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CHAPTER 8  

ELECTROMAGNETIC WAVES 

GIST OF LESSON: 
 

Electromagnetic wave (E M Waves) : -  

The electromagnetic waves are those waves in which there are sinusoidal variations of electric and magnetic 

field vectors at right angles to each other as well as right angles to the direction of wave propagation. It means 

electromagnetic waves are transverse in nature. 

 

 

Properties/Characteristics of electromagnetic waves: 

(1) E. M. waves are produced by accelerated charged particles. For example an oscillating charge, a charge 

moving in a circular orbit. 

(2) E.M. waves are transverse in nature i,e, Electric & magnetic fields are oscillate perpendicular to each other 
as well as perpendicular to the direction of propagation of the wave. 
(3) The amplitudes of the electric and magnetic fields in free space or vacuum are related with each other 
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(4) The electromagnetic waves do not require any material medium for their propagation. These waves can 
propagate in vacuum as well as in a medium. 
(5)  All electromagnetic waves travel in free space or vacuum with a speed 3X108 m/s and it is given by the 

relation smc
oo

/103
1 8=
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(6) The velocity of electromagnetic waves in a material medium is less than c = 3X108 m/s and is given by


=



1
c  

v = 1 / √με  
   = 1 / √μ0μrε0εr  
   = 1 / √μr εr√μ0ε0 
   = c / √μr εr  = c/μ 



(7) The EM waves are not deflected by electric and magnetic fields because these waves are uncharged. 
(8) The electric field vector is responsible for optical effects of an EM waves and is called light vector as E0 ˃˃ B0 . 
(9) In EM waves, the oscillations of electric field and magnetic field are in the same phase. 
(10) The cross product EXB always tells the direction in which the wave travels i.e. gives the direction of wave 
propagation. 

(11) E.M. waves carry momentum & exert a radiation pressure

 
(12) The EM waves obey principle of superposition. 
(13) E.M. waves carry energy, which is shared equally by electric and magnetic fields. 
(14) The velocity of electromagnetic waves depends entirely on the electric and magnetic properties the 
medium in which they travel and is independent of the amplitude of field vectors.. 

Electromagnetic spectrum :- 

It is the orderly distribution/classification of electromagnetic waves according to their wavelength or frequency. 

S.No. Type Wavelength range(λ) Visible Spectrum   Decreasing 
 Order of 
wavelength 
      OR 
Increasing 
order of 
frequency  
 

1 Radiowaves ˃0.1m  Red 

2 Microwaves 0.1m to 1mm Orange 

3 Infra -red rays 1mm to 700nm   Yellow 

4 Visible light 700nm to 400nm   Green 

5 Ultra-Voilet rays 400nm to 1nm   Blue 

6 X-rays 1nm to 10-3nm   Indigo 

7 Gamma(γ) rays  ˂10-3nm  Violet 

Note : - 1mm = 10-3m and 1nm = 10-9m 
For frequency range using following relation c = νλ 

1. Radiowaves  
Production  
Radiowaves are produced by accelerated motion of charges in conducting wire or oscillating circuits. 

Uses/Applications  
(i) In radio and television communication systems 
(ii) In radio astronomy. 
(iii) Radiowaves are used by a F.M. radio station for broadcasting 

Frequency range/bands service 

530KHz to 1710KHz AM( Amplitude Modulated) band 

1710KHz to 54MHz Short wave AM band 

88MHz to 108MHz FM(Frequency Modulated) radio 

54MHz to 890MHz TV waves 

840MHz to 935MHz Cellular phones 

 
2. Microwaves 

Production 
Microwaves are produced by special vacuum tubes (called Klystron, Magnetrons and Gunn diodes) 



Applications/uses 
 
(i) Due to short wavelength, microwaves have high penetrating power with respect to atmosphere and 

are not diffracted by the obstacle in the path of their propagation. 
(ii) In a microwave oven, frequency of microwaves matches the resonant frequency of water molecules 

for heating (about 3 GHz), so that the energy from the waves is transferred efficiently to the kinetic 
energy of the molecules. This raises the temperature of any food containing water. 

(iii) are used in satellite communication/in radar and geostationary satellite. 
(iv) are used for radar systems used in aircraft navigation’ 
(v) microwaves because they go straight and are not absorbed by the atmosphere 

3. Infrared Rays 
Infrared waves are sometimes referred to as heat waves/radiations because they produces intense 
heating effect. Snakes can detect IR rays. 
Production- 
IR rays are produced by hot bodies and molecules (vibration of atom or molecules). 
Applications/uses 

(i) Infrared lamps are used in physical therapy i.e. to treat muscular strain  
(ii) used in haze photography i.e. for taking photograph during the conditions of fog, smoke rain etc. 
because IR rays are less scattered than visible light by atmospheric particles. 
(iii) used in remote control of T.V.& V.C.D.  
(iv) used in weather forecasting through IR photography.  
(v) used in greenhouse effect  
(vi) Infrared detectors are used in Earth’s satellites  both for military purposes and to observe growth of 
crops. 
(vii) used in solar cell, solar water heater & solar cooker  
(viii) used in checking of purity of chemicals  
(ix) used in revealing of secret writings on ancient walls  
(x) used in producing dehydrated fruits 

4. Visible light 
Uses/Applications 
(i) it produces the sense of vision  
(ii) it provides the information about the world  
(iii) it can cause chemical reactions 
(iv) used in photography to take the picture of objects. 
(v) used in optical instruments 

5. Ultraviolet rays(UV) rays 
Production -The UV rays are produced by Sun, special lamps and very hot bodies. Most of the UV rays 
coming from the Sun are absorbed by ozone layer. 
UV radiations is absorbed by ordinary glass. Hence, one cannot get tanned or sunburn through glass 
windows. 
Welders wear special glass googles or face masks with glass windows to protect their eyes from large 
amount of UV rays produced by welding arcs. 
Uses/Applications 
(i) Infrared lamps are used in physical therapy i.e. to treat muscular strain  
(ii) used in haze photography i.e. for taking photograph during the conditions of fog, smoke rain etc. 
because IR rays are less scattered than visible light by atmospheric particles. 
(iii) used in remote control of T.V.& V.C.D.  



(iv) used in weather forecasting through IR photography.  
(v) used in greenhouse effect  
(vi) used in solar cell, solar water heater & solar cooker  
(vii) used in checking of purity of chemicals  
(viii) used in revealing of secret writings on ancient walls  
(ix) used in producing dehydrated fruits 

6. X-Rays 
Production-  
The x-rays are produced when high energy electrons bombard a metal target of high atomic number. 
Applications/Uses 
(i) used as diagnostic tool in medicine like to take the picture of internal organ of human body for the 
detection fractures in bones because X- rays can pass through flesh but not through bones. 
(ii) used in studying crystal structure because X-rays can be reflected diffracted by crystals.  
(iii) used in radiotherapy to care untraceable diseases and malignant growths.  
(iv) structure used in detecting faults, cracks, haws & holes in metal sheets  
(v) used in detecting pearls,oysters etc  
(vi) used in detecting explosives etc  
(vii) used in treatment of certain form of cancer. 

7. Gamma (γ) Rays 
Production- 
Radioactive decay of the nucleus i.e. nuclear origin. 

Uses/Applications 

(i) used in treatment of cancer & tumour.  
(ii) used in nuclear reactions.  
(iii) used in study the structure of atomic nuclei. 
(iv) used to preserve food stuffs for a long time because soft γ -rays can kill micro-organisms.  
(v) used in detecting flaws in metal castings.  
(vi) used in manufacturing of polythylene from ethylene. 

 
ELECTROMAGNETIC SPECTRUM: 

Type of 
radiation  

  

 

Properties Uses/Applications 

Radiowaves 
Production-  
Radiowaves 
are produced 
by accelerated 
motion of 
charges in 
conducting 
wire or 
oscillating 
circuits. 
 

Obeys laws of refraction & 
reflection  
 

 

(i)In radio and television communication systems 
(ii)In radio astronomy. 
(iii)Radiowaves are used by a F.M. radio station for 
broadcasting 

Frequency 
range/bands 

service 

530KHz to 1710KHz AM( Amplitude Modulated) band 

1710KHz to 54MHz Short wave AM band 

88MHz to 108MHz FM(Frequency Modulated) radio 

54MHz to 890MHz TV waves 

840MHz to 935MHz Cellular phones 
 

Microwaves 
Production- 

(i) produce heat when absorbed 
 by matter  

(i) used in radar system for aircraft navigation because they 
have good directional property due to their short 
wavelength.  



Microwaves 
are produced 
by special 
vacuum tubes 
(called 
Klystron, 
Magnetrons 
and Gunn 
diodes)  
 

(ii) obeys laws of reflection & 
refraction  
 

 

(ii) used in long distance communication system via 
geostationary satellite  
(iii) used in cooking (microwave oven). In such ovens, the 
frequency of the microwaves is selected to match the 
resonant frequency of water molecules so that energy from 
waves is transferred efficiently to kinetic energy of the 
molecules. This rises the temperature of any food containing 
water. 
(iv) used in detecting the speed of cricket ball, tennis ball, 
speed of vehicles etc.  
(v) used in study of atomic & molecular structure  

Infrared Rays 
Production- 
IR rays are 
produced by 
hot bodies and 
molecules 
(vibration of 
atom or 
molecules). 

