipole.  special cases. 

Diagram : 
AB is an electric dipole. Let P be the 
point at a distance r from the midpoint 
of the dipole O  
θ be the angle between PO and the axis  
OB.  
 r1 and r2 be the distances  from +q and 
–q charges respectively. 
 

Potential at P due to charge (+q) = 
�

���� 
�
��  

Potential at P due to charge (- q) = 
�

���� �� �
�	   

Total potential at P ,                V =  
�

����  � �
�� −  �

�	   

Applying cosine law,              "�� = r2 + d2 – 2rd cos θ 
                                                       �

�� = �� �1 − ��
� cos # �� ��  

Using Binomial theorem,        
�
�� = �� �1 +  �

� cos #  
Similarly,                               "�� = r2 + d2 – 2rd cos (180° − θ) 
                                                        �

�	 = �� �1 +  ��
� cos # �� ��  
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�
�	 = �� �1 −  �

� cos #  
                                                 V = �

����   �
�  �1 + �

� cos # − 1 +  �
� cos #    

                                                 V = � �� '() *
����  �	  = �

���� � '() *
  �	  

Special cases : 

   1 .   Θ = 0°                    2.  Θ =  180°                       3.  Θ = 90° 
 

    V = 1
����  �	                       V = - 1

����  �	                       V = 0 
 
4. Gauss’s law. Electric  field due to infinitely long straight charged wire 

Law : The total flux of the electric field E over any closed surface is equal to 
�

�� times the net charge enclosed by the surface. 

Consider an uniformly charged wire of 
infinite length having a constant linear 
charge density λ.   
Let P be a point at a distance r from the wire  
and E be the electric field at  the point P.  
A cylinder of length l, radius r, closed at 
each end by plane caps normal to the axis 
The magnitude of the electric field will be 
the same at all points and directed radially 
outward.  

The electric flux (φ) through curved surface = ∮ E ds cos θ 
                                      ɸ = ∮ E ds                    [θ = 0;   cos θ = 1] 
                                        ɸ = E (26"7) 

Electric flux through the plane caps = 0 
                                       q = λ7 
                                            ɸ  =   �

�� 
By Gauss’s law,      E (26"7) = 

9:
��  

                                      E  = 
9

����� 

The direction of  E is outward, if line charge is positive and inward, if the line 
charge is negative. 
 
 
 

5. Van de Graaff generator. 
 

It  produces large potential difference of the order of 107 V. 
 

Principle : Electrostatic induction and action of points. 
Diagram : 

Construction :  
A hollow metallic sphere A is mounted 
on insulating pillars.   A belt made of 
silk moves over the pulleys B ,C.  
The pulley C is driven continuously by 
an electric motor. Two comb shaped 
conductors D and E are mounted near 
the pulleys.  
The comb D is maintained at a positive 
potential of the order of 104 volt by a 
power supply.  
Comb E is connected to the inner side 
of the hollow metal sphere. 

 

Working : Because of the high electric field near the comb D, the air gets 
ionised due to action of points, The positive charges stick to the belt, moves up 
and reaches near the comb E. As a result of electrostatic induction, the comb E 
acquires negative charge and the sphere acquires positive charge and  distributed 
on the outer surface of the sphere. The descending belt will be left uncharged. The  
machine, continuously transfers the positive charge to the sphere  
 

Precaution : The leakage of charge from the sphere can be reduced by 
enclosing it in a gas filled steel chamber at a very high pressure. 
 

Uses : The high voltage can be used to accelerate positive ions (protons, 
deuterons) for the purpose of nuclear disintegration. 
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4.  ELECTRO MAGNETIC INDUCTION AND  

ALTERNATIING CURRENT 

 

1. Emf induced by changing the orientation of the coil: 
 

 
 
Construction : PQRS is a rectangular coil of N turns and area A is rotated with 
angular velocity ; about an axis perpendicular to the direction of the magnetic 
field B 
                          ɸ = NBA cos ;< 

The induced emf e = - 
�=
�>   = - NBA 

�
�> cos (;<) 

                             
                              =  NBA ω sin ωt 
                          Eo = NABω 
 

                    e = Eo sin ;t 
Cases : 

ωt Plane of the coil to the B Emf 

 

0 Perpendicular  0 
 6

2 Parallel Eo 
 

6 Perpendicular  0 36
2  

Parallel  -Eo 

2 6 Perpendicular  0 
 

2. AC generator (Dynamo) – Single phase 
 

Principle: Electro magnetic induction 
Diagram :  

       
Essential parts: 
 

Armature : large number of loops or turns of insulated copper wire wound over a 
laminated soft iron core.  
 

Field magnets :Permanent magnets in the case of low power dynamos and electro 
magnets in the case of high power dynamos.  
 

Slip rings : The metal rings R1,R2 are connected to the ends of the armature and 
they rotate along with armature.  
 

Brushes : B1,B2 are the two flexible carbon brushes which pass on the current 
from armature to external power .  
 

Working: 

The direction of the induced current is given by Fleming’s right hand rule. 
First half cycle  Second half cycle 
AB moves down CD moves down 

CD moves up AB moves up 
current flows in the coil along DCBA.  current flows in the coil along ABCD.  

current in outer circuit B1 → B2  current in outer circuit B2 → B1             

                            e = Eo sin ωt 
 

                                Eo = NBAω 
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3. Eddy currents - methods to reduce , applications 
 

When a mass of metal moves in a magnetic field or when the magnetic field 
through a stationary mass of metal is altered, induced current is produced in 
the metal. This induced current flows in the metal hence this current is called 
eddy current. 

 

Methods to reduce 

i) using thin laminated sheets instead of solid metal.  
ii)  holes drilled in the plates 

 

Dead beat galvanometer: 
 

� When current is passed through a galvanometer the coil oscillates.  

� Eddy currents are set up in the metallic frame, which opposes further 
oscillations of the coil.  

� The oscillations of the coil die out instantaneously, the galvanometer is 
called dead beat galvanometer.  
 

Induction furnace : 
� The material to be melted is placed in a varying magnetic field of high 

frequency.  

� A strong eddy current is developed inside the metal. Due to the heating 
effect of the current, the metal melts.  
 

Induction motors : 
� Eddy currents are produced in a metallic cylinder called rotor, when it is 

placed in a rotating magnetic field.  
� The eddy current initially tries to decrease the relative motion between the 

cylinder and the rotating magnetic field and metallic cylinder is set in to 
rotation.  

� These motors are used in fans.  
 

Electromagnetic brakes : 
� The drum rotates along with the wheel when the train is in motion.  

