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1.ELECTROSTATICS 

1. DDeerriivvee  aann  eexxpprreessssiioonn  ffoorr  eelleeccttrriicc  ffiieelldd  dduuee  ttoo  aann  eelleeccttrriicc  ddiippoollee  aatt  aa  ppooiinntt  oonn  iittss  aaxxiiaall  lliinnee..     

1. AB is an electric dipole of two point charges –q and +q separated by a small distance 2d. 

P is a point along the axial line of the dipole at a distance r from the midpoint O of the 

electric dipole.                          

2.        

                                                                                                   

 

 

3. The electric field due to + q          

 

4. The electric field due to -q           

 

5.     E = E1 + (−E2)          

6.      

 

 

 

 

7.       d<<r     and   p= 2dq 

 

8.                                                          

9.           

 

10.      E acts in the direction of dipole moment. 

 

2. DDeerriivvee  aann  eexxpprreessssiioonn  ffoorr  eelleeccttrriicc  ffiieelldd  dduuee  ttoo  aann  eelleeccttrriicc  ddiippoollee  aatt  aa  ppooiinntt  aalloonngg  tthhee  

eeqquuaattoorriiaall  lliinnee.. 

1. Consider an electric dipole AB. Let 2d be the dipole distance and p be the dipole moment. 

P is a point on the equatorial line at a distance r from the midpoint O of the dipole. 

2. Electric field at a point P due to the charge +q   

  

3.  Electric field at a point P due to the charge -q   
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4. The magnitudes of E1 and E2 are equal. The vertical components E1 sin θ and E2 sin θ 

cancel each other. The horizontal components E1 cos θ and E2 cos θ will get added along PR. 

5. Resultant electric field E = E1 cos θ + E2 cos θ (along PR) 

                                                   E   = 2 E1cos θ ( E1 = E2) 

6. E =  2 x                                                                 {    } 

 

 

7.    

 

8.    d<<r     and   p= 2dq 

9.                                                 

 

 

10.     The direction of E is opposite to the direction of dipole moment.   

 

 

 

 

 

 

 

 

 

 

 

 

3. DDeerriivvee  aann  eexxpprreessssiioonn  ffoorr  eelleeccttrriicc  ppootteennttiiaall  dduuee  ttoo  aann  eelleeccttrriicc  ddiippoollee..  DDiissccuussss  ssppeecciiaall  ccaasseess..  

1. Consider an electric dipole AB. Let p be the point at a distance 

r from the midpoint of the dipole and θ be the angle between 

PO and the axis of the dipole OB. 

2.  

                                                                  
    

 

     

 

 

www.nammakalvi.weebly.com



Simplified 10 mark Answers 

 

202 

    3.  Applying cosine law,  

           Using the Binomial theorem and neglecting higher powers, 

 

     

      4. Similarly,                                                                                   =  

      5.  

 

       6. Substituting equation (2) and (3) in equation (1) and simplifying 

            

 

 

     7. Special cases: 

               (i)  If  θ = 00 ;   

               (ii)  If  θ = 1800 ;   

               (iii)  If  θ = 900  ;     V=0 

4. SSttaattee  GGaauussss’’ss llaaww..  AAppppllyyiinngg  tthhiiss,,  ccaallccuullaattee  eelleeccttrriicc  ffiieelldd  dduuee  ttoo (i))  aann  iinnffiinniitteellyy  lloonngg  

ssttrraaiigghhtt  cchhaarrggee  wwiitthh  uunniiffoorrmm  cchhaarrggee  ..   

Gauss’s law: 

 The law states that the total flux of the electric field E over any closed surface is equal to         

times the net charge enclosed by the surface. 

   Field due to an infinite long straight charged wire: 

  1. Consider a uniformly charged wire. Let P be a point at a distance 
r from the wire. λ  à linear charge density . Choose Gaussian 
surface of length l and radius r. 

 
  2.  The electric flux (φ) through curved surface = 

  

  

   3. Since E and ds are right angles to each other, the electric flux 
through the plane caps = 0. 
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4. Total flux through the Gaussian surface, φ = E. (2πrl) 

5. The net charge enclosed by Gaussian surface is, q = λl 

6. By Gauss’s law,  

  

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

        

5. EExxpprreessssiioonn  ffoorr  eelleeccttrriicc  ffiieelldd  dduuee  ttoo  uunniiffoorrmmllyy  cchhaarrggeedd  sspphheerriiccaall  sshheellll::  

              Case (i) At a point outside the shell. 

1. Consider a charged shell of radius R . Let P be a point 
outside the shell, at a distance r from the centre O.  

2. Let us construct a Gaussian surface with r as radius. 
The electric field E is normal to the surface. 

3. The flux crossing the Gaussian sphere normally in an 
outward direction is, 

 
 
                 (Since angle between E and ds is zero) 
4.  
 
5.  
 
 
6. The electric field at a point outside the shell will be the same as if the total charge on the 

shell is concentrated at its centre. 

Case (ii) At a point on the surface. 

7.    The electric field E for the points on the surface of charged  spherical shell is, 

 

Case (iii) At a point inside the shell. 

8. Consider a point P′ inside the shell at a distance r′ from the 
centre of the shell. Let us construct a Gaussian surface 
with radius r′. 

9. The total flux crossing the Gaussian sphere normally in an 
outward direction is: 

 
 
10. According to Gauss’s law 
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 6. DDeedduuccee  aann  eexxpprreessssiioonn  ffoorr  tthhee  eeqquuiivvaalleenntt  ccaappaacciittaannccee  ooff  ccaappaacciittoorrss  ccoonnnneecctteedd  iinn  

sseerriieess  aanndd  ppaarraalllleell.. 
 

 

Capacitors in series Capacitors in parallel 

1. C1, C2, C3, capacitors are connected in 
series. Cs is the effective capacitances. 

1. C1, C2, C3, capacitors are connected in 

parallel. CP is the effective capacitances. 