(i) Infrared waves are sometimes 
referred to as heat 
waves/radiations because they 
produce intensive heating effect 
(ii) Snakes can detect IR rays.  
(iii) raise the temperature of the 
object on which they fall  
(iv) affect photographic plate  
(v) absorbed by most of the 
materials  
 

(i) Infrared lamps are used in physical therapy i.e. to treat 
muscular strain  
(ii) used in haze photography i.e. for taking photograph 
during the conditions of fog, smoke rain etc. because IR rays 
are less scattered than visible light by atmospheric particles. 
(iii) used in remote control of T.V.& V.C.D.  
(iv) used in weather forecasting through IR photography.  
(v) used in greenhouse effect  
(vi) Infrared detectors are used in Earth’s satellites both for 
military purposes and to observe growth of crops. 
(vii) used in solar cell, solar water heater & solar cooker  
(viii) used in checking of purity of chemicals  
(ix) used in revealing of secret writings on  
ancient walls  
(x) used in producing dehydrated fruits 

Visible Light (i) shows the phenomenon of 
reflection, refraction  
(ii)shows the phenomenon of 
interference, diffraction, 
polarization etc.  
 

(i) it produces the sense of vision  
(ii) it provides the information about the world  
(iii) it can cause chemical reactions 
(iv) used in photography to take the picture of objects. 
(v) used in optical instruments 
 

Ultraviolet 
Rays 
`Production -
The UV rays 
are produced 
by Sun, special 
lamps and very 
hot bodies. 

(i) Most of the UV rays coming 
from the Sun are absorbed by 
ozone layer. 
(ii) Welders wear special glass 
googles or face masks with glass 
windows to protect their eyes 
from large amount of UV rays 
produced by welding arcs. 
(iii) cause fluorescence in certain 
materials  
(iv) when allowed to fall on metal 
can cause emission of electrons  
(v) cause skin cancer when 
exposed to them  

(i) UV lamps are used to kill germs in water purifiers. 
(ii) used in destroying bacteria & sterlizing surgical 
instruments  
(iii) used in LASIK (Laser Assisted in Situ Keratomileusis) eye 
surgery because UV radiations can be focused into very 
narrow beams for high precision applications. 
(iv) used in preserving food stuff  
(v) used in burglar alarm 
(vi) used in checking mineral samples  
(vii) used to check forged documents in the forensic labs  
(viii) used in studying arrangement of electrons in outermost 
cell  
(ix) in study of molecular Structure. 
(x) can cause ionisation & promote chemical reaction 



X-Rays 
Production-  
The x-rays are 
produced 
when high 
energy 
electrons 
bombard a 
metal target of 
high atomic 
number. 

(i) ionize the gas through which 
they pass  
(ii) affect photographic plate very 
intensely  
(iii) not deflected by electric & 
magnetic fields  
(iv) produce injurious effect on 
human body  

(i) used as diagnostic tool in medicine like to take the picture 
of internal organ of human body for the detection fractures 
in bones because X- rays can pass through flesh but not 
through bones. 
(ii) used in studying crystal structure because X-rays can be 
reflected diffracted by crystals.  
(iii) used in radiotherapy to care untraceable diseases and 
malignant growths.  
(iv) structure used in detecting faults, cracks, haws & holes in 
metal sheets  
(v) used in detecting pearls,oysters etc  
(vi) used in detecting explosives etc  
(vii) used in treatment of certain form of cancer. 

(Gamma)   
 γ -Rays 
Production- 
Radioactive 
decay 
of the nucleus 
i.e.nuclear 
origin 

(i) have highest penetrating 
power, but very small ionizing 
power  
(ii) affect photographic plate  
(iii) not deflected by electric & 
magnetic fields  
(iv) produce heating effect  

(i) used in treatment of cancer & tumour.  
(ii) used in nuclear reactions.  
(iii) used in study the structure of atomic nuclei. 
(iv) used to preserve food stuffs for a long time because soft 
γ -rays can kill micro-organisms.  
(v) used in detecting flaws in metal castings.  
(vi) used in manufacturing of polythylene from ethylene. 

 



CASE STUDY QUESTIONS: 

Q1. In an electromagnetic wave both the electric and magnetic fields are perpendicular to the 

direction of propagation, that is why electromagnetic waves are transverse in nature. 

Electromagnetic waves carry energy as they travel through space and this energy is shared 

equally by the electric and magnetic fields. Energy density of an EM wave is the energy in unit 

volume of the space through which the wave travels. 

(i) The EM Waves propagated perpendicular to both �⃗�  𝑎𝑛𝑑 �⃗� . The EM Waves travel in the 

direction of 

(a) �⃗�  . �⃗�   (b) �⃗�  𝑋 �⃗�   (c )𝐵 .⃗⃗ ⃗⃗  �⃗�   (d)�⃗�  𝑋 �⃗�  

(ii) Fundamental particle in an electromagnetic wave is 

       (a) Photon  (b) electron               (c) phonon  (d) Proton 

(iii) Electromagnetic waves are transverse in nature is evident by  

(a) Polarization  (b) Interference  (c) reflection  (d) Diffraction 

(iv) For a wave propagating in a medium, identify the property that is independent of the 

others. 

(a) Velocity  (b) Wavelength     (c) Frequency  (d) all these depend on each other 

(v) The electric and magnetic fields of an electromagnetic waves are  

        (a) In opposite phase and perpendicular to each other 

        (b) In opposite phase and parallel to each other  

        (c) In phase and perpendicular to each other 

        (d) In phase and parallel to each other 

Q2. Maxwell showed that the speed of an electromagnetic wave depends on the permeability 

and permittivity of the medium through which it travels. The speed of an Electromagnetic wave 

in the free space is given by 𝑐 =
1

√𝜇0𝜖0
.  The fact led Maxwell to predict that light is an EM waves. 

The emergence of the speed of light from purely electromagnetic considerations is the crowning 



achievement of Maxwell’s electromagnetic theory. The speed of an EM wave in any medium of 

permeability μ and permittivity Ԑ will be 
𝐶

√𝑘𝜇𝑟
  where K is the dielectric constant of the medium 

and 𝜇𝑟 is relative permeability. 

(i)The dimension of  (𝜖0 𝑝𝑒𝑟𝑚𝑖𝑡𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑓𝑟𝑒𝑒 𝑠𝑝𝑎𝑐𝑒, E electric field) is 

(a) MLT-1  (b) ML2T-2  (c ) ML-1T-2  (d) ML2T-1 

(ii) Let (𝜖0) 𝑑𝑒𝑛𝑜𝑡𝑒 𝑡ℎ𝑒 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑎𝑙 formula of the permittivity of the vacuum. If M = Mass, L 

= length , T =Time and A = Electric current, then  

(a) [𝜖0]= M1L-3T2A  (b) [𝜖0] = M-1L-3T4A2  

(C) [𝜖0] = MLT2A-2  (D) [𝜖0]  = ML2T-1 

(iii) An EM Wave of frequency 3 MHz passes from vacuum into a dielectric medium with 

permittivity Ԑ =4 then 

(a)Wavelength and frequency both remain unchanged 

(b)Wavelength is doubled and the frequency remain unchanged 

(c) Wavelength is doubled and the frequency becomes half 

(d)Wavelength is halved and the frequency remain unchanged. 

(iv) Which of the following are not electromagnetic waves? 

(a) Cosmic rays    (b) γ – rays             

(c) β – Rays                  (d) X – rays 

 

(v) The EM Waves travel with 

(a)The same speed in all media  

(b)The speed of light c= 3 X 108 m S -1 in free space 



              (c)The speed of light c= 3 X 108 m S -1 in solid medium 

(d)The speed of light c= 3 X 108 m S -1 in fluid medium 

Q3. All the known radiation from a big family of electromagnetic waves which stretch over a 

large range of wavelengths. Electromagnetic wave includes radio waves, microwaves, visible 

light waves, Infrared rays, UV rays, X-rays and gamma Rays. The orderly distribution of the EM 

waves in accordance with their wavelength or frequency into distinct groups having widely 

differing properties is electromagnetic spectrum. 

(I) Which wavelength of the sun is used finally as electric energy? 

 (a) radio waves (b) Infrared waves (c) visible light   (d) microwaves 

(ii) Which of the following electromagnetic radiations have the longest wavelength? 

 (a) X-rays      (b) Gamma Rays              (c) Microwaves  (d) radio waves 

(iii) Which of the following is not electromagnetic in nature? 

 (a) X-rays (b) Gamma Rays (c) Cathode rays (d) Infrared rays 

(iv) Which of the following electromagnetic radiations have the minimum wavelength? 

(a) X-rays (b) Ultraviolet rays (c) γ rays (d) Cosmic rays 

(v)The decreasing order of wavelength of Infrared, microwave, ultraviolet and gamma rays is 

 (a) microwave, Infrared, ultraviolet, gamma rays 

 (b) gamma rays, ultraviolet, Infrared, microwave 

(c) microwave, gamma rays, Infrared, ultraviolet  

(d)Infrared, microwave, ultraviolet, gamma rays 

Q4. Electron oscillating in a circuit give rise to radio waves. A transmitting antenna radiates most 

effectively the radio waves of wavelength equal to size of the antenna. The infrared waves 

incident on a substance set into oscillation all its electrons, atoms and molecules. This increases 

the internal energy and hence the temperature of the substance. 



(i) if 𝑣𝑔, 𝑣𝜘  𝑎𝑛𝑑 𝑣𝑚 are the speeds of gamma rays, X-rays and microwaves respectively in vacuum, 

then 

 (a) 𝑣𝑔 > 𝑣𝜘 > 𝑣𝑚 (b) 𝑣𝑔 < 𝑣𝜘 < 𝑣𝑚 (c)𝑣𝑔 > 𝑣𝜘 < 𝑣𝑚 (d) 𝑣𝑔 = 𝑣𝜘 = 𝑣𝑚 

(ii) Which of the following will deflect in electric field? 