� When the brake is applied, a strong magnetic field is developed and eddy 
currents are produced in the drum .  

� The eddy current oppose the motion of the drum and the train comes to 
rest.  

 
 

Speedometer : 
� A magnet rotates inside an aluminium cylinder (drum) according to the 

speed of the vehicle.  

� Eddy currents produced in the drum makes it deflected through a certain 
angle .  

� A pointer attached to the drum moves over a calibrated scale which 
indicates the speed of the vehicle. 
 

4. Transformer : 
principle :- Electromagnetic induction 

 

construction: A transformer consists of primary and secondary coils  wound 
on a soft iron core. To minimise eddy currents a laminated iron core is used.  

 

Explanation : A varying alternating voltage is given to primary coils.  The 
magnetic flux changes in the primary coils. Magnetic flux in the secondary 
coil changes . An emf is induced in the secondary coils.   
EP and ES be the induced emf in the primary and secondary coils and NP and 
NS be the number of turns in the primary and secondary coils respectively 

                     @A
@B = CA

 CB   
For an ideal transformer , the input power = output power  
                Ep Ip = Es Is 
                     @A

@B = DB
 DA  

                     @A
@B =  DB

 DA =  CA
 CB  = k (transformer ratio) 

For step up transformer k > 1 , Es > Ep  and Is < Ip 
for step down transformer k < 1 
  

Efficiency η = 
(EFGEF G(HIJ
KLGEF G(HIJ  

 

Power losses  
i. Hysteresis loss   ii) copper loss    iii) eddy current loss   iv) flux loss  
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5. R, L, C series circuit: 
A resistor R , an inductor L , a capacitor C are connected in series and the 
combination is connected across alternating source of emf   

     
 

e = Eo sin ωt 
 

VR = I R  
 

VL= I XL   
 

Vc= I Xc  
 

Assuming the circuit to be predominantly inductive 
M� =  MN� + (MO − MP)�  
 

V = QMN� + (MO − MP)� 
 

V= R(ST)� + (SUO − SUP)� 
 

Z= 
V
D  = RT� + (UO − UP)� 

 

tan ɸ = 
WX�WY

N  
 

ɸ = tan -1 �WX�WY
N    

 

instantaneous current = I0 sin (;< ± ɸ) 
 

 
 
 
 
 
 
 

5  ELECTROMAGNETIC WAVES AND WAVE OPTICS 
 

1. Types of spectra: 
 
Emission spectra 
When the light emitted directly from a 
source is examined with a 
spectrometer, the emission spectrum is 
obtained 

Absorption Spectra 
When the light emitted from a source 
is made to pass through an absorbing 
material and then examined with a 
spectrometer, the obtained spectrum is 
called absorption spectrum. 

Continuous spectrum 
It consists of unbroken luminous 
bands of all wavelengths containing all 
the colours from violet to red. These 
spectra depend only on the 
temperature of the source Example:  
Incandescent solids, liquids 

Continuous absorption spectrum 

A pure green glass plate when placed 
in the path of white light, 
absorbs everything except green and 
gives continuous absorption 
spectrum. 

Line spectrum 

Line spectra are sharp lines of definite 
wavelengths. It is the characteristic of 
the emitting substance 
Example: Atoms in the gaseous state, 

Line absorption spectrum 

When light from the carbon arc is 
made to pass through sodium vapour 
and then examined by a spectrometer, 

Band Spectrum 
It consists of a number of bright bands 
with a sharp edge at one end but 
fading out at the other end. 
Example: Barium salts in a bunsen 
flame 

Band absorption spectrum 
If white light is allowed to pass 
through iodine vapour dark bands on 
continuous bright background are 
obtained 
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2. Raman effect: 
 

The monochromatic light is scattered when it is allowed to pass through a 
substance. The scattered light contains some additional frequencies other than that 
of incident frequency 
 

Stoke’s lines: If a photon strikes an atom in a liquid, part of the energy may be 
used to excite the atom and the rest is scattered. It have lower frequency 
 

Anti−stokes lines: If a photon strikes an atom or a molecule in a liquid, which is 
in an excited state, the scattered photon gains energy. It have higher frequency  
 

Rayleigh line : when a light photon strikes atoms or molecules, photons may be 
scattered elastically. Then the photons neither gain nor lose energy. It  have 
unmodified frequency. 
 

Raman Shift or Raman frequency   Δν = νο − νs. 
 

The Raman shift does not depend upon the frequency of the incident light but it is 
the characteristic of the substance producing  Raman effect.  
 

For Stoke’s lines, Δν is positive and for Anti–stoke’s lines  Δν is negative. 
 

The intensity of Stoke’s line is always greater than  Anti−stoke’s Line. 

 
 
 
 
 
 
 
 

3. Total internal reflection  
Let XY be a plane surface which separates a rarer medium (air) 
and a denser medium. Let the velocity of the wavefront in these media 
be Ca and Cm respectively. 
A plane wavefront AB passes from denser medium to rarer 
medium.  

 

                             )KL [
)KL � = 

\P ]P⁄
]_ ]P⁄  = 

\P
]_ =  `a>

`b>  = 
`a
`b  

 
`a
`b  < 1;  i < r, the refracted wavefront is deflected away from the surface XY. 

(i) AD < AC : For small values of i, BC will be small and so AD > BC but less 
than AC 

sin " = 
]_
]P < 1  ; r < 900   For each value of i,  a refracted wavefront is possible 

 

(ii) AD = AC : As i increases r also increases. When AD = AC, 
sin r = 1 (or) r = 900. i.e a refracted wavefront is just possible. 
 The angle of incidence at which the angle of refraction is 900 is called the critical 
angle C. 
 

(iii) AD > AC : When AD > AC, sin r > 1. This is not possible 
 Therefore no refracted wave front is possible,  
when the angle of incidence increases beyond the critical angle. The incident 
wavefront is totally reflected into the denser medium itself. This is called total 
internal reflection. 
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4.  Young’s double slit experiment 

Diagram : 

d -  distance between two coherent 
sources A and B .  
 XY -  parallel to AB at a distance 
D from the coherent sources.  
C -  mid point of AB.     O -   point 
on the screen equidistant from A 
and B.  
P -  point at a distance x from O, 
  

Waves from A and B meet at P in phase or out of phase depending upon the 
path difference between two waves. 

      
Bright fringe: 

condition for constructive interference is the path difference = nλ 

   x = 

_
� nλ 

dark fringe: 

condition for destructive interference is the path difference = 2(n-1)
e
� 

      x = 
_
�2(n-1)

e
� 

Band width ( ) 

The distance between any two consecutive bright or dark bands is called 
bandwidth. 