  

3. Charge in each capacitor is same. 3. Potential in each capacitor is same. 

4 .             V = V1 + V2 + V3 4.              q =  q1 + q2 + q3 

5.   5.  

        q = C1V + C2V + C3V 

 

6.  

 

 

6.     q  =  Cp V 

       CPV  =   V (C1 + C2 + C3) 

 

7.  

 

7.  

8. The reciprocal of the effective 

capacitance is equal to the sum of 

reciprocal of the capacitance of the 

individual capacitors. 

8. The effective capacitance of the 

capacitors connected in parallel is the 

sum of the capacitances of the individual 

capacitors. 
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7..  SSttaattee  tthhee  pprriinncciippllee  aanndd  eexxppllaaiinn  tthhee  ccoonnssttrruuccttiioonn  aanndd  wwoorrkkiinngg  ooff  VVaann  ddee  GGrraaaaffff  ggeenneerraattoorr..    

Introduction: Van de Graaff generator is an electrostatic machine which produces large 

electrostatic potential difference of the order of 107 V. 

Principle: electrostatic induction and action of points. 

Construction:  

1. A hollow metallic sphere A is mounted on insulating 

pillars. 

2. A pulley B is mounted at the centre of the sphere.    

3. Pulley C is mounted near the bottom.  

4. A belt made of silk moves over the pulleys.  

5. The pulley C is driven continuously by an electric 

motor. 

6. D and E are comb−shaped conductors.   

7. The comb D is maintained at a positive potential of 

the order of 104 V.   

Working:  

      (i) Action of points:   

1. Because of the high electric field near the comb D, the air gets ionised due to action of 

points. 

2. The negative charges in air move towards the needles  

3. Positive charges are repelled on towards the belt. 

4. The positive charges stick to the belt and move up and reach near the comb E. 

(ii)  Electrostatic induction: 

5. As a result of electrostatic induction, the comb E acquires negative charge and the sphere 

acquires positive charge.  

6. The acquired positive charge is distributed on the outer surface of the sphere. 

7. The high electric field at the comb E ionises the air and neutralises the positive charge.  

Hence the descending belt will be left uncharged. 

Leakage and prevention:  

       8. After reaching maximum charges on the sphere A, it starts leaking to the surrounding due 

to ionisation of the air. 

       9. This can be prevented by enclosing it in a gas filled steel chamber at a very high pressure. 

Uses: 

      10. The high voltage produced in this generator can be used to accelerate positive ions 

(protons, deuterons) for the purpose of nuclear disintegration.    
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Unit: 4: Electromagnetic Induction and Alternating Current 

1. DDiissccuussss  wwiitthh  tthheeoorryy  tthhee  mmeetthhoodd  ooff  iinndduucciinngg  eemmff  iinn  aa  ccooiill  bbyy  cchhaannggiinngg  iittss  oorriieennttaattiioonn  

wwiitthh  rreessppeecctt  ttoo  tthhee  ddiirreeccttiioonn  ooff  tthhee  mmaaggnneettiicc  ffiieelldd..  

  

  

  

  

  

  

  

1. PQRS is a rectangular coil of N turns and area A is rotated clockwise with angular velocity 

ω about an axis perpendicular to the direction of uniform magnetic field B. 

2. φ is the flux linked with the coil at this instant.  φ = NBA cos θ 

3. The induced emf   

 

 

4.    e =  Eo sin ωt    and    Eo = NAB ω 

5. The induced emf e varies sinusoidally with time t and the frequency being ν cycles per second. 

θ  =ωt  Plane of the coil with magnetic field Induced emf (e) 

0 Perpendicular 0 

π/2 Parallel Eo 

π Perpendicular 0 

3π/2 Parallel - Eo 

2π Perpendicular 0 

 

    If the ends of the coil are connected to an external circuit through a resistance R, current flows 

through the circuit, which is also sinusoidal in nature. 
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2.  DDeessccrriibbee  tthhee  pprriinncciippllee,,  ccoonnssttrruuccttiioonn  aanndd  wwoorrkkiinngg  ooff  aa  ssiinnggllee  ––  pphhaassee  aa..cc  ggeenneerraattoorr..  

 Introduction:  The ac generator is a device used for converting mechanical energy into 

electrical energy. 

 Principle:           Electromagnetic induction.  

 Construction: 

Essential Parts: 

    (i)   Armature:  A large number of loops or turns of 

insulated copper wire wound over a laminated soft iron 

core. 

    (ii)  Field magnets:  permanent magnets in the case of low 

power dynamos and electromagnets in the case of high 

power dynamos. 

    (iii)   Slip rings:  The metal rings R1 and R2 connected to the ends of the armature and they 

rotate along with the armature. 

    (iv)  Brushes:  B1 and B2 are two flexible carbon brushes. They provide contact with the slip 

rings and pass on the current from armature to external power. 

     Working:   

 Armature (ABCD) rotates in anticlockwise direction in the magnetic field. 

 Flux changes and emf is induced in the coil. 

 The direction of induced emf is given by Fleming’s right hand rule. 

First half cycle Second half cycle 

1. AB moves downwards 1. AB moves upwards  

2. CD moves upwards 2. CD moves downwards 

3. The current flows in the 

armature along DCBA 

3. The current flows in the armature 

along ABCD 

4. The current flows from B1 to B2 

in the external circuit. 

4. The current flows from B2 to B1 in 

the external circuit. 

 

  Induced emf:  e =  Eo sin ωt    and    Eo = NAB ω   

ω à Angular velocity of the coil 

Eo à Peak value of emf 

BàMagnetic field ,         Nà Number of turns,             Aà Area enclosed in the coil. 
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3. EExxppllaaiinn  tthhee  pprriinncciippllee  ooff  ttrraannssffoorrmmeerr..  DDiissccuussss  iittss  ccoonnssttrruuccttiioonn  aanndd  wwoorrkkiinngg..  