(a) X-rays  (b) γ – rays  (c) cathode rays (d) ultraviolet rays 

(iii) γ-rays are deducted by  

(a)  Point contact cathode (b) thermopiles  

(c) Ionization chamber (d) Photocells 

(iv) The frequency of electromagnetic wave, which best suited to observe a particle of radius 3 

X 10-4 cm is the of  

(a) 1015 Hz  (b) 1014 Hz  (c) 1013 Hz  (d) 1012 Hz 

(v) We consider the radiation emitted by the human body. Which one of the following 

statement is true? 

(a)The radiation emitted is in the infrared region. 

(b) The radiation is emitted only during day time. 

(c) The radiation is emitted during summers and absorbed during winters 

(d) The radiation emitted lies in the ultraviolet region and hence it is not visible. 

Q5. A stationary charge produces only an electrostatic field while a charge in uniform motion 

produces a magnetic field, that does not change with time. An oscillating charge is an example of 

accelerating charge. It produces an oscillating magnetic field, which in turn produces an 

oscillating electric field and so on. The oscillating electric and magnetic field regenerate each 

other as a wave which propagates through space. 



Direction of propagation 

(i)Magnetic field in a plane electromagnetic wave is given by �⃗� = 𝐵0 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑗  ̂𝑇 . 

Expression for corresponding electric field will be (where C is speed of light.) 

(a) �⃗� = 𝐵0 𝐶 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑘  ̂𝑉 /𝑚  (b) �⃗� = 𝐵0 𝐶 𝑠𝑖𝑛(𝑘𝑥 − 𝜔𝑡)𝑘  ̂𝑉 /𝑚 

(c)�⃗� = (𝐵0 /𝐶) 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑘  ̂𝑉 /𝑚 (d) �⃗� = 𝐵0 𝐶 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑘  ̂𝑉 /𝑚 

(ii) The electric field component of a monochromatic radiation is given by 

�⃗� = 2𝐸0𝑙 𝑐𝑜𝑠 𝑘𝑧 𝑐𝑜𝑠 𝜔𝑡.  Its magnetic field �⃗�  is given by  

(a) 
2𝐸0

𝐶
𝑗 𝑐𝑜𝑠 𝑘𝑧 𝑐𝑜𝑠 𝜔𝑡  (b) 

2𝐸0

𝐶
𝑗 𝑠𝑖𝑛 𝑘𝑧 𝑐𝑜𝑠 𝜔𝑡 

(c)
2𝐸0

𝐶
𝑗 𝑠𝑖𝑛 𝑘𝑧 𝑠𝑖𝑛𝜔𝑡   (d) -

2𝐸0

𝐶
𝑗 𝑠𝑖𝑛 𝑘𝑧 𝑠𝑖𝑛 𝜔𝑡 

(iii) A plane EM wave of frequency 25 MHz travels in a free space along x-direction. At a particular 

point in space and time, E = (6.3 j) V/m. The equations for the electric and magnetic fields as a 

function of x and t are respectively 

(a) 0.095 μ T             (b) 0.124 μ T      (c) 0.089 μ T         (d) 0.021 μ T 

(iv) A plane EM wave travelling along the x-direction has a wavelength of 3 mm. The variation in 

the electric field occurs in the y-direction with an amplitude 66 V/m. The equations for the 

electric and magnetic fields as a function of x and t are respectively 

(a) 𝐸𝑦 = 33 𝑐𝑜𝑠 𝛱 ∗ 1011 (𝑡 −
𝑥

𝑐
) , 𝐵𝑧 = 1 ⋅ 1 × 10−7 cos𝛱 ∗ 1011(𝑡 − 𝜘

𝐶⁄ ) 

(b) 𝐸𝑦 = 11 𝑐𝑜𝑠 2𝛱 ∗ 1011 (𝑡 −
𝑥

𝑐
) , 𝐵𝑧 = 11 × 10−7 cos 2𝛱 ∗ 1011(𝑡 − 𝜘

𝐶⁄ ) 

(c) 𝐸𝑦 = 33 𝑐𝑜𝑠 𝛱 ∗ 1011 (𝑡 −
𝑥

𝑐
) , 𝐵𝑧 = 11 × 10−7 cos𝛱 ∗ 1011(𝑡 − 𝜘

𝐶⁄ ) 



(d) 𝐸𝑦 = 66 𝑐𝑜𝑠 2𝛱 ∗ 1011 (𝑡 −
𝑥

𝑐
) , 𝐵𝑧 = 2.2 × 10−7 cos 2𝛱 ∗ 1011(𝑡 − 𝜘

𝐶⁄ ) 

(v) A plane EM wave travels in a free space along x-axis. At a particular point in space, the electric 

field along y-axis is 9.3 V/m. The magnetic induction (B) along z-axis is 

(a) 3.1 X 10-8 T  (b) 3 X 10-5 T  (c) 3 X 10-6 T  (d) 9.3 X 10-6 T 

ANSWERS (CASE STUDY QUESTIONS): 

 ANS (i) ANS (ii) ANS (iii) ANS (iv) ANS (v) 

Q.No. 1 b a a c c 

Q.No. 2 c b d b b 

Q.No. 3 b d c c a 

Q.No. 4 d c c b a 

Q.No. 5 d c d d a 

 

Explanation: Q1.   (i) (b) EM wave propagate perpendicular to plane �⃗�  𝑋 �⃗�  

     (ii) (a) Photon is fundamental particle for EM wave 

     (iii)  (a) Polarization establishes wave nature 

     (iv) (c) Frequency remain unchanged due to change of media 

      (v)    (c) The electric and magnetic fields in phase and perpendicular to each other. 

Q2.    (i)    (c) Energy density = Energy / Volume = 
1

2
𝜖0𝐸

2 = ML2T-2/L3 =[ ML-1T-1] 

      (ii)  (b) As  𝐹 =
1

4𝜋

𝑞1𝑞2

𝜖0𝑟2    So 𝜖0 =
1

4𝜋

𝑞1𝑞2

𝐹 𝑟2   So 𝜖0 = C2/Nm2 = [AT2]/MLT-2L2 =[M-1L-3T4A2] 

      (iii) (d) Frequency remain same. So refractive index of the medium μ=√
𝜖

𝜖0
    =√

4

1
    = 2.  

Wave length of EM wave in the medium 𝜆𝑀𝑒𝑑 =
𝜆

𝜇
=

𝜆

2
 

      (iv)      (b) β-rays consists of electron which are not electromagnetic in nature. 



      (v)       (b)  

Q3.    (i)     (b)  Infrared rays can be converted into electrical energy (solar cell) 

      (ii)     (d) Radio waves have longest wavelength 

      (iii)     (c ) Cathode rays are invisible fast moving streams of electrons emitted. 

      (iv)     (c )  γ-rays have minimum wavelength. 

      (v)     (a)    microwave, Infrared, ultraviolet, gamma rays 

Q4.       (i)     (d) All EM waves travel in vacuum with same speed. 

         (ii)    (c ) Cathode rays get deflected in an electric field. 

         (iii)    (c ) γ-rays are detected by ionization chamber. 

         (iv)   (b) Size of particle = λ= c/ν = 3*1014 Hz 

         (v)    (a)  Every body at a temperature T > 0 K emits radiation in the infrared region. 

Q5.      (i)     (d) Given �⃗� = 𝐵0 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑗  ̂𝑇  and c= E/B so Electric field is along Z axis and is   

                  �⃗� = 𝐵0 𝐶 𝑠𝑖𝑛(𝑘𝑥 + 𝜔𝑡)𝑘  ̂𝑉 /𝑚 

        (ii)    (c ) 
𝑑𝐸

𝑑𝑧
= −

𝑑𝐵

𝑑𝑡
 = −2𝐸0𝑘 𝑠𝑖𝑛 𝑘𝑧 𝑐𝑜𝑠 𝜔𝑡 So  

B = 2𝐸0𝑘 𝑠𝑖𝑛 𝑘𝑧 ∫ 𝑐𝑜𝑠 𝜔𝑡  𝑑𝑡 = (2𝐸0 /𝑐) 𝑠𝑖𝑛 𝑘𝑧 𝑠𝑖𝑛𝜔𝑡 E is along y direction and wave 

propagates along x axis 

        (iii)   (d)  

        (iv)    (d)  

         (v)     (a)  at a particular point E = 9.3 V/m 

                     Magnetic field at the same point = 3.1 * 10-8 T   



2 MARK QUESTIONS: 

1. Identify the electromagnetic waves whose wavelength vary as and also write one use for each.  
(i) 10-12m ˂λ˂ 10-8m (ii) 10-3m ˂λ˂ 10-1m 
Ans. (i) X-rays/ γ-rays used for medical purposes/ nuclear reactions (ii) Microwaves used for radar 
systems 
 

2.  Identify the electromagnetic waves whose wavelength vary as and also write one use for each.  
(i)10-14m ˂λ˂ 10-11m(ii) 10-6m ˂λ˂ 10-4m 
Ans. (i) X-rays/γ-rays used for medical purposes/ nuclear reactions 
(ii) Infrared/ visible used for muscular treatment/ vision 
 

3. Compare the following: 
(a) Wavelengths of the incident solar radiation absorbed by the earth’s surface and the radiation re-

radiated by the earth. 
(b) Tanning effect produced on the skin by UV radiation incident directly on the skin and that coming 

through glass window. 
Ans. (a) The radiation re-radiated by the earth has greater wavelength. 
(b)Tanning effect is significant for UV radiation incident directly on the skin while the effect is negligibly 
smallfor the UV radiation coming through glass window. 
 

4. What are electromagnetic waves? Are these waves transverse or longitudinal? 
Ans. The waves produced by accelerated charged particles, in which there are sinusoidal variations of 
electric and magnetic field vectors at right angles to each other as well as at right angles to the direction 
of propagation of wave, are called electromagnetic waves. 
em waves are trans verse in nature. 
 