     

                                    6. ATOMIC PHYSICS 
 
1. J.J Thomson method for determine the specific charge of an electron. 

Principle 

cathode rays are deflected by electric and magnetic fields 
Diagram : 

 
Experimental arrangement 
A highly evacuated discharge tube 
consist of cathode K , anodes D1, D2 
and two parallel plates P1 and P2. flat 
face of the tube is coated with suitable 
fluorescent material 
 

                
              Ee = Bev 
 

                v = 
@
\   

 

                a = 
@f
g    ,  t= 

:
h  

 

               y1 =  �� �@f
g   � :

V �
 

 

              y1  =  �� �@f
g     � :	

@	  i� = 
�
� 

f
g 

:	 \	
@   

 

                y = k y1  = k 
�
� 

f
g 

:	 \	
@  

 

               
f
g = 

�j@
k:	 \	 
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2. Millikan’s oil drop experiment 

Principle 

The study of the motion of uncharged oil drop under free fall due to gravity and 
charged oil drop in a uniform electric field 
Diagram : 

Construction : 
It consists of two horizontal 
circular metal plates A and B, 
about 22 cm in diameter and 
separated by a distance of 
about 16 mm.  
The plates are surrounded by a 
constant temperature bath D 
and the chamber C containing 
dry air.  

The plates are connected to a 10000 V battery. highly viscous liquid is enter the 
space between A and B. The terminal velocity of the droplet is v. 
Motion under gravity:  

lThe net downward force 
acting on the oil drop x = weight of the oil drop – upthrust experienced by                    

                                                                                           the oil drop. 
     = 

�
y 6ayz{ −  �y 6ay|{  

     = 
�
y 6ay(z − |){ 

By Stoke’s law,  
      

�
y 6ay(z − |){ = 66aηv 

   a = � ���
�(���)��

�
	 

Motion under electric field: 

  Eq = 
�
y 6ay(z − |){ + 66aηv� 

  Eq -  
�
y  6ay(z − |){ = 66aηv� 

  Eq = 66�y �� (v+v�) � ��
�(���)��

�
	 

  E = 
V
� 

  e = 1.6 ×10-19 C 
 
 

3. Bohr postulates :  

(i)  mvr = 
��
�π 

(ii)  hν = E2 – E1  
   Diagram : 

Explanation  

Nucleus has a positive charge Ze, 
where Z is the atomic number that 
gives the number of protons in the 
nucleus and e, the charge of the 
electron is equal to that of proton. Let 

an electron revolve around the nucleus in the nth orbit of radius rn 

Electrostatic force of attraction = 
�

����   
(�f)f

��	  

                      Centripetal force, = 
gh�	

��   = m"�;�� 

                             
�

����   
(�f)f

��	  = 
gh�	

��  

                             
�

����   
(�f)f

��	  = m"�;�� 

                                       ;�� =   �f	
����g��� 

                                            L =  m��"�   = �"��;� 

                                      L = 
��
��  

                              �"��;� = ��
��   

                                        ;� =  ��
��   g��	  

                                      ;�� =  �	�	
��	g	���   

                          
�f	

����g���  = 
�	�	

��	g	��� 

                        Upto    rn   = 
�	�	��
�g�f	    

 Hydrogen atom  Z = 1  

                                    rn   = 
�	�	��
�gf	  

                                       rn = �� × 0.53 Å 
                            n = 1 , rn = 0.53 Å (Bohr radius ) 

 

 

 

www.Padasalai.Net                                                                                                                           www.TrbTnpsc.com

http://www.trbtnpsc.com/2013/07/latest-12th-study-materials-2013.html



www.Padasalai.Net

Lions Mat. Hr. Sec. School , Paramakudi        (2016 – 2017) 

8 J.SHANMUGAVELU      [P.G. T.  in  Physics]           JEYAM TUITION CENTRE  [PMK]            Ph. No:9952223467 
 

4. Ruby laser : 
 

Construction : It consists of ruby rod of length 10 cm and 0.8 cm in 
diameter. A ruby is a crystal of aluminium oxide Al2O3, in which some of 
aluminium ions ( Al3+ ) are replaced by the chromium ions (Cr3+). One end is 
fully silvered and the other is partially silvered. The ruby rod is surrounded by 
a helical xenon flash tube.  
 

Diagram :  

Working: When the 5500 Å radiation (green colour) photons are absorbed by 
the chromium ions which are pumped to the excited state E3.   
This ions decay without radiation to the meta stable state E2 has a much 
longer lifetime (10-3s).   
When the excited ion from  E2 drops down spontaneously to the ground state 
E1, it emits a photon of wavelength 6943 Å.  
This photon is reflected back and forth by the silvered ends, it stimulates other 
excited ion and emit a fresh photon in phase with stimulating photon.  
Finally, a red light of wave length 6943 Å emerges through the partially 
silvered end 

 
 
 

 

 

 

 

 

 

 

 

5. He – Ne laser :  
 

Construction:  A continuous and intense laser beam can be produced with 
the help of gas lasers. He – Ne laser  consists of a quartz discharge tube 
containing helium and neon in the ratio of 1 : 4 at a  pressure of about 1 mm 
of Hg. One end of the tube is fitted with a perfectly reflecting mirror and the 
other end with partially reflecting mirror. A powerful radio frequency 
generator is used to produce a discharge in the gas, so that the helium atoms 
are excited to a higher energy level. 
 

Diagram : 

     
Working :  When an electric discharge passes through the gas, the electron  
collide with the He and Ne atoms and excite them to metastable states of 
energy 20.61 eV and 20.66 eV respectively.  
He atom help in achieving a population inversion in Ne atoms by collision. 
When an excited Ne atom drops down spontaneously  to  18.70 eV, it emits a 
6328 Å photon.  
This photon is reflected back and forth by the reflector ends,  it stimulates an 
excited neon atom and emit a fresh 6328 Å photon.  
The output radiations escape from the partially reflecting mirror.  
The neon atoms drop down  to lower state E, through spontaneous emission 
emitting incoherent light.  
The Ne atoms are brought to the ground state through collision with the walls 
of the tube.  
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                                     8. NUCLEAR  PHYSICS 
 

1. Bainbridge mass spectrometer: 
 

Uses : accurate determination of atomic masses. 
 

Diagram : 
Construction: A beam of positive ions 
produced in a discharge tube is 
collimated in to a fine beam by two 
narrow slits S1 and S2. This fine beam 
enters into a velocity selector. The 
velocity selector allows the ions of a 
particular velocity to come out of it. It 
consists of two  electric field E and an 
electromagnet, to produce uniform 
magnetic field B two fields and  
direction of the beam  are at right 
angles to each other.  