   Introduction:  Transformer is an electrical device used for converting low alternating voltage 

into high alternating voltage and vice versa. It transfers electric power from one circuit to 

another.  

   Principle:  Electromagnetic induction.   

   Construction:  

1. It consists of insulated primary and 

secondary coils wound on a soft iron core. 

2. A laminated iron core is used to minimise 

eddy current. 

3. ES , EP à Emf in the primary and secondary coil 

4. IP , IS   à Currents in the primary and secondary coil 

5. NS , NP à the number of turns in the primary and secondary coil 

Working:  

6. A varying alternating voltage is given to primary coil.  

7. The magnetic flux changes in the primary coil. 

8. Magnetic flux in the secondary coil also changes. An emf is induced in the secondary coils. 

Derivation:   

9.  Flux linked with the primary and secondary coils are equal. The emf induced per turn of the 

two coils must be same. 

                                                                     (OR )                            -------------(1) 

10.  For an ideal transformer, input power = output power 

           EPIP = ES IS         (OR)  

11. From equations (1) and (2)   

      Kà Transformer ratio. 

Efficiency:       η =  

 

Power Losses:    1 . Hysteresis Loss  2. Copper loss    

                              3. Eddy current loss 4. Flux loss 
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4. RR  LL  CC    SSeerriieess  cciirrccuuiitt--  IImmppeeddaannccee  aanndd  pphhaassee  rreellaattiioonnsshhiipp::  

 Let an alternating source of emf e be connected to a series combination of a resistor of 

resistance R, inductor of inductance L and a capacitor of capacitance C. 

 Let the current flowing through the circuit be I.  

 VR  = IR   ( VR and I are in phase) 

 VL   = I XL  (VL leads the current by  ) 

 VC   = I XC  (VC  lags behind the current by  ) 

  VL and VC are 180o out of phase.  

 The circuit is considered as predominantly inductive. 

Effective Voltage: 

 

 

 

Impedance and phase between V and I : 

 

1.  

 

  

Instantaneous Current: 

               φ is the phase angle between the voltage and current . 
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55..  OObbttaaiinn  aann  eexxpprreessssiioonn  ffoorr  tthhee  ccuurrrreenntt  iinn  aann  aacc  cciirrccuuiitt  ccoonnttaaiinniinngg  aa  ppuurree  iinndduuccttaannccee..  FFiinndd  tthhee  

pphhaassee  rreellaattiioonnsshhiipp  bbeettwweeeenn  vvoollttaaggee  aanndd  ccuurrrreenntt..    

  11.. Let an alternating source of emf be applied to a pure inductor of inductance L. A self induced 

emf is generated which opposes the applied voltage. 

 

 

 

 

 

2. The instantaneous value of applied emf   e = Eo sin ωt 

3.  

4. In an ideal inductor circuit induced emf is equal and opposite to the applied voltage. e= -e’ 

5.  

 

 

 

 

 

6.                                                           =   

 

7.  

                                                                           

 

8.                                                                         Here 

9.  Inductive reactance  = Lω ,    Unit: ohm   

10. The voltage across L leads the current by the phase angle of π/2. 

Inductive reactance for a.c and d.c: 

 XL = ωL = 2πν L, where ν is the frequency of the a.c. supply 

 For AC circuit the reactance of the coil increases with increase in frequency. 

 For d.c. ν = 0;  XL = 0 
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66..  OObbttaaiinn  aann  eexxpprreessssiioonn  ffoorr  tthhee  ccuurrrreenntt  iinn  aann  aacc  cciirrccuuiitt  ccoonnttaaiinniinngg  CCaappaacciittaannccee  oonnllyy..  FFiinndd  tthhee  

pphhaassee  rreellaattiioonnsshhiipp  bbeettwweeeenn  vvoollttaaggee  aanndd  ccuurrrreenntt..  

1. An alternating source of emf is connected across a capacitor of capacitance C. 

2. The instantaneous value of applied emf   e = Eo sin ωt 

3. Potential difference across the capacitor = Applied emf 

4. Current   

5.   

 

                                                                                                                           

 

6.   Capacitive reactance XC =                   Unit: Ohm 

7. Current leads the voltage by a phase angle of π/2. 

 8. Capacitive reactance for a.c and d.c: 

                                                                ; ν is the frequency of the a.c. supply.            

 In d.c. circuit ν = 0;                          ; so a capacitor does not allow d.c 

 For an a.c. the capacitive reactance varies inversely to the frequency of a.c .XC α  
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Unit 6. Atomic Physics 

11..  DDeessccrriibbee  tthhee  JJ..JJ..  TThhoommssoonn  mmeetthhoodd  ffoorr  ddeetteerrmmiinniinngg  tthhee  ssppeecciiffiicc  cchhaarrggee  ooff  eelleeccttrroonn..  

 Principle:   cathode rays (electrons) are deflected by electric and magnetic fields. 

Construction:  

 A highly evacuated discharge tube used in this 

experiment. K-cathode, D!, D2  are anode. 

 A thin pencil of cathode ray passes between two 

parallel metal plates P1 and P2 and strike the flat 

face of the tube Q. 

 When a potential difference V is applied between 

P1 and P2, the beam is deflected to point Q1. 

 Uniform magnetic field is produced perpendicular 

to the plane of the paper and outwards. 

Determination of V: 

 Downward force Ee due to the electric field is balanced by the force Bev due to magnetic 

induction.   Ee =  Bev    

Determination of e/m: 

 Now the magnetic induction is switched off. The deflection Q Q1 = y caused by the 

electric field alone is measured. 

 Velocity in the downward direction u = 0  ,acceleration                      and time  

 The deflection produced on the cathode rays along the downward direction is given by: 

          

 

   

 

 Y = K Y1, where K is a constant determined by the geometry of the discharge tube.   