5. (i) How are electromagnetic waves produced? Explain. 
(ii) What is the source of energy of these waves? 
Ans. (i) Production of em waves: em waves are produced by accelerated/ oscillating charges 
A charge oscillating with some frequency, produces an oscillating electric field in 
space, which produces an oscillating magnetic field perpendicular to the electric field, which in turn is a 
source of electric field, this process goes on repeating, producing em waves in space perpendicular to 
both fields. 
(ii) Source of energy of em waves is the energy of accelerated/ oscillating charge. 
 

6. Name the following constituent radiations of electromagnetic spectrum which-  
(i) are used in satellite communication/in radar and geostationary satellite  
(ii) are used for studying crystal structure of solids  
(iii) are similar to the radiations emitted during decay of radioactive nuclei  
(iv) used for water purification/ are absorbed from sunlight by ozone layer  
Ans. (i) microwaves (ii) x- rays (iii) - rays (iv) UV rays 
 

7.  Name the following constituent radiations of electromagnetic spectrum which-  
(i) has its wavelength range between 390 nm to 770 nm  
(ii) produce intense heating effect/ used in warfare to look through fog  
(iii) in photographs of internal parts of human body/as a diagnostic tool in medicine 



(iv) are used for radar systems used in aircraft navigation  
Ans. (i) visible light (ii) Infrared rays(iii) X -ray (iv) microwaves 
 

8. State any four properties of electromagnetic waves.  
 Ans. (i) do not require any material medium for their propagation 
(ii) transverse in nature 
(iii) do not get deflected by electric or magnetic fields 
(iv) same speed in vacuum for allwaves 

 
3 MARK QUESTIONS: 
 

1. (a)Write the formula for the velocity of light in a material medium of relative 

                 Permittivity εr and relative magnetic permeability µr. 

             (b)The following table gives the wavelength range of some constituents of 

              the electromagnetic spectrum. 

S.No. Wavelength Range (λ) 

1. 1mm to 700nm 

2. 0.1m to 1mm 

3. 1 nm to 10-3nm 

4. <10-3nm 

           Select the wavelength range, and name the (associated) electromagnetic waves, 

          that are used in 

(i)   Radar systems for Aircraft navigation 

     (ii)  Earth satellites to observe growth of crops 

                (iii) produced in nuclearreactions 

(iv)) used as diagnostic tool in medical field like to take the picture of internal organ of human body 
for the detection fractures in bones. 

Ans.(a) v = 1/√εrε0µrµ0 

(b) 
(i) 0.1m to 1mm : Microvaves 

(ii) 1mm to 700nm : Infrared rays  

(iii) λ<10-3nm : Gamma rays 

(iv) 1 nm to 10-3nm : X-rays 

 

2. In a plane e.m. wave, the electric field oscillates sinusoidally at a frequency of 2.0X1010Hz and amplitude 
48Vm-1. 
(a) What is the wavelength of wave? 
(b) What is the amplitude the oscillating magnetic field? 
(c) Show that the average energy density of the electric field equals the average energy density of the 

magnetic field(B). 
Ans. (a) Wavelength, λ = c/ν 
                                          = 3x108/2.0X1010 



                                          = 1.5 X10-2m 
(b) B0= E0/c 
          = 48/3x108 

          = 1.6X10-7T 
Average energy density of magnetic field,  
uB = B2

0/4μ0 

Average energy density of electric field, 
uE= ε0E2

0/4 
But E0= cB0 and c2= 1/ε0μ0 
Therefore uE= ε0E2

0/4 
                        = ε0(cB0)2/4 
                        = ε0B2

0/4ε0μ0 

                        = B2
0/4μ0 

                        = uB 

 
3. The oscillating electric field of an electromagnetic wave is given by: 

 
(a) What is the direction of propagation? 

(b) Obtain the value of the wavelength of the electro-magnetic wave. 

IObtain the value of the frequency of the electro-magnetic wave. 

(v) Obtain the value of the amplitude of the magnetic field part of the wave. 

I Write down the expression for the oscillating magnetic field. 

Ans. (a)The wave is propagating along negative X -direction or its direction is -i. 

(b)On comparing the given equation with the standard equation,  

E= E0Sin[ωt+kx] 
We get  

(a) k = 300π 

or  2π/λ = 300π 

      or  λ = 1/150 m  

            ω = 2X1011 
     or  2πν = 2X1011 

     or ν =  3.2X1010Hz 
(S) B0 = E0/c 

  = 30/3x108 

              = 10-7T 

Bz = 10-7Sin[2X1011t +300πx]T 

 

4. Why is the thin ozone layer on the top of stratosphere is crucial for human survival? Identify to which 
part ofelectromagnetic spectrum does this radiation belong and write one important application of the 
radiation. 
Ans. Because ozone layer absorbs ultraviolet radiation coming from the sun and thus prevent these 
radiations fromreaching the earth which causes Cancer 
Identification: Ultraviolet radiations 
Application: Water purification/ forensics 
 

5. How are infrared rays produced? Why are these referred to as “heat waves? Write their three important 
uses. 



Name the radiations which are next to these radiations in the electromagnetic spectrum having (a) 
shorterwavelength (b) longer wavelength.  
Ans. Production: Infrared waves are produced by hot bodies due to the vibrations of their 
atoms/molecules. 
Infrared rays are called heat waves because they produce heat when they fall on any object. 
Uses:(i) in photography during fog (ii) treating muscular strain (iii) in remote controls of electronic 
devices. 
Radiations:(a) Visible light (b) Microwaves 
 

6. Electromagnetic waves with wavelengths-  
(S) λ1are used to treat muscular strain  

(ii) λ2are used by a F.M. radio station for broadcasting 

(S) λ3are used to detect fractures in bones  

(S) λ4are absorbed by ozone layer of the atmosphere  

Identify the name and part of electromagnetic spectrum to which these radiations belong. Arrange these 

wavelengths in order of magnitude. 

Ans. (i) Infrared rays (ii) radio waves (iii) x- rays (iv) UV rays,λ2>λ1>λ4>λ3 

 

7. Which em waves lie near the high frequency end of visible part of em spectrum? Give its one use. In 
what waythis component of light has harmful effects on humans?  
Ans. Ultraviolet rays used in LASIK eye surgery, UV lamps to kill germs in water (water purification) 
UV rays causes Skin Cancer/Sunburn/ harms eyes when exposed to direct UV rays. 
 

8. Which constituent radiations of electromagnetic spectrum is used – 
(S) in Radar 
(ii) in photographs of internal parts of human body/as a diagnostic tool in medicine  
(S) for taking photographs of sky, during night and fog conditions.  
(S) has the largest penetrating power  
Give reason for your answer in each case. 
Ans. (i) microwaves because they go straight and are not absorbed by the atmosphere 
(ii) x- rays because they can penetrate light elements (flesh) 
(S) γ-rays as they have the highest frequency and hence highest energy. 

 
9. Answer the following:  

(vi) If the earth did not have atmosphere, would its average surface temperature be higher or lower 
than what it is now? Explain 

(vii) Why is it necessary in microwave ovens to select the frequency of microwaves to match the 
resonant frequency of water molecules? 

(viii) Why is the amount of momentum transferred by the e.m. waves incident on the surface so 
small? 

Ans. (i) If the earth did not have atmosphere, its average surface temperature would be lower than 
what it is now because there would be no greenhouse effect in the absence of atmosphere. 
(ii) The frequency of microwaves is selected to match the resonant frequency of water molecules, so the 
that energy is transferred efficiently to the kinetic energy of the molecules. 
(iii)If an e.m. wave transfers a total energy U to a surface, then total momentum delivered to the surface 
is  p = U/c (for complete absorption of energy U)  
As the speed of light c has very large value, so the value of momentum transferred is very small. 
 



       ADDITIONAL QUESTIONS: 1 MARK QUESTIONS: 
 
1. The frequency values of, ν1and ν2, for two spectral lines of the e.m. spectrum, are found to be 5X1020Hz 

and 2.5x1011Hz respectively. Find the ratio, λ1/λ2of their wavelengths. 
Ans. As λ= c/ν thereforeλ1/λ2 = ν2/ν1 = 2.5x1011/5X1020Hz =5X10-10 

2. Welders wear special goggles or face masks with glass windows to protect their eyes from 

electromagnetic radiations. Name the radiations and write the range of their frequency. 

Ans. The name of electromagnetic radiation is UV radiations and their frequency range is 0.75X1015Hz to 
3X1017Hz. 

3. Name the characteristics of electromagnetic waves that (i) decreases; (ii) remain constant in the 

electromagnetic spectrum as one move from ultraviolet region towards radio wave region. 

Ans. (i) The frequency of the electromagnetic wave decreases. 

(ii) The speed of electromagnetic waves remains constant (c= 3x108 m/s). 

4. The velocity of propagation (in vacuum) the frequency of (i)X-rays and (ii) radio waves are denoted by 

(vx,nx) and (vR,nR) respectively. How do the values of (i)vx and vR(ii)nxandnRcompare with each other? 
Ans. (i) vx = vR(ii) nx˃nR 

 

5. What are the directions of electric and magnetic field vectors relative to each other and relative to the 

direction of propagation of electromagnetic waves? 

Ans. In electromagnetic waves electric & magnetic fields are oscillate perpendicular to each other as 
well as perpendicular to the direction of propagation of the wave. 
 

6. Thin ozone layer on top of stratosphere is crucial for human survival. Why? 
Ans. The UV rays coming from the Sun are absorbed by ozone layer and prevents it from reaching the 
earth and causing damage to life. 
 

7. Two students A and B, prepare the following table about the electromagnetic waves. Rewrite this table in 

its corrected form. 