 

Working: The electric field and magnetic field are adjusted the ions do not 
suffer any deflection.  The force exerted by the electric field is equal to qE 
and the force exerted by the magnetic field is equal to Bqv. 
                                                           Bqv = qE  

                                                               V = 
�
� 

ions having this velocity v,  through the slit S3, to enter the evacuated chamber 
D. These positive ions  are subjected to strong uniform magnetic field of 
induction B′ at right angles to the plane of the paper acting inwards. These 
ions are deflected along circular path of radius R and strike the photographic 
plate. The centripetal force is B′qv  

                                                           B’qv = 
��	

�   

                                                                m = 
�’��

�  

Substituting   V = 
�
�                                m = 

��’��
�  

Ions with different masses trace semi-circular paths of different radii and 
produce dark lines on the plate. The distance between the opening and the 
dark line gives the diameter 2R from which radius R can be calculated. 
 

 

 

2. Radioactive law of disintegration and Half life period: 
The rate of disintegration at any instant is directly proportional to the number 
of atoms of the element present at that instant.  
Let �� be the number of radioactive atoms present initially and N, the number 
of atoms at a given instant t. Let dN be the number of atoms undergoing 
disintegration in a small interval of time dt 

                                                             - 
�C
�> ∝ � 

                                                                �C
�> = − ��    (� – decay constant )                           

                     ��
� = − � �< 

                                     Integrating, loge N = – λt + C 
                                                 At t = 0, N = �� 

                                                     7�{f �� = C 
                                                       7�{fN = −λt + 7�{f�� 

                                                   7�{f � C
C� = − �< 

                                                              
C

C� =  � e>  .                � = ��  � e> 

The number of atoms of a 
radioactive substance decreases 
exponentially with increase in 
time. Initially the disintegration 
takes place at a faster rate. As time 
increases, N gradually decreases 
exponentially. An infinite time is 
required for the complete 
disintegration of all the atoms. 
 

Half life period: 

The half life period of a radioactive element is defined as the time taken for 
one half of the radioactive element to undergo disintegration. 
                                                               � = ��  � e> 

                                       < =  ¡� ��   ,       N = 
C�
�  

                                                              
C�
�  = ��  � e¢� 	�  

                                                       7�{f 2 = �¡� ��  

                                                          ¡� �� =  :£¤¥ �
e  = 

:£¤�� � ×�.y��¦
e  = 

�.¦�y�
e  

The half life period is inversely proportional to its decay constant. 
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3. Neutron – Discovery 
In 1930 Bothe and Becker found that when beryllium was bombarded with  
§ -particles,  a highly penetrating radiation was emitted. This radiation was 
capable of traversing through a thick layer of lead and was unaffected by 
electric and magnetic fields.  
In 1932 Irene Curie and F. Joliot found that those radiations were able to 
knock out protons from paraffin and similar substances that are rich in 
hydrogen.  
Chadwick in the same year discovered that the emitted radiation consists of 
particles of mass nearly equal to proton and no charge. He called them as 
neutrons.  
                           4Be9 + 2He4  → 6C

12 + 0n
1 

Properties of neutrons: 
i. Neutrons are the constituent particles of all nuclei, except hydrogen. 

ii. They are not deflected by electric and magnetic fields. 
iii. Neutrons are stable inside the nucleus. But outside the nucleus they 

are unstable. 
iv. As neutrons are neutral, they can easily penetrate any nucleus. 
v. Neutrons are classified according to their kinetic energy as 

                  a) slow neutrons  - 0 to 1000 eV  ( thermal neutrons - 0.025 eV) 
                  b) fast neutrons -  0.5 MeV and 10 MeV  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

4. Geiger – Muller counter:  
 

Uses : measure the intensity of the radioactive radiation. 
 

Principle : When nuclear radiations pass through gas, ionisation is produced. 
 

Diagram :  
Construction: It consists of a metal 
tube (C) acting as the cathode and a 
fine tungsten wire (W) acts as anode.  
The tube is well insulated from the 
anode wire. The tube is filled with an 
inert gas like argon at a low pressure. 
One end is fitted with a thin mica 

sheet and this end acts as a window through which radiations enter the tube.  
A high potential difference of about 1000 V is applied between the electrodes 
through a high resistance R of about 100 mega ohm.  
 

Operation: When an ionising radiation enters the counter, primary ionisation 
takes place .  
These ions are accelerated  due to the high potential difference and these ions are 
multiplied by further collisions.  
Thus an avalanche of electrons is produced in a short interval of time and reaching 
the anode generates a current pulse. 
 This is amplified by electronic circuits and is used to operate an electronic 
counter.  
The counts in the counter is directly proportional to the intensity of the ionising 
radiation. 
The ionisation of the gas is independent of the type of the incident radiation.  
G.M. counter does not distinguish the type of radiation . 
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5. Nuclear reactor.  

A nuclear reactor is a device in which the nuclear fission reaction takes 
place in a self sustained and controlled manner. 
Fissile material or fuel  
The fissile material or nuclear fuel generally used is  92U

235.  Pu239 and 
U233 are used as fissile material.  
PHWR -  natural uranium oxide   
PWR - low enriched uranium  
PFBR -  mixture of oxides of plutonium and uranium 
FBTR -  mixture of the carbides of uranium and plutonium 
Kamini reactor -  U233 is used.  
Moderator  
It  is to slow down fast neutrons of energy about 2 MeV to thermal 
neutrons  of energy about 0.025 eV  
E.g. Ordinary water and heavy water. Graphite 
FBR – No moderator   
Neutron source  
A source of neutron is required to initiate the fission chain reaction for 
the first time.  
E.g. A mixture of beryllium with plutonium or radium or polonium  
Control rods  
It is used to control the chain reaction and  very good absorbers of 
neutrons  
E.g. Boron, Cadmium, Boron Carbide.  
The cooling system  
It  removes the heat generated in the reactor core.  
A good coolant: large specific heat capacity and high boiling point.  
E.g. Heavy water, ordinary water, liquid sodium.  
Neutron reflectors  
It prevent the leakage of neutrons to a large extent, by reflecting them 
back.  
E.g. Depleted Uranium, Thorium.  
Shielding  
Reactor is surrounded by a concrete wall of thickness about 2 to 2.5m.  
 

Uses of reactors :-  
Power production  
To produce radio – isotopes  
Sources of neutrons -  scientific research. 
 