 

                                            

 

   

 

 

 The value of e/m = 1.7592 × 1011 C kg–1 
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2..  SSttaattee  tthhee  ppoossttuullaatteess  ooff  BBoohhrr  aattoomm  mmooddeell..  OObbttaaiinn  tthhee  eexxpprreessssiioonn  ffoorr  tthhee  rraaddiiuuss  ooff  tthhee  nntthh  

oorrbbiitt  ooff  aann  eelleeccttrroonn  bbaasseedd  oonn  BBoohhrr’’ss  tthheeoorryy..                         

Quantization condition.  

 The electrons can revolve round the nucleus only in allowed or permissible orbits.  
 Angular momentum of the electron is an integral multiple of .     

 Frequency condition: 

 An atom radiates energy, only when an electron jumps from a stationary orbit of higher 
energy to an orbit of lower energy.  [hν = E2 – E1 ] 

Explanation: 

 Consider an atom whose nucleus has a positive charge Ze. 
 Z à atomic number. e àcharge of an electron. 

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

 Derivation: 

1. The electrostatic force of attraction F =  

 

2. Centripetal force of an electron F =  

 

3.                                                    (OR) 

 

4.                                                        --------------(3) 

 

 

1.  The angular momentum of an electron in nth orbit is L = m vn rn = mrn
2
ωn 

2. Bohr’s first postulate, the angular momentum of the electron 

3.                                         (OR)   

 

4.                                                        ------------------(4) 

 

 

1. From (3) and (4) 

 

2.   

 

3. For hydrogen atom, Z = 1  ;                                                     ; ratio of radii :      1: 4 : 9 

4. Substituting the known values in the above equation we get, rn = n2 × 0.53 Å 
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33..  EExxppllaaiinn  tthhee  wwoorrkkiinngg  ooff  RRuubbyy  llaasseerr  wwiitthh  nneeaatt  sskkeettcchh..  

  

Construction: 
1) The Ruby laser consists of a single crystal of ruby rod of length 10 cm and 0.8 cm in 

diameter.  

2) A ruby is a crystal of aluminium oxide Al2O3, in which some of aluminium ions (Al3+) are 

replaced by the chromium ions (Cr3+).  

3) The opposite ends of ruby rod are flat and parallel; one end is fully silvered and the other 

is partially silvered (i.e.) semi transparent.  

4) The ruby rod is surrounded by a helical xenon flash tube which provides the pumping 

light to raise the chromium ions to upper energy level.   

 

  Energy level diagram:   
 

 

 

 

 

 

 

 

 

 

 

    
Working: 
   
 Population inversion: 
1) In normal state, most of the chromium ions are in the ground state E1. 

2) Chromium ions are pumped to the excited state E3 by absorbing 5500 Å flash of light. 

3) The excited ion gives up part of its energy to the crystal lattice and decay without giving 

any radiation to the meta stable state E2. 

4) Since, the state E2 has a much longer lifetime (10-3s), the number of ions in this state goes 

on increasing.  

5) Thus population inversion is achieved between the states E2 and E1.  

 

LASER Transition: 

6) When the excited ion from the meta stable state E2 drops down spontaneously to the 

ground state E1, it emits a photon of wavelength 6943 Å.  

7) This photon is reflected back and forth by the silvered ends and emits a fresh photon in 

phase with stimulating photon. It is called amplification by stimulated emission. 

8) Finally, a pulse of red light of wave length 6943 Å emerges through the partially silvered 

end of the crystal. 
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44..  EExxppllaaiinn  tthhee  wwoorrkkiinngg  ooff  HHee−−NNee  llaasseerr  wwiitthh  tthhee  hheellpp  ooff  eenneerrggyy  lleevveell  ddiiaaggrraamm..    

    Construction:  
1. A continuous and intense laser beam can be produced with the help of gas lasers. 

2. He – Ne laser system consists of a quartz discharge tube containing helium and neon in 

the ratio of 1 : 4 at a total pressure of about 1 mm of Hg.  

3. One end of the tube is fitted with a perfectly reflecting mirror and the other end with 

partially reflecting mirror. 

4. 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. 

 
 Working: 

   Population inversion: 
5. When an electric discharge passes through the gas He and Ne atoms are taken in to meta 

stable states of energy 20.61 eV and 20.66 eV.  

6. Some of the excited helium atoms transfer their energy to unexcited Ne atoms by 

collision. 

7. Thus, He atom help in achieving a population inversion in Ne atoms.  

       Laser Transition: 

8. When an excited Ne atom drops down spontaneously from the meta stable state at 

20.66 eV to lower energy state at 18.70 eV, it emits a 6328 Å photon in the visible region. 

9. This photon reflected back and forth by the reflector ends, and emits a fresh 6328 Å 

photon in phase with the stimulating photon.  

10. This stimulated transition from 20.66 eV level to 18.70 eV level is the laser transition. 

       Final Transition: 

11. The output radiations escape from the partially reflecting mirror.  

12. The neon atoms drop down from the 18.70 eV level to lower state E, through 

spontaneous emission emitting incoherent light. 

13. From this level E, the Ne atoms are brought to the ground state through collision with 

the walls of the tube. Hence the final transition is radiation less. 
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55..  DDeessccrriibbee  MMiilllliikkaann’’ss  ooiill  ddrroopp  eexxppeerriimmeenntt  ttoo  ddeetteerrmmiinnee  tthhee  cchhaarrggee  ooff  aann  eelleeccttrroonn..  

        

Principle: 

v This method is based on the study of the motion of uncharged oil drop under free 

fall due to gravity and charged oil drop in a uniform electric field.  

v By adjusting uniform electric field suitably, a charged oil drop can be made to move up 

or down or even kept balanced in the field of view for sufficiently long time and a 

series of observations can be made. 

Experimental arrangement: 

1. The apparatus consists of two horizontal circular metal plates A and B, about 22 cm 

in diameter and separated by a distance of about 16 mm. 