 Direction of Peak value of 

Student Electric field Magnetic field Propagation Electric field Magnetic field 

A Along X- axis Along X- axis Along Y- axis E B = cE 

B Along Y- axis Along Z- axis Along X- axis E = cB B 

Ans. Correction for student ‘A’ 
Direction of Peak value of 

Electric field Magnetic field Propagation Electric field Magnetic field 
Along X- axis 

Or Along Z-axis 

Along Z- axis 

Or Along X-axis  

Along Y- 

axis 
E B = E/c 

No correction for student ‘B’. 
 

8. Identify the electromagnetic waves whose wavelengths vary as 
(b) 10-12m ˂ λ ˂ 10-8m   (b) 10-3m ˂ λ ˂ 10-1m    
Ans. (a) X-rays (b) Microwaves 
 

9. An e.m. wave,Y1, has a wavelength of 1cm while another e.m. wave, Y2, has frequency of 1015Hz. Name 
these two types of waves. 
Ans. Y1 : Microwaves and Y2 : UV rays 



10. An e.m. wave is travelling in a medium with a velocity v = v i. The electric field oscillations, of this e.m. 

wave are along the Y-axis. Identify the direction in which the magnetic field oscillations are taking place, 

of the e.m. wave 
Ans. The e.m. propagates in the direction of EXB. Hence magnetic field must oscillate along Z- direction 

because (+j)X(+k) = +i 

 
11. Why are infrared waves are sometimes referred to as heat waves/radiations? 

Ans. Because they produce intensive heating effect. 
 

12. What is the frequency of em waves produced by oscillating charge of frequency? 
Ans. Frequency of em wave = frequency of oscillating charge =ν 
 

13. Welders wear special glass goggles or face masks with glass windows while working. Why? Explain 
Ans. Welders wear special glass googles or face masks with glass windows to protect their eyes from 
large amount of harmful UV rays produced by welding arcs. 
 

14. Write the relation for the speed of electromagnetic waves in terms of the amplitudes of electric and 
magnetic fields. 
Ans. Speed of em waves is given by the ratio of the amplitudes of electric and magnetic field vectors. 

c
B

E

B

E

o

o ==  

15. Write the expression for speed of electromagnetic waves in a medium of electrical permittivity ε and 
magnetic permeability μ . 

Ans. 


=


1
c  

16. In which directions do the electric and magnetic field vectors oscillate in an electromagnetic wave 
propagating along the x-axis? 
Ans.  Electric field along y-axis and magnetic field along z-axis  
(Alternatively, electric field along z-axis and magnetic field along y-axis.) 
 

17. Draw a sketch of linearly polarized em waves propagating in the Z-direction. Indicate the directions of 
the oscillating electric and magnetic fields. 
Ans.  

 
18. Which physical quantity, if any, has the same value for the waves belonging to the different parts of the 

electromagnetic spectrum? 
Ans. Velocity/speed in free space or vacuum. 



19. Name the physical quantity which remains same for microwaves of wavelength 1mm and UV radiations 
of 1600 A0 in vacuum. 
Ans. Velocity/speed in free space or vacuum. 
 

20. An e.m. wave exerts pressure on the surface on which it is incident. Justify. 
Ans. Since e.m. wave carry energy and momentum; therefore, they exert pressure on the surface on 
which they are incident. 
 

21. Give the ratio of velocities of wavelengths 4000 A0 and 8000 A0 in vacuum? 
Ans.  1:1 
 

22. Why are microwaves found useful for the radar systems in aircraft navigation? 
OR 

State the reason why microwaves are best suited for long distance transmission of signals? 
Ans. Due to short wavelength, microwaves have high penetrating power with respect to atmosphere 
and are not 
diffracted by the obstacle in the path of their propagation. 
 

23. Arrange the following electromagnetic waves in order of increasing frequency: 
γ-rays, microwaves, infrared rays and Ultraviolet rays 
Ans. Microwaves, infrared rays, Ultraviolet rays, γ-rays 
 

24. Arrange the following electromagnetic waves in order of decreasing frequency: 
x-rays, γ-rays, microwaves, UV rays and infrared rays 
Ans. γ-rays, x-rays, UV rays, infrared rays and Microwaves 
 

25. Arrange the following em waves in order of their increasing wavelength: 
γ-rays, Microwaves, X-rays, U.V. rays and Radio waves 
 Ans. γ-rays< X-rays˂ UV rays < Microwaves < Radio waves 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



PRACTICE PAPER 

Maximum time : 90 Minutes                                                                  Maximum marks : 25 
 

S.No. Questions Marks 

1 1. CASE STUDY : Greenhouse effect :- 
The greenhouse effect is a natural process that warms the Earth’s surface. When the 
Sun’s energy reaches the Earth’s atmosphere, some of it is reflected back to space and 
the rest is absorbed and re-radiated by greenhouse gases. The absorbed energy warms 
the atmosphere and the surface of the Earth. 

 
(i). The one which is not considered as naturally occurring greenhouse gas is  
    a) methane  
    b) CFCs  
    c) carbon dioxide  
    d) nitrous oxide  
(ii). Which of the following is not a use of infrared waves  
   a) Used in treatment for certain forms of cancer  
   b) in military and civilian applications include target acquisition, surveillance, night   
       vision, homing, and tracking.  
   c) to observe changing blood flow in the skin  
   d) In imaging cameras, used to detect heat loss in insulated systems  
(iii).Which of the following is the best method for production of infrared waves  
   a) bombardment of metal by high energy electrons  
   b) radioactive decay of nucleus  
   c) magnetron valve  
   d) vibration of atoms and molecules  
(iv). Wavelength of infrared radiations is  
   (a) shorter          (b) longer        (c) infinite          (d) zero 

5 



(v) If the amplitude of the electric field in a plane electromagnetic wave is 100V/m then 
theamplitude of the magnetic field is: 
  (a) 0.27T                     (b)  6.7 × 10−7 T            (c) 3.3 × 10−7 T           (d)  8.0 × 107 T 
 

2 Name the following constituent radiations of electromagnetic spectrum which-  

(i) are used in satellite communication/in radar and geostationary satellite  
(ii) are used for studying crystal structure of solids  
(iii) are similar to the radiations emitted during decay of radioactive nuclei  
(iv) used for water purification/ are absorbed from sunlight by ozone layer.  

 

2 

3 Compare the following: 

(a)Wavelengths of the incident solar radiation absorbed by the earth’s surface and the 
radiation re-radiated by the earth. 

(b)Tanning effect produced on the skin by UV radiation incident directly on the skin and 
that coming through glass window. 

 

2 

4 Which constituent radiations of electromagnetic spectrum is used -  

(i)for taking photographs of sky, during night and fog conditions.  

(ii) has the largest penetrating power  

Give reason for your answer in each case. 

 

2 

5 In a plane e.m. wave, the electric field oscillates sinusoidally at a frequency of 
2.0X1010Hz and amplitude 48Vm-1. 

(a) What is the amplitude the oscillating magnetic field? 
(b) Show that the average energy density of the electric field equals the 

average energy density of the magnetic field(B). 
 

2 

6 Electromagnetic waves with wavelengths-  

(i) λ1are used to treat muscular strain  

(ii) λ2are used by a F.M. radio station for broadcasting 

(iii) λ3are used to detect fractures in bones  

(iv) λ4are absorbed by ozone layer of the atmosphere  

Identify the name and part of electromagnetic spectrum to which these radiations 

belong. Arrange thesewavelengths in order of magnitude. 

 

3 

7 What is meant by transverse nature of electromagnetic wave? Draw a diagram showing 

the propagation of an electromagnetic wave along the X-direction, indicating clearly 

the directions of the oscillating electric and magnetic fields associated with it. 

3 



8 Identify the following electromagnetic radiation as per the wavelength given below. 

Write one application of each. 

a)10-12m 

b)10-4m 

c)106m   

 

3 

9 (a)Write the formula for the velocity of light in a material medium of relative 

    Permittivity εr and relative magnetic permeability µr. 

 (b)The following table gives the wavelength range of some constituents of 

     the electromagnetic spectrum. 

S.No. Wavelength Range (λ) 

1. 1mm to 700nm 

2. 0.1m to 1mm 

3. 1 nm to 10-3nm 

4. <10-3nm 

Select the wavelength range, and name the (associated) electromagnetic waves, 

 that are used in 

(i)   Radar systems for Aircraft navigation 

(ii)  Earth satellites to observe growth of crops 

(iii) produced in nuclearreactions 

(iv) used as diagnostic tool in medical field like to take the picture of internal organ of 
human body for the detection fractures in bones. 

 

1+2 

 



CHAPTER 9 

RAY OPTICS AND OPTICAL INSTRUMENTS 

GIST OF LESSON: 

Optics:-It is the branch of physics which deals with the study of various phenomena like   reflection, 
refraction, dispersion, interference, diffraction, polarization etc. It has basically                     two 
branches. 
Ray optics: - It is branch of optics which deals with the study of ray of light. 
 
Refraction of light: - The phenomenon of change in the direction of path of light when it goes from one 
medium to another medium is known as refraction of light. 
 

                                    
 

• When the ray of light is travelling from rarer medium to denser medium, it bends towards the 
normal.      

• When the ray of light is travelling from denser medium to rarer medium, it bends away from the 
normal. 

• Cuse of refraction of light: - The refrection of light occures due to change in the speed of light 
when it goes from one medium to another medium.  

• When the ray of light is travelling from a rarer medium to a denser medium then, ∠𝑖 > ∠𝑟. 

• When the ray of light is travelling from a denser medium to a rarer medium then, ∠𝑖 < ∠𝑟. 

• If the ray of light incident normally, then no change in the direction of the path of the ray of light. 
i. e. refraction of light does not occure. 

• First Law: - The incident ray, refracted ray and the normal to the interface at the point of 
incidence lie in the same plane. 