6. Cosmic Rays: The ionising radiation many times stronger than ¨-rays  
entering the earth from all the directions from cosmic or interstellar space is  
known as cosmic rays. 
Latitude effect: The variation of cosmic ray intensity with geomagnetic  
latitude is known as latitude effect the intensity is maximum at the poles   
(θ=900), minimum at the equator (θ = 0) and constant between latitudes of   
420 and 900. 
Diagram :  

 
 

The decrease in cosmic ray intensity at the earth’s equator is explained to be  
due to the earth’s magnetic field. The charged particles approaching the earth  
near the poles along the direction of the magnetic lines of force.  
They experience no force and hence maximum intensity at poles.  
But the charged particles at the equator have to travel in a  perpendicular  
direction to the field and are deflected away and hence minimum intensity at  
the equator. 
Altitude effect: 

The study of variation of cosmic 
ray intensity (I) with altitude (h) is 
known as altitude. 
The intensity increases with altitude 
and reaches a maximum at a height of 
about 20 km. Above this height there 
is a fall in intensity. 
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5 MARKS : 

1 ELECTROSTATICS 
 

1. Properties of electric lines of forces. 

i) Start from positive charge and terminate at negative charge. 
ii) Never intersect.   
iii) The tangent to a line of force at any point gives the direction of the 

electric field 

iv) The number of lines per unit area  is proportional to the magnitude of  E. 
v) Each unit positive charge gives rise to 

�
©�  lines of force in free space. 

 

2. Torque acting on the electric dipole placed in a uniform electric 

field: 
A  dipole AB of dipole moment p 
placed at an angle θ in an uniform 
electric field E.  
The charge +q experiences a force qE 
and the charge   –q experiences an 
equal force in the opposite direction. 
Thus the net force is zero. 
 

τ = One of the forces x perpendicular distance between the forces 
      = F x 2d sin θ 

   = qE x 2d sin θ = pE sin θ       (∵ q × 2d = P) 
In vector notation, ª« = ¬« × ®« 
 

3. Electric potential due to a point charges.: 

 
Let +q charge situated  at O. P is a point at a distance r from +q. Consider two 
points A and B at distances x and  x + dx from the point O 
                                    dV = −E dx 
 

                                      E = 
�

����   
�

W	 
 

                                     dv = - 
�

����   
�

W	 dx 
 

                                      V = − ¯ �
����W	    dx�

±  = 
�

�����  

4. Capacitors in parallel : 
 Three capacitors  C1, C2 and C3 connected 
in parallel. The potential difference across 
each capacitor is the same. The charges on 
the three capacitors are, 
q1 = C1V, q2 = C2 V, q3 = C3V. 
The total charge  q = q1 + q2 + q3 
q = C1V + C2V + C3V  , q = Cp.V  

                                                          CpV = V (C1 + C2 + C3) 
                           CP = C1 + C2 + C3     
 

5. Capacitors in series: 

 Three  capacitors   C1, C2 and C3 connected 
in series. Let V be the potential difference. 
Each capacitor carries the same amount of 
charge q.  
Let V1, V2, V3 be the potential difference 
across the capacitors C1,C2, C3 respectively.  

                                                 Thus  V = V1 + V2 + V3 + V4   
                                                         V1 = 

�
P� , V2 = 

�
P	 , V3 = 

�
P�  ,V = 

�
PA 

                                                          V = ² � �
P�  +  �

P	   +   �
P�  

                                                         
�
P³  =  

�
P�  +  

�
P	  +  

�
P�   

6. Energy stored in a capacitor: 
Let q be the charge and V be the potential difference between the plates of 
the capacitor. If dq is the additional charge given to the plate, 
then work done is,     dw = Vdq 
                                   dw = 

�
´ dq 

                        w = ¯ dw = ¯ �
´  dq�

�  = 
�
�  �	

´  

                          U = 
�
�  �	

´ =  �
�  CV� 

                         
7. Applications of superconductors: 
i) Superconductors form the basis of energy saving power systems.   
ii) Used  to levitate trains above its rails. 
iii) Used to launch satellites into orbits directly from the earth without 

the use of rockets 
iv) Used for transmission lines. 
v) Used as memory or storage elements in computers. 
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2 CURRENT ELECTRICITY 

 

1. Relation between current and drift velocity: 
Consider a conductor XY of length L and 
area of cross section A.  Let n be the 
number of free electrons per unit volume. 
Vd be the drift velocity of free electrons. 
 

The number of  electrons  = nAL 
 

The charge of an electron = e 
 

                                                                  The total charge  q = (nAL) e 
 

                                                                           The time  t = 
¶

�· 
 

                                                                    The current , I = 
�
F  = 

L¸¶I
¹

º·
 

 

                                                                                         I = nAevd  
 

           The current  is directly proportional to the drift velocity. 
 
2. Resistors in parallel : 

 Four  resistors  R1, R2, R3 and R4 are 
connected in parallel .  When resistors are 
in parallel, the potential difference (V) 
across each resistor is the same. 
A current I divided into I1, I2, I3 and I4 
through R1, R2, R3 and R4 respectively, 
 

such that I = I1 + I2 + I3 + I4. 
 

                                                       I1 = 
V

N�
 , I2 = 

V
N	

 , I3 = 
V

N�
 , I4 = 

V
N�

 , I = 
V

N»
 

 

                                           
V

N»
  =  

V
N�

  +  
V

N	
  +  

V
N�

  +  
V

N�
  

 

                                           
�

N»
  =  

�
N�

  +  
�

N	
  +  

�
N�

  +  
�

N�
 

 
 

 

3. Resistors in series 
The  resistors  R1,R2, R3 and R4 connected in 

series. The current flowing through each 
resistor is the same.   
The potential difference across each resistor 
R1, R2,R3,R4 is V1, V2, V3 and V4 respectively. 

 

                               Net  potential difference V = V1 + V2 + V3 + V4 
 

                               V1 = IR1,  V2 = IR2,  V3 = IR3,  V4 = IR4, V = IRs 
 

                  Hence, IRS = IR1 + IR2 + IR3 + IR4  
 

                                RS = R1 + R2 + R3 + R4 
 

4. Determination of internal resistance of a cell using voltmeter: 
With key K open, the emf of cell E is 

found by connecting a high resistance 
voltmeter across it. A small value of 
resistance R is included in the external 
circuit and key K is closed. The potential 
difference across R is equal to the potential 

difference across cell (V). 
                                The potential  across R,    V = IR …….1 

Due to internal resistance r of the cell,  V is less than the emf of cell. 
                                       Then V = E – Ir or Ir = E−V ……..2 

Dividing (2) by  (1)                   r = �@�V
V   R 

 

5. Wheatstone’s bridge   
Applying current law to junction B, 
I1 – Ig – I3 = 0 
junction D 
I2 + Ig – I4 = 0 
 

Applying voltage law to  ABDA 
I1 P + IgG – I2 R = 0 
Applying  voltage law to  ABCDA 
                                                            

I1P + I3Q – I4S – I2R = 0 

For balancing condition Ig = 0. 
 