2. The upper plate has a hole (H) in the middle.  

3. These plates are held together by insulating rods. The plates are surrounded by a 

constant temperature bath D and the chamber C containing dry air 

4. The plates are connected to a battery which can provide a potential difference of 

the order of 10000 V. 

Theory: 

1. A spray of fine droplets of a highly viscous liquid (such as glycerine) is produced by 

means of an atomiser (AT) near the hole H and enter the space between A and B.  

2. The droplets are illuminated by an arc lamp L and are seen through a microscope 

whose eyepiece is provided with a micrometer scale. 

3. One such droplet is viewed through the microscope as it descends under gravity.  

4. The viscous force due to air increases and soon it attains a constant terminal 

velocity and let it be v.   
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(i) Motion under gravity: 
The gravitational force acting on the oil drop downwards   = 4/3 a

3  g 

 aà   radius of the oil drop,  

  àdensity of the oil  

 gà the acceleration due to gravity. 

 The upthrust experienced by the oil drop due to the displaced air =4/3 a
3  g 

 σ à is the density of air. 

  The net downward force acting on the oil drop = weight of the oil drop – 

upthrust experienced by the oil drop. 

= 4/3 a
3  g –  4/3 a

3  g 

= 4/3 a
3  [  – ] g               …………………………………………(1) 

  
 The net downward force acting on the oil drop is equal to the viscous force {6 a v} 
acting opposite to the direction of motion of the oil drop. 
           4/3 a

3  [  – ] g = 6 a v   …………………………………………(2) 
 
      ………………………………………….(3) 
 
 
 
(ii) Motion under electric field: 

 The air inside the parallel plates is ionized by sending a beam of X-rays. The 

droplets pickup one or more electrons from the ionized air. 

            q à   charge carried by the droplet  

 Eà  electric field applied between the plates A and B 

 v1à terminal velocity. 

Since the velocity of the droplet is uniform, 

 Eq =4/3 a
3  [  – ] g + 6 a v1    

 Eq - 4/3 a
3  [  – ] g = 6 a v1   ……………………………………..(4) 

Adding equations (2) and (4), 

 Eq=6 a (v+v1)        ……………………………………………………………(5) 

Substituting the value of a in equation (5) from equation (3), 

 

                                                                     ……………………………………(6) 

 

 If V is the potential difference between A and B, d is the distance between them, then E =V/d. 

 The charge of an electron was found to be 1.602 × 10-19 coulomb.    
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8. NUCLEAR PHYSICS 

11..  DDiissccuussss  tthhee  pprriinncciippllee  aanndd  aaccttiioonn  ooff  aa  BBaaiinnbbrriiddggee  mmaassss  ssppeeccttrroommeetteerr  ttoo  ddeetteerrmmiinnee  tthhee  

iissoottooppiicc  mmaasssseess..  

    Introduction: Bainbridge mass spectrometer is an instrument used for the accurate   

determination of atomic masses. 

   Construction and Working: 

1. A beam of positive ions produced in a discharge tube is collimated into a fine beam by 

two narrow slits S1 and S2.  

2. This fine beam enters into a velocity selector. The velocity selector allows the ions of a 

particular velocity to come out of it. 

3. The velocity selector consists of two plane parallel plates P1 and P2, which produces a 

uniform electric field E and an electromagnet, to produce uniform magnetic field B.  

4. The electric field and magnetic field are so adjusted that the deflection produced by one 

field is nullified by the other. 

                          qE = Bev   (OR) v = E/B 

   Effect of Magnetic field B’: 

5. Only those ions having this velocity v, pass out of the velocity selector and then through 

the slit S3, to enter the evacuated chamber D.  

6. These positive ions are subjected to another strong uniform magnetic field of induction 

B′ at right angles to the plane of the paper acting inwards.  

7. These ions are deflected along circular path of radius R and strike the photographic plate.   

                                                         (OR) 

 

8.       Substituting v = E/B    

 

Measurement of R:                                               

9. Ions with different masses trace semi-circular paths of 

different radii and produce dark lines on the plate.  

10. The distance between the opening of the chamber and 

the position of the dark line gives the diameter 2R 

from which radius R can be calculated. 
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22..  OObbttaaiinn  aann  eexxpprreessssiioonn  ttoo  ddeedduuccee  tthhee  aammoouunntt  ooff  tthhee  rraaddiiooaaccttiivvee  ssuubbssttaannccee  pprreesseenntt  aatt  

aannyy  mmoommeenntt..  OObbttaaiinn  tthhee  rreellaattiioonn  bbeettwweeeenn  hhaallff  lliiffee  ppeerriioodd  aanndd  ddeeccaayy  ccoonnssttaanntt..    

Statement: The rate of disintegration at any instant is directly proportional to the number of 
atoms of the element present at that instant. 

 N0 à  Number of radioactive atoms present initially. 
 N à  Number of atoms at a given instant t.  

 dN à number of atoms undergoing disintegration in a small interval of time dt.  
 λ à decay constant 
v The  rate of disintegration is 

 
                                                 ---------------------------------(1) 
 
                                                        (OR)  
  

v Integrating,     loge N = – λt + C  -------------------(2) 

 

                        At  t = 0,   N = N0                      loge No = C 

v Substituting for C, equation (2) becomes 

                        loge N = −λt + loge N0 

                                                                  (OR)     

                                                                   

                            

v The number of atoms of a radioactive substance decreases exponentially with increase in 

time. 

v Theoretically, 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. 

 

 

 

 

 

 

v The half life period is inversely proportional to its decay constant. 

v The half life and mean life(τ) are related as 
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3 .EExxppllaaiinn  tthhee  ccoonnssttrruuccttiioonn  aanndd  wwoorrkkiinngg  ooff  aa  GGeeiiggeerr−−MMuulllleerr  CCoouunntteerr..  

Introduction: Geiger – Muller counter is used to measure the intensity of the radioactive 

radiation. 