• Second Law: - 𝑛 =
sin 𝑖

sin 𝑟
 𝑜𝑟 𝑛 =

𝑛2

𝑛1
=

sin 𝑖

sin 𝑟
∴ 𝑛1 sin 𝑖 = 𝑛2 sin 𝑟. This equation is known as Snell’s 

law. 
 

• Absolute Refractivwe index: - Absolute refractive index of a medium can be defined as the ratio 

of the speed of light in air/vacuum to the speed of light in a medium. 𝑛 =
𝑐

𝑣
. 

• The speed of light in vacuum/air is 3 𝑥 108𝑚𝑠−1 i. e. 𝑐 > 𝑣. So, Absolute refractive index is 
greater than 1. 

• It has no unit. It is only a number. 

• Relative Refractivwe index: - If the medium has absolute refractive index 𝑛1 and medium 2 has 
absolute refractive index 𝑛2, 

then 𝑛 =
𝑛2

𝑛1
=

𝑐

𝑣2
𝑐

𝑣1

=
𝑐

𝑣2
𝑥

𝑣1

𝑐
∴ 𝑛 =

𝑣1

𝑣2
=

𝑣1 𝑡

𝑣2 𝑡
=

𝜆1

𝜆2
. 

• We know that 𝑐 = 𝜗𝜆 𝑖𝑛 𝑎𝑖𝑟/𝑣𝑎𝑐𝑢𝑢𝑚 and 𝑣 = 𝜗𝜆𝑚 𝑖𝑛 𝑚𝑒𝑑𝑖𝑢𝑚. 
𝑐

𝑣
=

𝜗𝜆

𝜗𝜆𝑚
∴

𝑐

𝑣
=

𝜆

𝜆𝑚
 𝑎𝑛𝑑 

𝑐

𝑣
= 𝑛 𝑜𝑟, 𝑛 =

𝜆

𝜆𝑚
∴ 𝜆𝑚 =

𝜆

𝑛
.  



 
 
 
 
 

• Principle of reversibility of light 
 

 
 

• As per principle of reversibility, image and object positions can be interchanged.  

𝑛2
1  𝑥 𝑛1

2 =  
𝑠𝑖𝑛 𝑖

𝑠𝑖𝑛 𝑟
 𝑥 

𝑠𝑖𝑛 𝑟

𝑠𝑖𝑛 𝑖
= 1 𝑜𝑟, 𝑛2

1  𝑥 𝑛1
2 = 1 ∴ 𝑛2

1 =
1

𝑛1
2 . 

• Lateral Displacement or shift in glass slab: - The perpendicular distance between the direction of 
incident ray and the emergent ray is known as lateral displacement or shift.  

• Now, 𝑑 = 𝑂𝐵 𝑠𝑖𝑛(𝑖 − 𝑟1) =
𝑡

𝑐𝑜𝑠𝑟1
𝑠𝑖𝑛(𝑖 − 𝑟1)  ∴ 𝒅 =

𝒕 𝒔𝒊𝒏(𝒊−𝒓𝟏)

𝒄𝒐𝒔𝒓𝟏
. 

 

 
 

• Refraction through multiple or compound refracting media: Let a composite or compound slab 
made of two media water and glass bounded by parallel faces place in air. 

 

• So, 𝑛𝑤
𝑎  𝑥 𝑛𝑔

𝑤  𝑥 𝑛𝑎
𝑔

= 1 𝑜𝑟, 𝑛𝑤
𝑎  𝑥 𝑛𝑔

𝑤 =
1

𝑛𝑎
𝑔 𝑜𝑟, 𝑛𝑤

𝑎  𝑥 𝑛𝑔
𝑤 = 𝑛𝑔

𝑎 ∴  𝒏 =
𝒏𝒈

𝒂

𝒏𝒘
𝒂𝒈

𝒘 . 

 

 
 



• 𝑛 =
𝐼𝐶

𝑂𝐶
=

𝐴𝐼

𝐴𝑂
 𝑏𝑢𝑡 𝑛 =

1

𝑛𝑤
𝑎𝑎

𝑤  𝑜𝑟, 𝑛 =
1

𝑛𝑎
𝑤  𝑠𝑜,𝑤

𝑎 𝑛 =
1

𝐴𝐼

𝐴𝑂

 ∴ 𝑛 =
𝐴𝑂

𝐴𝐼
∴ 𝒏 =

𝑹𝒆𝒂𝒍 𝒅𝒆𝒑𝒕𝒉

𝒂𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝒅𝒆𝒑𝒕𝒉𝒘
𝒂

𝑤
𝑎

𝑤
𝑎 .𝑎

𝑤  

• Total internal reflection of light  (TIR): The phenomenon by virtue of which the ray of light 
travelling from a denser medium to a rarer medium is sent back to the same denser medium 
provided it strikes the interface of the denser and rarer media at an angle greater than critical 
angle is known as total internal reflection of light. 

           
Conditions for Total Internal Reflection of light: 

• The light must travel from denser medium to rarer medium. 

• The angle of incidence must be greater than critical angle for the given pair of media. 

• 𝑛 =
sin 𝑖𝑐

sin 𝑟1
2 =

sin 𝑖𝑐

sin 900 = sin 𝑖𝑐 𝑜𝑟, sin 𝑖𝑐 = 𝑛 𝑏𝑢𝑡 𝑛 =
1

𝑛2
1   𝑠𝑜, sin 𝑖𝑐 =1

2 1

𝑛2
1 ∴1

2 𝑛2
1 =

1

sin 𝑖𝑐
.  

• Totally reflecting prism:  

 
• Optical Fibres’s Principle: -The working of optical fibres is based on the phenomenon of total 

internal reflection of light. 

• Uses of Optical fibre: - Uses of Optical fibre are used in   
i. Transmitting the light without any loss of intensity. 
ii. Manufacturing of medical instruments like endoscopes.  
iii. Tele – communication. 
iv. Photometric sensors for measuring the blood flow in the heart. 
v. Refractometers for measuring the refractive indices. 

• Refraction at a spherical surface: 

 
• 

𝒏𝟐

𝒗
−

𝒏𝟏

𝒖
=

𝒏𝟐−𝒏𝟏

𝑹
. 



• Refraction at spherical surface:                        

 
• 

𝑛2

𝑂𝑃
−

𝑛1

𝐼𝑃
=

𝑛2−𝑛1

𝐶𝑃
 𝑜𝑟,

𝑛2

−𝑢
−

𝑛1

−𝑣
=

𝑛2−𝑛1

−𝑅
∴

𝒏𝟏

𝒗
−

𝒏𝟐

𝒖
=

𝒏𝟐−𝒏𝟏

−𝑹
. 

 

• Lens maker’s formula: 
 

               
1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
].   

• If 𝑢 = ∞, then the image is formed at principal focus so 𝑣 = −𝑓 then the focal length of the lens 

is given by,
1

𝑓
−

1

∞
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
] ∴

1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
]. 

• Focal length of a lens depends on the wavelength used: 
1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
] 

 𝑜𝑟,
1

𝑓
= (𝑛 − 1), 𝑤ℎ𝑒𝑟𝑒 𝑅1  𝑎𝑛𝑑 𝑅2 𝑎𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡. 𝑖. 𝑒. 𝑓 ∝

1

𝑛
.  

According to Cauchy’s formula, 𝑛 ∝
1

𝜆2  ∴ 𝑓 ∝ 𝜆2. 

Since the wavelength of red light is greater than the wavelength of blue light, so the focal of a 
lens is greater when red light is used than focal length of the lens when blue light is used. 

• Focal length of a lens immersed in a liquid: The focal length of the lens in air is given by,
1

𝑓𝑎
=

( 𝑛𝑔
𝑎 − 1) [

1

𝑅1
−

1

𝑅2
], where 𝑛𝑔

𝑎  is the refractive  

The focal length of the lens in liquid is given by, 
1

𝑓𝑙
= ( 𝑛𝑔

𝑙 − 1) [
1

𝑅1
−

1

𝑅2
] 

1

𝑓𝑙
= (

𝑛𝑔
𝑎

𝑛𝑙
𝑎 − 1) [

1

𝑅1
−

1

𝑅2
]  

1

𝑓𝑎
1

𝑓𝑙

=
𝑛𝑔

𝑎 −1

𝑛𝑔
𝑎

𝑛𝑙
𝑎 −1

 𝑥 
[

1

𝑅1
−

1

𝑅2
]

[
1

𝑅1
−

1

𝑅2
]
𝑜𝑟,

1

𝑓𝑎
 𝑥 

𝑓𝑙

1
=

( 𝑛𝑔
𝑎 −1)

(
𝑛𝑔

𝑎

𝑛𝑙
𝑎 −1)

 𝑜𝑟,
𝑓𝑙

𝑓𝑎
=

( 𝑛𝑔
𝑎 −1)

( 𝑛𝑔
𝑎  − 𝑛) 𝑙

𝑎

𝑛𝑙
𝑎

 ∴ 𝑓𝑙 = [
( 𝑛𝑔

𝑎 −1) 𝑛𝑙
𝑎

( 𝑛𝑔
𝑎  – 𝑛) 𝑙

𝑎 ] 𝑓𝑎 .   

 

• Lens Formula for both lenses: ∴  
1

𝑣
−

1

𝑢
=

1

𝑓
.  

• Linear magnification: 
ℎ𝑖

ℎ𝑜
=

𝑣

 𝑢
∴ 𝒎 =

𝒉𝒊

𝒉𝒐
=

𝒗

 𝒖
.  

• Magnification in turns of u, v and f: 
1

𝑣
−

1

𝑢
=

1

𝑓
 𝑜𝑟,

𝑣

𝑣
−

𝑣

𝑢
=

𝑣

𝑓
 𝑜𝑟, 1 −

𝑣

𝑢
=

𝑣

𝑓
 𝑜𝑟,

𝑣

𝑢
= 1 −

𝑣

𝑓
=

𝑓 −  𝑣

𝑓
 𝑜𝑟, 𝑚 =

𝑣

𝑢
= (

𝑓 −  𝑣

𝑓
) 

∴ 𝒎 =
𝒇−𝒗

𝒇
.   