                                                                                   
¼
½ = �

¾ 
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6. Daniel cell: 
 

It cannot supply steady current for a 
long time.  
Construction :  

Anode → Copper  
Cathode → Zinc  
Electrolyte → copper sulphate 
solution , Diluted sulphuric acid  
Vessel → Copper  
 

Working  : The zinc rod reacting with dilute sulphuric acid produces 
Zn++ ions and 2electrons and thus becomes negative.  
Zn++ ions pass through the porous pot and reacts with copper sulphate 
solution, producing Cu++ ions  
The Cu++ ions deposit on the copper vessel  
When Daniel cell is connected in a circuit, the two electrons on the zinc 
rod pass through the external circuit and neutralizing the ions.  
Current passes from Cu to Zn, in the external circuit .  emf → 1.08V 
 

7. Leclanche cell 

 

Construction :  

Anode → Carbon rod  
Cathode → Zinc rod  
Electrolyte → Ammonium Chloride 
solution  
Vessel → Glass  
 

Working :  
At the zinc rod, due to oxidation reaction Zn atom is converted in to Zn++ ions 
and 2electrons. Zn++ions reacting with ammonium chloride produces zinc 
chloride and ammonia gas.  

Zn++ + 2 NH4Cl  → 2NH3 + ZnCl2 + 2 H+ + 2e– 

The positive charge of hydrogen ion is transferred to carbon rod.  The two 
electrons from the zinc rod move towards carbon and neutralizes the positive 
charge.  
Thus current flows from carbon to Zn. 
emf → 1.5V  Current  → 0.25 A  

8. Lead – Acid accumulator: 

Construction :   

Anode → Lead oxide  
Cathode  →Lead  
Electrolyte →Diluted Sulphuric acid  
Vessel → Rubber or Glass  
 

 

 

 
Working  : Spongy lead reacting with dilute sulphuric acid produces lead 
sulphate and two electrons.  
At the positive electrode, lead oxide on reaction with sulphuric acid produces 
lead sulphate and the two electrons are neutralized. The conventional current 
to flow from positive electrode to negative electrode in the external circuit. 
The emf  →  2.2 Volt and the specific gravity → 1.28. 
It has low internal resistance and hence can deliver high current. 
 
9. Principle of potentiometer: 

 
A battery Bt is connected between 
the ends A and B of a potentiometer 
wire through a key K.  This forms 
the primary circuit.  
A primary cell is connected in series 
with the positive terminal A of the 
potentiometer, a galvanometer,  

                                                                 high resistance and jockey. 
If the potential difference between A and J is equal to the emf of the cell,  
no current flows through the galvanometer.  If the balancing length is l,   
 r is the resistance per unit length of the potentiometer wire  
                      E = Irl, 
                                            E  l 
emf of the cell is directly proportional to its balancing length. 
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10. Comparison of emfs of two given cells using potentiometer: 
Construction :  Wire  AB is 
connected in series with a battery , 
Key, rheostat. The cell of emf E1 is 
connected between terminals C1 and 
D1 and the cell of emf E2 is connected 
between C2 and D2 of the DPDT 
switch. 
The potential difference across the 
balancing length l1   
                        E1 = Irll  

 
The DPDT switch is pressed towards E2. The balancing length l2 The 
potential difference across the balancing length is l2  
                                                                   E2 = Irl2 

 

                                                                   
��
�	 = ¿�

¿	  
  

11. Faraday’s  first laws of electrolysis: 
Law: The mass of a substance liberated at an electrode is directly 
proportional to the charge passing through the electrolyte. 
 

Construction : A battery, a rheostat, a key 
and an ammeter are connected in series to 
an electrolytic cell. 
A current I� is passed for a time t,  the 
mass m� of the substance is obtained. 
Current  I� is passed for the same time t. 
The mass m�  is obtained. m�

m�
=  I�

I�
 

Experiment  is repeated for current I  but for different times t� and t�. If the 
masses of the deposits are my and m� 

                                                                                           
��
�� =  F�

F	 
 

                                                                                             m ∝ It  
 

                                                                                              m∝ q 
                                 

12. Faraday’s  second  laws of electrolysis: 
Law: The mass of a substance liberated at an electrode by a given amount of 
charge is proportional to the chemical equivalent of the substance. 

Construction : Two  cells containing 
different electrolytes, CuSO4  and 
AgNO3 solution are connected in series 
with a battery, a rheostat and an 
ammeter. Copper electrodes  in CuSO4 
and silver electrodes  in AgNO3. 
 

                   Rh 
The current is passed for some time. Then   masses of copper and silver are found 
as m� and m�. 

                                          ��
�	 =  ��

�	    
 

                                       m ∝ ® 
 

3 EFFECTS OF ELECTRIC CURRENT 
 

1. Special features of  Magnetic Lorentz  force: 
i) Force  F on the charge is zero, if the charge is at rest. . 
ii)  Force  is proportional to the magnitude of the charge (q) 
iii) Force is proportional to the magnetic induction (B) 
iv) Force is proportional to the speed of the charge (v) 
v) Direction of the force is oppositely directed for charges of opposite 

sign 
 

2. Conversion of galvanometer into an ammeter: 

A  galvanometer is converted into 
an ammeter by connecting a low 
resistance in parallel with it. 
Ig be the maximum current  
passed through the galvanometer.  
Galvanometer resistance = G 
Shunt resistance = S  
Current in the circuit = I 

                                   Current through the shunt resistance = Is = (I–Ig)                       
                                                                                     Ig . G = (I- Ig)S   
 

                                                                                     S= G .
ÂÃ

Â�ÂÃ 
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3. Conversion of galvanometer into a voltmeter: 

A galvanometer can be 
converted into a voltmeter by 
connecting a high resistance in 
series with it 
 
Galvanometer resistance = G 

The current produce full scale deflection in the galvanometer = Ig 
                                                                  Range of voltmeter = V 

                                Resistance to be connected in series = R 

                                                       Ig =  .
�

�
Ä  

 

                                                       R = 
�
ÂÃ – G 

 
4  ELECTROMAGNETIC INDUCTION AND ALTERNATING CURRENT 

 