Principle: When nuclear radiations pass through gas, ionisation is produced. This is the principle 
of this device. 

Construction: 

1. A metal tube with glass envelope (C) act as cathode. 

2. A fine tungsten wire (W) along the axis of the tube acts as anode. 

3. The tube is filled with an inert gas like argon at a low pressure. 

4. One end is fitted with a thin mica sheet and this end acts as a window through which 

radiations enter the tube. 

5. 1000 V is applied between electrodes through a high resistance 100 mega ohm. 

Working: 

v An ionising radiation enters the counter. 

v Primary ionisation takes place and a few ions are produced. 

v Due to high potential difference ions get greater energy and cause further ionisation. 

v An avalanche of electrons is produced in a short interval of time. 

v This avalanche of electrons on reaching the anode generates a current pulse. 

v The current when passing through R develops a potential difference. 

v This is amplified by electronic circuits and is used to operate an electronic counter. 

v The counts in the counter is directly proportional to the intensity of the ionising 

radiation. 

Draw back: 

D The ionisation of the gas is independent of 

the type of the incident radiation. 

D G.M. counter does not distinguish the 

type of radiation that enters the chamber. 

 

 

 

 

www.nammakalvi.weebly.com



Simplified 10 mark Answers 

 

221 

44.. WWhhaatt  aarree  ccoossmmiicc  rraayyss??  EExxppllaaiinn  tthhee  llaattiittuuddee  eeffffeecctt  ooff  ccoossmmiicc  rraayyss..  EExxppllaaiinn  hhooww  tthhee  

iinntteennssiittyy  ooff  tthhee  ccoossmmiicc  rraayyss  cchhaannggeess  wwiitthh  aallttiittuuddee..  

Cosmic Rays:  The ionising radiation many times stronger than γ-rays entering the earth from all 

the directions from cosmic or interstellar space is known as cosmic rays.  

 Primary and secondary cosmic rays. 

 The primary cosmic rays consist of 90% protons, 9% helium nuclei and remaining 

heavy nuclei. The energy is in the order 108 MeV.  

 Secondary cosmic ray consists of α-particles, protons, electrons, positrons, 

mesons, photons, etc. in different proportions. 

Latitude effect: The variation of cosmic ray intensity with geomagnetic latitude is known as 

latitude effect. 

v Intensity is maximum at the poles (θ = 90
0),  

v minimum at the equator (θ = 0)  

v Constant between latitudes of 420 and 900.  

 

 

 

 

 

 

 

 

v The change in cosmic ray intensity is due to the earth’s magnetic field. 

v In poles the direction of charged particles and earth’s magnetic field are in same. So they 

experience no force and reach the surface of earth. 

v In equator the direction of charged particles is perpendicular to earth’s magnetic field so 

they deflected away. 

Altitude effect:  

v The study of variation of cosmic ray intensity (I) with altitude (h) is known as altitude 

effect. The intensity increases with altitude and reaches a maximum at a height of about 

20 km.  

v Above this height there is a fall in intensity. The experimental results are similar at 

different places of the earth. 
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55..  WWhhaatt  iiss  aa  nnuucclleeaarr  rreeaaccttoorr??  EExxppllaaiinn  tthhee  ffuunnccttiioonn  ooff  vvaarriioouuss  ppaarrttss..  GGiivvee  iittss  uusseess..      

Introduction: A nuclear reactor is a device in which the nuclear fission reaction takes place in a 

self sustained and controlled manner. 

Uses:  

ü Nuclear reactors are mostly aimed at power production. 

ü Nuclear reactors are useful to produce radio-isotopes.  

ü Nuclear reactor acts as a source of neutrons, hence used in the scientific research. 

Fissile material or fuel:  

 92U235 , U233 and Pu239 are used as fuel.  

 In pressurised heavy water reactors natural uranium oxide is used. 

Moderator: 

ü It is used to slow down fast neutrons [2 MeV to 0.025 eV]. 

ü The moderator is present in the space between the fuel rods in a channel. 

ü Eg: Ordinary water, heavy water and Graphite. 

Neutron source: 

 Neutron is required to initiate the fission chain reaction for the first time. 

 Eg: A mixture of beryllium with plutonium or radium or polonium. 

Control rods:  

ü The control rods are used to control the chain reaction.  

ü They are very good absorbers of neutrons. 

ü The control rods are inserted into the core and they pass through the space in between 

the fuel tubes and through the moderator. 

ü Eg: Boron , cadmium boron carbide 

The cooling system: 
 The cooling system removes the heat generated in the reactor core. 

 A good coolant must possess large specific heat capacity and high boiling point. 

 Eg: Ordinary water, heavy water and liquid sodium [Boiling point : 1000o C]. 

Neutron reflectors: 

 Neutron reflectors prevent the leakage of neutrons. 

 In pressurised heavy water reactors the moderator itself acts as the reflector. 

 In the fast breeder reactors depleted uranium is used. 

Shielding: 

 As a protection against the harmful radiations, the reactor is surrounded by a concrete 

wall of thickness about 2 to 2.5 m. 
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Other Important Questions 
1. Explain in detail the principle, construction, working and limitation of a cyclotron 

with neat diagram. 

Introduction: Cyclotron is a device used to accelerate charged particles to high energies. 

Principle:       A charged particle moving normal to a magnetic field experiences magnetic lorentz 
force due to which the particle moves in a circular path. 

Construction:    

 A hollow metal cylinder divided into two sections D1 and D2 called Dees.  

 They are placed between the pole pieces of a strong electromagnet.  

 The Dees are connected to a high frequency oscillator. 

Working:  

v A positive ion of charge q and mass m is emitted from the source. 

v It is accelerated towards the Dee having a negative potential at that instant of time. 

v The ion experiences magnetic lorentz force and moves in a circular path. 

v When the ion arrives at the gap the polarities of the dees get reversed. 

v Hence the particle moves into the other Dee with a greater velocity  

v It moves in a spiral path of increasing radius, it hits a deflector plate (D.P). 