1

𝑣
−

1

𝑢
=

1

𝑓
𝑜𝑟,

𝑢

𝑣
−

𝑢

𝑢
=

𝑢

𝑓
𝑜𝑟,

𝑢

𝑣
− 1 =

𝑢

𝑓
 𝑜𝑟,

𝑢

𝑣
=

𝑢

𝑓
+ 1 =

𝑢 + 𝑓

𝑓
𝑜𝑟,

𝑣

𝑢
=

 𝑓

𝑢 + 𝑓
∴  𝒎 =

𝒗

𝒖
=

𝒇

𝒖+ 𝒇
.  

• Power of lens: 𝑃 =
1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
].The S I Unit of power of lens is Dioptre (D). 

•  𝑛 ∝
1

𝜆2  𝑠𝑜, 𝑃 ∝ 𝑛 ∝
1

𝜆2 ∴ 𝑷 ∝
𝟏

𝝀𝟐. Since the wavelength of red light is greater than the 

wavelength of the blue light. So, the power of a lens for red light is less than the power of the 
lens for blue light.  
 
 



• Combination of thin lenses in contact:  
 

                                    
Focal length of this combination is given by,

𝟏

𝒇
=

𝟏

𝒇𝟏
+

𝟏

𝒇𝟐
+

𝟏

𝒇𝟑
+ ⋯ … … . . +

𝟏

𝒇𝒏
. 

So in terms of power of this combination is given by, 𝑷𝟏 + 𝑷𝟐 + 𝑷𝟑 + ⋯ … … … … + 𝑷𝒏.. 
And their magnification of this combination is given by,𝒎 = 𝒎𝟏. 𝒎𝟐. 𝒎𝟑 … … … . 𝒎𝒏. 
 

• Refraction of light through the glass prism:   

 

𝑛 =
sin 𝑖

sin 𝑟
=

sin(
𝐴+𝛿𝑚

2
) 

sin(
𝐴

2
)

.  This is the prism formula. 

For a thin prism or small angle prism, A and 𝛿𝑚 both are very small, ∴ 𝛿𝑚 = 𝐴(𝑛 − 1). 

• Dispersion of light: - The phenomenon of splitting of white light in to its constituent’s colours 
after passing through prism is known as dispersion of light. 
When the white light falls on the prism, then the emergent light consists of different colours. i. e. 
Violet, Indigo, Blue, Green, Yellow, Orange and Red as VIBGYOR. 
The arrangement of constituents colours of white light forms the visible spectrum. 
The deviation produced by by small angled prism is given by, 𝛿 = (𝑛 − 1)𝐴 
So, 𝛿𝑟 = (𝑛𝑟 − 1)𝐴 and 𝛿𝑣 = (𝑛𝑣 − 1)𝐴 ∴ 𝛿𝑟 < 𝛿𝑣. 
Thus, the red colour deviates least and the violet colour deviates the most while passing through 
the prism.  
When white light falls on first prism it splits up into its constituents colours. The emergent light 
consisting of different colours bends towards the base of first prism. The emergent colours fall 
on second prism placed very close to the first prism and in opposite orientation. These colours 
suffer deviation of different degrees through the second prism and then recombine to form 
white light which is obtained on the screen. 

• The prism does not create the colours itself but separates the colours existing in white light.  
In vacuum the dispersion of light does take place because all colours travel in vacuum with same 
speed. So vacuum is non – dispersive medium. 

 
Microscope:   
 Magnifying power : When the final image is formed at the least distance of distinct vision 

 



 

Telescope: 
 

Magnifying power of telescope is given as: 

 
 
 
 



CASE STUDY QUESTIONS:  

1.Telescope: Rafisa wanted to see the stars of the night sky. She knows that she needs a telescope to see 

those distant stars. She finds out that the telescopes, which are made of lenses, are called refracting 

telescopes and the ones which are made of mirrors are called reflecting telescopes. So, she decided to 

make a refracting telescope. She bought two lenses, L1 and L2. out of which L1 was bigger and L2 was 

smaller. 

  

 The larger lens gathers and bends the light, while the smaller lens magnifies the image. Big, thick lenses 

are more powerful. So, to see far away, she needed a big powerful lens. Unfortunately, she realized that a 

big lens is very heavy. Heavy lenses are hard to make and difficult to hold in the right place. Also, since the 

light is passing through the lens, the surface of the lens has to be extremely smooth. Any flaws in the lens 

will change the image. It would be like looking through a dirty window.  

In the normal adjustment final image is formed at infinity and for normal adjustment magnification  

𝑚 =  𝑓𝑜 / |𝑓𝑒| 

In the normal adjustment of telescope, distance between objective lens and eye lens is 𝐿 =  𝑓𝑜 +  𝑓𝑒  

1. A telescope has been adjusted for relaxed eye. How will he change the distance between objective and 

eye piece lens if final image is to be seen at the least distance of distinct vision? 

A) reduced     B) increased     

C) independent of length of tube  D) length of tube made zero 

2. The diameter of objective of a telescope is doubled. What is its effect on intensity of image seen? 

A) doubled   B) halved  C) becomes 4 times  D) remains same 

3. Refracting type telescope have limitations like spherical aberration and chromatic aberration, objective 

lens of telescope is replaced by 

A) parabolic concave mirror  B) parabolic convex mirror  

C) plane mirror strip   D) concave lens 



4. An astronomical telescope of magnifying power 7 consists of two thin lenses 40 cm apart, in normal 

adjustment. Focal lengths of lenses are  

A) 35 cm, 10 cm  B) 5cm, 30cm   C)35cm,5cm  D) 10cm, 20cm 

5. How does magnifying power change with increase in the length of the tube for a given telescope  

A) it does not change  B) increases   C) decreases  D) becomes zero 

2:  Compound Microscope: 

A compound microscope is an optical instrument used for observing highly magnified images of tiny 

objects. Magnifying power of a compound microscope is defined as the ratio of the angle subtended at the 

eye by the final image to the angle subtended at the eye by the object, when both the final image and the 

objects are situated at the least distance of distinct vision from the eye. It can be given that: m=me x mo, 

where me is the magnification produced by the eye lens and mo is the magnification produced by the 

objective lens. 

 

1. In a compound microscope the distance between objective and eye lens is 

A) Fixed  B) variable  C) infinite  D) 1m 

2. The intermediate image formed by the objective of a compound microscope is 

A) real, inverted and magnified  B) real, erect and magnified 

C) virtual, erect and magnified  D) virtual, inverted and magnified 

3. The magnifying power of a compound microscope increases with 

       A) the focal length of objective lens is increased and that of eye lens is decreased. 

       B) the focal length of eye lens is increased and that of objective lens is decreased. 

       C) focal length of both objective and eye-piece are increased. 

       D) focal length of both objective and eye-piece are decreased. 



4. What will be the magnifying power of microscope if final image is formed at the near point of eye. Given 

focal length of objective lens is 1 cm and focal length of eye lens is 2 cm, microscope has tube length of 

20cm. 

A) 270   B) 150   C) 500   D) 50   

5. Using the data given below, state which two lenses as objective and eye lens will be preferred to 

construct a best possible microscope  

Lenses            Power(P)   Aperture(A)  

L1        6D     1 cm 

L2        3D     8 cm 

L3        10D      1 cm 

 

A) L1, L2   B) L1, L3   C) L3, L2   D) L3, L1 

3. Optical fibre: 

 

 

An optical fibre is a structure comprising of thin rod of high-quality glass of refractive index n1 surrounded 

by a medium of refractive index n2. Very little light is absorbed by the glass. Light getting in at one end 

undergoes repeated total internal reflection, even when the fibre is bent, and emerges at the other end. 

All rays with angle of incidence θi less than critical angle θc is confined inside optical fibre 



Numerical aperture (NA) of structure is defined as sin α. 

1. For the Total internal reflection in optical fibre condition for n1, n2 is  

A) n1 > n2  B) n1 < n2  C) n1 = n2  D) n1 = n2 = 0 

2. Optical fibre is used by 

A) Telecommunications companies   B) Medical industry  

C) Defence sector    D) all of above 

3. Refractive index of cladding is 1.44, out of following what should be the value of refractive index for 

material used as core 

A) 1.30   B) 1.68   C) 1.44   D) 1.40 

4. If in core angle of incidence is equal to critical angle, then angle of refraction will be 

A) 90o  B) 0o  C) 45o  D) 180o 

5. Which of the following is not application of TIR? 

A) Optical fibre   B) difference between real and apparent depth of pond  

C) Sparkling of diamond  D) Mirage observed during hot summer days 

4. Total Internal Reflection: 

  

                     



Total internal reflection is the phenomenon of reflection of light into denser medium at the interface of 

denser medium with the rare medium. For this phenomenon to occur, necessary conditions are 

i. light must travel from denser to rarer medium  

ii. angle of incidence in denser medium must be greater than critical angle C for the pair of media in 

contact 

Critical Angle depends on nature of medium and wavelength of light we can show that  

𝑛 =
 1 

𝑠𝑖𝑛 𝑐
 

 

1. Critical angle for air water interface for violet colour is 49o, its value for red colour is 

A) 49o     B) 30o    C) 46o    D) 52o 

2.  Critical angle for glass is θ1 and critical angle for water is θ2, what will be the critical angle for glass water 

interface (ng= 3/2, nw=4/3) 

A) less then θ1  B) greater than θ2  C) less than θ2  D) between θ1 and θ2 

3. Critical angle for the material with refractive index 
1

√2
 is 

A) 60o     B) 50o    C) 45o    D) 30o 

4. If value of critical angle is 30o in a prism filled with transparent material, then speed of light in that 

material is  

A) 3 x 108 m/s   B) 1.5 x 108 m/s  C) 4.5 x 108 m/s  D) 6 x 108 m/s 

5.  What happens to the shine of diamond if it is dipped in oil? 

A) reduces  B) increases  C) no change  D) diamond disappears in oil 

5: Lens in a medium:  

A lens is a portion of transparent refracting medium bound by two spherical refracting surfaces or one 

spherical surface and the other plane surface. A lens behaves according to the medium in which it is 

present.  