1. Emf induced by changing the area enclosed by the coil: 
                      

L1M1 is a sliding conductor of 
length l resting on the arms PQ 
and RS. 
A uniform magnetic field ‘B’ acts 
perpendicular to the plane of the 
conductor. When L1M1 is moved 
through a distance dx in time dt, 
Due to the change in area 
L2L1M1M2, there is a change in 

the flux linked with the conductor. Therefore, an induced emf is produced. 
                                                   Change in area dA  = l dx 
 

                                                                               dϕ = B.dA = B l dx 
 

                                                                                 e = − �Å
�F  = − � ¿ �Æ

�F  
 

                                                                                 e = -Blv 
 

 

 

 

2. Energy losses in a transformer: 

Energy losses Causes Minimise 

Hysteresis loss Repeated  magnetisation and 
demagnetisation of the iron 
core caused by the alternating 
input current 

Alloys like mumetal and 
silicon steel 

Copper loss Current  flowing through the 
primary and secondary 
windings lead to Joule heating 
effect 

Thick wires with low 
resistance 

Eddy current loss Varying  magnetic flux leads 
to the wastage of energy in 
the form of heat 

Laminated  core made of 
stelloy, an alloy of steel 

Flux loss Flux  produced in the primary 
coil is not completely linked 
with the secondary coil due to 
leakage. 

Shell  type core 

 
  

5  ELECTROMAGNETIC WAVES AND WAVE OPTICS 
 

1.  Radius of the nth dark ring: 
 Consider  the vertical section 
SOP of the plano convex lens  its 
centre of curvature C,  R be the 
radius of curvature of the plano 
convex lens and O be the point of 
contact  with the surface.  t be the 
thickness of the air film.  
 Then ST = AO = PQ = t 

 
                 Let rL be the radius of the nth dark ring  Then SA = AP = rL 
 

                 By  the law of segments   SA. AP = OA. AN  
 

                                                                   2t = JÇ	
�       

 

                                                                    2t = nλ 
 

                                                                    rL =  √nRλ 
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2. Brewster’s law:  The tangent of the polarising angle is numerically equal 
to the refractive index of the medium. 
 

ip + 90° + r = 180° 

r = 90° - ip  

 
ÉÊË ÊÌ
ÉÊË Í =  Î 

ÉÊË ÊÌ
ÏÐ° −ÊÌ  =  Î  

 ÉÊË ÊÌ
ÑÒÉ ÊÌ

=  Î  

tan ÊÌ  = Î 

 

3. Pile of plates  

It consists of a number of glass plates 
placed one over the other. 
The plates are inclined at an angle of 
32.5° to the axis of the tube 
A beam of monochromatic light is 
allowed to fall on the pile of plates 
along the axis of the tube. So, the 
angle of incidence will be 57.5° 
which is the polarising angle for 
glass. 

The vibrations perpendicular to the plane of incidence are reflected at each surface 
and those parallel to it are transmitted.  
The larger the number of surfaces, the greater is the intensity of the reflected 
plane polarised light.  
The pile of plates is used as a polarizer and an analyser. 

 

 

 
 
 
 
 
 
 

4. Nicol prism 
 Construction: Calcite  crystal 
whose length is three times its 
breadth. It is cut along the 
diagonal so that their face angles 
are 72° and 108°. And  joined 
together by a layer of Canada 
balsam, a transparent cement .  

For ordinary light µ= 1.658 and for extra- ordinary light µ= 1.486.   
for Canada balsam  µ= 1.550 for both rays, hence  
 

Working: A unpolarised light is splits up into ordinary ray (O) 
and extraordinary ray (E) inside the nicol prism. The ordinary ray is totally 
internally reflected at the layer of Canada balsam and is prevented. 
The extraordinary ray alone is transmitted through the crystal which 
is plane polarised. The nicol prism serves as a polariser and also an 
analyser. 
  
 

6 ATOMIC PHYSICS 
 

1. spectral series of hydrogen: 

 

when the electron jumps from outer orbit (n2) to lower orbit (n1) the 
following spectral series are emitted 
Series Lower  

orbit n1 

Outer   

orbit n2 

Region Wave number ÓÔ 

Lyman  1 2,3,4…. Ultraviolet  ÓÔ = R�Õ − Õ
ËÖÖ  

Balmer  2 3,4,5…. Visible  ÓÔ = R�Õ
×  − Õ

ËÖÖ  

Paschen  3 4,5,6…. Infrared  ÓÔ = R�Õ
Ï  − Õ

ËÖÖ  

Brackett 4 5,6,7…. Infrared ÓÔ = R� Õ
ÖØ − Õ

ËÖÖ  

Pfund  5 6,7,8…. Infrared ÓÔ = R� Õ
ÙÚ − Õ

ËÖÖ  
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2. Laue experiment: 

 
X–rays from the X–ray tube is collimated into a fine beam by two slits S1 and 
S2 
It passes through a ZnS. Crystal 
The emergent rays are made to fall on a photographic plate P. 
The diffraction patten so obtained consists of a central spot at O and a series 
of spots arranged in a definite pattern about O. These spots are known as Laue 
spots. 
Important facts : 
(i) X–rays are electromagnetic waves of extremely short wave length. 
(ii)  The atoms in a crystal are arranged in a regular three dimensional 

lattice. 
 

3. Bragg’s law for X-ray diffraction: 
X–rays of wave length λ incident 
on a crystal at a glancing angle θ. 

The incident rays AB and DE after 
reflection BC and EF respectively 
The crystal lattice spacing between 
the planes be d 
path difference between the two 
waves ABC and DEF is equal to PE 

+  

                                    In the ΔPBE, sin θ = 
¼�
��  [or]  PE = BE sin θ = d sin θ 

                                   In the ΔQBE, sin θ = 
�½
�� [or]  EQ = BE sin θ = d sin θ 

                                    Path difference = PE + EQ = d sinθ + d sinθ = 2d sinθ 

path difference 2d sin θ is equal to integral multiple of wavelength of X-ray i.e. 
nλ 

                                                       2d sin θ = nλ     where, n = 1, 2, 3 … etc. 
 

7 DUAL NATURE OF RADIATION AND MATTER – RELATIVITY 
 

1. Photo electric effect: Photoelectric emission is the phenomena by which a  
good number of substances, chiefly metals, emit electrons under the 
influence of radiation such as ¨ rays, X-rays, ultraviolet and even visible 
light. 
Laws of photoelectric emission 
i) For a given photo sensitive material, there is a minimum frequency called  
the threshold frequency, below which emission of photoelectrons stops  
completely, however great the intensity may be. 
ii)  For a given photosensitive material, the photo electric current is directly  
proportional to the intensity of the incident radiation, provided the frequency  
is greater than the threshold frequency. 
iii)  The photoelectric emission is an instantaneous process. i.e. there is no  
time lag  between the incidence of radiation and the emission of photo  
electrons. 
iv)  The maximum kinetic energy of the photo electrons is directly  
proportional to the frequency of incident radiation, but is independent of its  
intensity. 