Derivation:  Magnetic Lorentz force provides the necessary centripetal force. 

                                                         (OR)                                                              _____(1) 

 The time taken to describe a semi-circle: 

                                                         (OR)  

 The time taken by the ion t describe a semi-circle is independent of   (i) the radius (r) of 

the path and (ii) the velocity (v) of the particle 

 Period of rotation T = 2t    

 

 The frequency of rotation of the particle, 

 

Limitation:  

D Electrons cannot be accelerated by cyclotron. 
D Maintaining a uniform magnetic field over a large area of the Dees is difficult. 
D  Variation of mass of the particle upsets the resonance condition. 
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2. Derive an expression for magnetic induction due to infinitely long straight conductor 

carrying current. 

      Explanation: 

v XY is an infinitely long straight conductor carrying a current I 

v P is a point at a distance a from the conductor. AB is a small element of length dl. 

v θ is the angle between the current element I dl and the line joining the element dl and 

the point P. 

 According to Biot- Savart law,  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

www.nammakalvi.weebly.com



Simplified 10 mark Answers 

 

225 

3. Derive an expression for Force on a current carrying conductor placed in a magnetic field. 

 

 Explanation: 

 The conductor PQ of length l is placed in a uniform 

magnetic field at angle θ. 

 A current I flows along PQ. Vd à drift velocity of 

electron. 

 n is the number of free electrons per unit volume.  

Derivation: 

v The current is        I = n A vd e 

  

 

v The magnetic lorentz force on a moving electron  

v  The number of free electrons in the conductor N = n A l 

v The magnetic lorentz force on all the moving free electrons  

  

 

 

 

 

Magnitude of force:     F = B I l sin θ 

(i) θ = 0
o :  force F = 0.             (ii)     θ = 90

o, F = BIl. 

 

Direction of force:      Fleming’s Left Hand Rule. 

The forefinger, the middle finger and the thumb of the left hand are stretched in mutually 

perpendicular directions. 

v Forefinger à magnetic field,  

v Middle finger à current,  

v Thumb points in the direction of the force on the conductor. 
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4. Explain the Raman scattering of light. 

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. 

v The lines having frequencies lower than the incident frequency are called Stoke’s lines  

v The lines having frequencies higher than the incident frequency are called Anti−stokes lines. 

Stokes line: If a photon strikes an atom or a molecule in a liquid, part of the energy of the 

incident photon may be used to excite the atom of the liquid and the rest is scattered. 

The spectral line will have lower frequency and it is called stokes line. 

Anti−stoke’s line: If a photon strikes an atom or a molecule in a liquid, which is in an excited 

state, the scattered photon gains energy. The spectral line will have higher frequency 

and it is called Anti−stoke’s line. 

Rayleigh line: when a light photon strikes atoms or molecules, photons may be scattered 

elastically. Then the photons neither gain nor lose energy. The spectral line will have 

unmodified frequency. 

Raman Shift :    Δν = νO − νS   where νo is the frequency of incident radiation.                                     

νS  is the frequency of scattered radiation. 

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

v The Raman shift does not depend upon the frequency of the incident light but it is the 

characteristic of the substance producing Raman effect. 

v The intensity of Stoke’s line is always greater than the corresponding Anti−stoke’s Line. 
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55..  DDeerriivvee  aann  eexxpprreessssiioonn  ffoorr  bbaannddwwiiddtthh  ooff  iinntteerrffeerreennccee  ffrriinnggeess  iinn  YYoouunngg’’ss  ddoouubbllee  sslliitt  

eexxppeerriimmeenntt..    

Explanation: 

v Let d be the distance between two coherent sources A and B of wavelength λ.  
v A screen XY is placed parallel to AB at a distance D from the coherent sources. 
v P is a point at a distance x from O. C is the midpoint of AB 

v Waves from A and B meet at P in phase or out of phase depending upon the path 

difference between two waves..   

Diagram: 

 

 

 

 

 

 

Path Difference: 

v The path difference δ = BP – AP 

v δ = BP – AP = BP – MP = BM              [AP = MP] 

v In right angled Δ ABM, BM = d sin θ                      { If θ is small, sin θ = θ} 

v  The path difference δ = θ.d 

v In right angled triangle COP, tan θ =                             {small values of θ, tan θ = θ} 

 

 

 

Condition for Bright fringes:   The path difference = nλ                                         

                                                   

                                                                                                   Where n = 0,1,2  .. 

                                                                                                        

Condition for Dark fringes:   The path difference =  

 

                                                                                                        where n = 1,2,3.. 

 

Band width (β): The distance between any two consecutive bright or dark bands is called 

bandwidth. 

The distance between (n+1)th and nth order consecutive bright fringes from O is given by 
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66..  EExxppllaaiinn  eemmiissssiioonn  aanndd  aabbssoorrppttiioonn  ssppeeccttrraa..  

  Emission spectra: 

        When the light emitted directly from a source is examined with a spectrometer, the 

emission spectrum is obtained. Every source has its own characteristic emission spectrum.  

1. Continuous emission spectrum: 

ü It consists of unbroken luminous bands of all wavelengths containing all the colours from 

violet to red. 

ü Eg: Incandescent solids, liquids, Carbon arc, electric filament lamps etc,   

 2. Line emission spectrum: 

ü Line spectra are sharp lines of definite wavelengths. It is the characteristic of the emitting 

substance. It is used to identify the gas. 

ü Eg: Atoms in the gaseous state, sodium in sodium vapour lamp 

3. Band emission Spectrum: 

ü It consists of a number of bright bands with a sharp edge at one end but fading out at 

the other end. 

ü Eg: Calcium or Barium salts in a bunsen flame. 

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. It is 

the characteristic of the absorbing substance. 