 
2. Einstein’s photoelectric equation 

Albert Einstein, successfully applied quantum theory of radiation to  
photoelectric effect. 
The emission of photo electron is the result of the interaction between a  
single photon of the incident radiation and an electron in the metal. When a  
photon of energy hν is incident on a metal surface, 
i)  A part of the energy of the photon is used in extracting the electron from  
the surface of metal. The work function of a photo metal is defined as the  
minimum amount of energy required to liberate an electron from the metal  
surface. 
ii)  The remaining energy of the photon is used to impart kinetic energy to  
the liberated electron. 
                                          hν = W + 

�
�mv2       

If the electron does not lose energy by internal collisions, the entire energy( 
hν – W) will be exhibited as K.E of electron 
hν = W + 

�
�m�gÛÜ�    (or) h (ν – ν0)  =  

�
�m�gÛÜ�  

 
 

   

www.Padasalai.Net                                                                                                                           www.TrbTnpsc.com

http://www.trbtnpsc.com/2013/07/latest-12th-study-materials-2013.html



www.Padasalai.Net

Lions Mat. Hr. Sec. School , Paramakudi        (2016 – 2017) 

19 J.SHANMUGAVELU      [P.G. T.  in  Physics]           JEYAM TUITION CENTRE  [PMK]            Ph. No:9952223467 
 

3. De Broglie wavelength of matter waves. 
 

Planck’s relation,                          E = hυ   
Einstein’s mass energy relation   E = mC2  

                                               hυ = mC2     (or)  h 
P
e = mC2  

                                                � =  
�

g`   

                                         Þ = �  

                                               � =  
�

gh   (or)   
�
� 

 
4. Applications of photo electric cells: 

i)  reproducing sound in cinematography. 
ii)  controlling the temperature of furnaces. 
iii) automatic switching on and off the street lights. 
iv)  study of temperature and spectra of stars. 
v)  These cells are used in opening and closing of door automatically. 
 
 

 

 

5. Photoelectric cells: 

It  is a device which converts light energy into electrical energy. 
Construction: It consists of a highly 
evacuated bulb B made of glass or quartz .  
A semi cylindrical metal plate C, acts as 
cathode.  
This plate is coated with a low work 
function material such as caesium oxide. 
A thin platinum wire A is serves as the anode. 
Working:  When a light of suitable wave 
length falls on the cathode, photo electrons 
are emitted. 
 
The resulting current is measured by a micro 
ammeter.  

The current produced by this type of cell is proportional to the intensity of 
the incident light for a given frequency. 
 

6. Uses and limitations of an electron microscope: 

Uses: 

i) Study the structure of textile fibres, surface of metals, composition of 
paints etc. 

ii)  Study virus, and bacteria. 
iii)  Investigation of atomic structure and structure of crystals in detail. 
Limitations: 

It is operated only in high vacuum. This prohibits the use of the microscope 
to study living organisms which would evaporate and disintegrate under such 
conditions. 
 

7. Length contraction ( or ) Lorentz – Fitzgerald contraction: 
 

The length of the rod in 
S′is lo at rest. The frame 
of reference S′ moves 
with a velocity v. Now, the 
length of the rod is l  
 
 

        l =  l( Q1 −  �	
'	          i.e.,        l <  l( 

The rod is contracted by a factor Q1 − �	
'	  in the direction of motion 

Example : a circular object appears as an ellipse for a fast moving observer 
 

8. Time dilation:  

 A  clock in the frame S′ at a position gives out signals at an interval to. 
This interval is observed by an observer in frame S moving with velocity is t,  
                             t = 

>�
QÕ� âÖ

ÑÖ
           i.e,     t > t0 

          Time  lengthened by a factor of  
�

QÕ� âÖ
ÑÖ

 

Example : The clock in the moving space ships will appear to go slower than 
the clocks on the earth. 
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8  NUCLEAR PHYSICS 
1. Radioactive displacement law 

 ã-decay : 
The atomic number decreases by two and mass number decreases by four 
Example:  88Ra226    

→  86Rn222  +  2He4 

 ä−decay: 

The atomic number increases by one and the mass number remains the same. 
Example:    90Th234   →  91Pa234  +  

−1e
0 

 å−decay: 

Only the energy level of the nucleus changes and the atomic number and  

mass number remain the same. 
Example:  During the radioactive disintegration of radium into radon ,  
gamma ray of  energy 0.187 MeV is emitted, when radon returns from the  
excited state to the ground state 
 
 

2. Atom bomb: 
Principle: uncontrolled fission 
chain reaction. 
Construction:  An atom bomb 
consists of two hemispheres of 
U235 (or 94Pu239), each  smaller 
than the critical size and are kept 
apart by a separator aperture 

Operation : When the bomb has to be exploded, a third well fitting cylinder 
of U235  (or 94Pu239) whose mass is also less than the critical mass, is 
propelled so that it fuses together with the other two pieces.  
Now the total quantity is greater than the critical mass and an uncontrolled 
chain reaction takes place resulting in a terrific explosion. 

 
 
 
 
 
 
 
 

3. Properties of Cathode ray, Canal ray, X – ray, æ, è, é – rays: 

 
Cathode ray Canal ray X - ray æ - ray è - ray é - ray 

deflected by 
electric and 
magnetic 
fields 

deflected by 
electric and 
magnetic 
fields 

not deflected 
by electric 
and magnetic 
fields 

deflected by 
electric and 
magnetic 
fields 

deflected by 
electric and 
magnetic 
fields 

not deflected 
by electric 
and magnetic 
fields 

affect 
photographic 
plates 

affect 
photographic 
plates 

affect 
photographic 
plates 

affect 
photographic 
plates 

affect 
photographic 
plates 

affect 
photographic 
plates 

ionize the gas 
through 
which they 
pass 

ionize the gas 
through 
which they 
pass 

ionize the gas 
through 
which they 
pass 

ionize the gas 
through 
which they 
pass 

ionize the gas 
through 
which they 
pass 

ionize the gas 
through 
which they 
pass 

produce 
fluorescence 

produce 
fluorescence 

liberate photo 
electrons 

produce 
fluorescence 

produce 
fluorescence 

produce 
fluorescence 

travel in 
straight lines 

travel in 
straight lines 

travel in 
straight lines 

travel in 
straight lines 

velocities 
over the range 
of 0.3 c to 
0.99 c 

travel with 
the velocity 
of light 
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