 1. Continuous absorption spectrum:  

ü A pure green glass plate when placed in the path of white light, absorbs everything 

except green and gives continuous absorption spectrum. 

2. Line absorption spectrum: 

ü Light from the carbon arc is made to pass through sodium vapour. 

ü Then examined by a spectrometer, a continuous spectrum of carbon arc with two dark 

lines in the yellow region is obtained. 

3. Band absorption spectrum: 

ü If white light is allowed to pass through iodine vapour or dilute solution of blood  or 

solutions of organic and inorganic compounds, dark bands on continuous bright 

background are obtained. 

https://narayananphysics.wordpress.com/



Simplified 10 mark Answers 

 

229 

77..  WWhhaatt  iiss  rreeccttiiffiiccaattiioonn??  EExxppllaaiinn  tthhee  wwoorrkkiinngg  ooff  bbrriiddggee  rreeccttiiffiieerr..        

 
   Rectification: The process in which alternating voltage or alternating current is converted into 

direct voltage or direct current is known as rectification. 

 
  Diagram: 
 
 
 
 
 
 
 
 
 
 
Construction: 

v Four diodes D1, D2, D3 and D4 are connected in the form a network.  
v The input ends A and C are connected to the secondary ends S1 and S2 of the 

transformer.  
v The output ends B and D are connected to the load resistance RL. 

 Working:  
 

Positive Half Cycle Negative Half Cycle 

1. D1 and D3 are forward biased and conduct. 

2. D2 and D4are reverse biased and do not 

conduct. 

3.Current flows along S1ABDCS2 through RL 

1.  D2 and D4 are forward biased and conduct. 

2. D1 and D3are reverse biased and do not 

conduct. 

3. Current flows along S2CBDAS1 through RL. 

 
v Current flows through RL in the same direction, during both half cycles of the input a.c. 

signals. 
v The efficiency of the bridge rectifier is approximately 81.2%. 

Input and output wave form: 
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8.Make an analysis of Amplitude Modulated wave with the help of frequency spectrum.  

v A carrier wave may be represented as : eC = EC cos ωct 

v The modulating signal may be represented as: eS = ES cosωSt 

v ec , Ec and ωc represent the instantaneous voltage, amplitude and angular frequency of 

the carrier wave.[ similarly es , Es and ωs for carrier wave] 

v amplitude modulated wave is: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Frequency spectrum: 

 

v LSB and USB are located ωS interval 

from carrier amplitude. 

v The magnitude of both the upper and 

lower side bands is  times the carrier 

amplitude Ec. 

v If the modulation factor m is equal to 

unity, then each side band has 

amplitude equal to half of the carrier amplitude. 
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9. With the help of block diagram, explain the functions of various units in the 

monochrome television transmission.   

(i)Introduction: 

 The functional block diagram can be broadly divided into two sections: (i) An amplitude modulated 

transmitter is used for video modulation.  (ii) Frequency modulated transmitter is used for audio 

modulation.  

 (ii)Scanning and synchronizing  circuits: 

1. They  produce sets of pulses for providing synchronising pulses for proper functioning of the TV 

system.  

2. This timing unit contains number of wave generating and wave shaping circuits.  

3. The repetition rate of its various output pulse trains is controlled by a frequency stabilised master 

oscillator. 

(iii) Video modulation: 

4. The image signals together with the synchronising and blanking pulses are raised to a level 

suitable for modulating the RF carrier wave generated in the RF channel.  

5. The allotted picture carrier frequency is generated by the crystal controlled oscillator.  

6. The continuous wave output is given large amplification before feeding to the power amplifier. 
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7. In the modulator, its amplitude is made to vary in accordance with the modulating signal 

received from the modulating amplifier. 

(iv) Audio modulation:  

8. The microphone converts the sound associated with the picture into proportionate electrical 

signal.  

9. The audio signal from the microphone after amplification is frequency modulated. 

 (v) Transmission section: 

10. The output of the sound FM transmitter is finally combined with the AM picture 

transmitter output, through a combining network and fed to a common antenna for 

radiation of energy in the form of electromagnetic waves. 

 

1100..  WWiitthh  tthhee  hheellpp  ooff  bblloocckk  ddiiaaggrraamm,,  eexxppllaaiinn  tthhee  ffuunnccttiioonnaall  bblloocckk  ddiiaaggrraamm  ooff  aa  

mmoonnoocchhrroommee  TTVV  rreecceeiivveerr..      

 (i)Antenna: 

The receiving antenna intercepts radiated RF signals and the tuner selects the desired channel 

frequency band. 
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(ii)RF section:  

1. The antenna provides RF picture and sound signals for the RF amplifier stage. The RF 

amplifier stage is then coupled into the mixer stage. The mixture is connected to the local 

oscillator.  

2. The RF audio and video signals are heterodyned into intermediate frequency by the 

mixer and local oscillator.  

3. The RF amplifier, mixer and local oscillator stages are combinely called as the RF tuner. 

(iii)Common IF amplifier:  

4. The output signal from the tuner circuit is amplified by using a common IF amplifier. 

 (iv)Detector: 

5. The video and audio components are separated by a detector. 

 

(v)Reproduction of sound: 

6. The sound signals are detected from FM waves, amplified and then fed into the loud 

speaker, which reproduce the sound. 

 

(vi)Reproduction of video:  

7. Detector separates the picture signal from the synchronising pulses.  

8. The line synchronising pulses and the frame synchronising pulses are fed into the 

horizontal and vertical deflector plates of the picture tube.  

9. The blanking pulses are given to the control grid of the electron gun of the picture tube. 

 

(vii)Picture formation: 

10. The picture signals are applied to the filament of the electron gun of the picture tube.  

11. According to the variations of potential in the picture, electrons are emitted from the 

electron gun.  

12. Thus, the intensity of the fluorescent screen of the picture tube is in accordance with the 

variation of potential in the picture and the picture is reproduced. 
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