Lens maker’s formula is relation between radii of curvature of bounding surfaces and the refractive index 

of the material of the lens given by   
1

𝑓
= (

𝑛2

𝑛1
− 1) (

1

𝑅1
−

1

𝑅2
), n2 is refractive index of material f lens and n1 

is refractive index of surrounding.  

In an activity picture is stuck on the exterior curved surface of the transparent glass jar such that the side 

of the paper with picture is facing the interior of the jar. The picture is observed from the diametrically 



opposite end. According to different conditions following observations are noted and concluded that a 

convex lens (or concave lens) made up of material with refractive index n2 behaves as a converging lens (or 

diverging lens) when placed in a medium of refractive index n1 if n2>n1and vice-versa. 

 

1. What is the focal length of a double convex lens(n=3/2) if radius of curvature of its surfaces is 15cm? 

A) 30cm  B) 7.5cm  C) 15cm  D) 45cm 

2. A glass lens is immersed in water. What will be the effect on the power of lens?   

A) increase  B) decrease  C) becomes zero  D) no change                                                                                                 

3. A biconvex lens made of a transparent material of refractive index 1.5 is immersed in water of refractive 

index 1.33. What change will it undergo? 

A) it becomes diverging in nature  B) its focal length decreases   

C) its focal length increases   D) no change     

4. what happens to the piece of clear ice when it is placed in a glass of water? 

A) it disappears  B) it appears large in size   

C) it appears small in size  D) it appears of same size 



5. A hollow double concave lens is made of very thin transparent material. It can be filled with air or either 

of two liquids L1 and L2 having refractive indices n1and n2 respectively (n2 >  n1>1). In which of the 

following case/cases the lens will converge a parallel beam of light on being filled with                                                                                    

A) air and placed in air   B) air and immersed in L1    

C) L1 and immersed in L2   D) L2 and immersed in L1 

ANSWERS(Case Study Questions):  

 ANS (i) ANS (ii) ANS (iii) ANS (iv) ANS (v) 

Q.NO. 1 A C A C B 

Q.NO. 2 A A D A D 

Q.NO. 3 A D B A B 

Q.NO. 4 D B C B A 

Q.NO. 5 C B C A D 

 



TWO MARK QUESTIONS: 

Question1- A small illuminated bulb is at the bottom of a tank, containing a liquid of refractive index 
upto a height H. Find the expression for the diameter of an opaque disc, floating symmetrically on the 
liquid surface in order to cut-off the light from the bulb. 
Answer1- It is only the light coming out from a cone of 

 
Question2-An object AB is kept in front of a concave mirror as shown in the figure.  

 

 
 

i. Complete the ray diagram showing the image formation of the object. 



ii. How will the position and intensity of the image be affected if the lower half of the mirror’s reflecting 
surface is painted black? 
 
Answer2-  

 
ii. No change in position of image and its intensity will get reduced. 

 
Question3-Three immiscible liquids of densities d1 > d2 > d3 and refractive indices µ1 > µ2 > µ3 are pot 
in a beaker. The height of each liquid column is h/3. A dot is made at the bottom of the beaker. For near 
normal vision, find the apparent depth of the dot.  

 
Answer3- here, real depth of dot under liquid of density d1 is h/3. If x1 is apparent depth seen from air 

then  µ1 = 
ℎ

3
/𝑥1           or                 x1 =  ℎ/3µ1 

Similarly, apparent depth of the dot when seen from air through two other liquids are 
X2 = h/3µ2                       and                        x3  =    h/3µ3 
So apparent depth of dot seen from air through the three liquids is  
X  =   x1 + x2 + x3  =   h/3µ1 +  h/3µ2  +   h/3µ3   = h/3[1/ µ1 + 1/ µ2 + 1/ µ3] 

 
Question4-A mobile phone lies along the principal axis of a concave mirror, as shown in Fig Show by 
suitable diagram, the formation of its image. Explain why the magnification is not uniform. Will the 
distortion of image depend on the location of the phone with respect to the mirror? 

 
Answer4 - The ray diagram for the formation of the image of the phone is shown in Fig  The image of the 
part which is on the plane perpendicular to principal axis will be on the same plane. It will be of the 
same size, i.e., B′C = BC.  
The different parts of the mobile phone are magnified in different proportions because of their different 
locations from the concave mirror. So, the image is distorted. 

 
Question5-i. Show that the convex lens produces an N - times magnified image when the object 

distances from the lens have magnitudes (𝒇 ±
𝒇

𝑵
). Here f is the magnitude of the focal length of the lens. 

ii. Hence find the two values of object distance, for which a convex lens of power 2.5 D, will produce an 
image that is four times as large as the object. 

Answer5-i.  𝑚 =
𝑣

𝑢
=

𝑓

𝑢 + 𝑓
𝑜𝑟, ±𝑁 =

𝑓

𝑢 + 𝑓
 𝑜𝑟, 𝑓 + 𝑢 =

𝑓

± 𝑁
 𝑜𝑟, 𝑢 = −𝑓 ±

𝑓

𝑁
 

Magnitudes of object distance 𝑢 = 𝑓 ±
𝑓

𝑁
 



ii. 𝑃 =
1

𝑓
𝑜𝑟, 𝑓 =

1

𝑃
= 0.4 𝑚 = 40 𝑐𝑚.f = 40 cm and N = 4. 

ii) f = 40 cm, N = 4    𝑢 = 40 +  
40

4
= 40 + 10 = 50 𝑐𝑚.&𝑢 = 40 −  

40

4
= 30 𝑐𝑚. 

Question6-Use the mirror equation to show that  
i. An object placed between f and 2f of a concave mirror produces a real image beyond 2f. 
 

Answer6- i.  
1

𝑓
=

1

𝑣
+

1

𝑢
  For a concave mirror, f is negative. For a real object (on the left of mirror  

1

𝑣
  is 

negative and greater than 2f. this means that the image lies beyond 2f and it is real. 
ii. For a convex mirror f is positive. For a real object on the left u is negative and f is positive that is image 
lies behind the mirror Image is virtual for all values of u 

iii. For a concave mirror f < 0 u is negative so f < u < 0 i.e. 
1

f
−  

1

u
> 0 i.e. v is positive image is on the right 

and hence virtual m = -
f

u−f
 as u is negative and f is positive, therefore m>1. 

 
Question7-The distance of an object and its real image measured from the focus of a concave mirror are 
a and b respectively. Show that 𝑓2 = 𝑎𝑏. Where f is focal length of the mirror.  

Answer7-𝑢 = −(𝑓 + 𝑎), 𝑣 = −(𝑓 + 𝑏), 𝑓 = −𝑓 𝑁𝑜𝑤,
1

𝑓
=

1

𝑣
+

1

𝑢
∴ 𝑓 =

𝑢𝑣

𝑢+𝑣
. 

𝑜𝑟, −𝑓 =
[−(𝑓 + 𝑎) 𝑥 − (𝑓 + 𝑏)]

−(𝑓 + 𝑎) − (𝑓 + 𝑏)
=

(𝑓 + 𝑎)(𝑓 + 𝑏)

−𝑓 − 𝑎 − 𝑓 − 𝑏
=

𝑓2 + 𝑎𝑓 + 𝑏𝑓 + 𝑎𝑏

−(2𝑓 + 𝑎 + 𝑏)
 

𝑜𝑟, 𝑓2 + 𝑎𝑓 + 𝑏𝑓 + 𝑎𝑏 = 2𝑓2 + 𝑎𝑓 + 𝑏𝑓  ∴ 𝑓2 = 𝑎𝑏. 
 

Qestion8-An equi-convex lens of focal length f is cut into two identical Plano convex lenses. How will the 
focal length and power of each part be related to the focal length and power of the original lens? 
Answer8 - for the original lens 𝑅1 = 𝑅 𝑎𝑛𝑑 𝑅2 = −𝑅 

So, 
1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑅2
] = (𝑛 − 1) [

1

𝑅
+

1

𝑅
] ∴

1

𝑓
=

2(𝑛−1)

𝑅
 

For each Plano-convex part, 𝑅1 = 𝑅 𝑎𝑛𝑑 𝑅2 = −∞,  

So, 
1

𝑓′ = (𝑛 − 1) [
1

𝑅1
−

1

𝑅2
] = (𝑛 − 1) [

1

𝑅
+

1

∞
] ∴

1

𝑓
=

(𝑛−1)

𝑅
 Now, 

𝑓′

𝑓
= 2 ∴ 𝑓′ = 2𝑓. 

Thus, the focal length becomes double and power becomes one-half. 
 
Question9-What is a totally reflecting prism? Draw ray diagrams to show how a right angled isosceles 
prism can be used to  
i. Deviate a ray through 90  ii. Deviate a ray through 180  and  
iii. Invert an image without the deviation of the rays. 
Answer9- Totally reflecting prism - A right-angled isosceles prism called a totally reflecting prism. 
Whenever a ray falls normally on any face of such a prism, it is incident on the inside face at 45 that is at 
an angle greater than the critical angle of glass (about 42 ); hence this ray is always totally internally 
reflected. 

i.  To deviate a ray through 90 . ii. To deviate a ray through 180 (Porro-prism). 



  
 

iii. To invert an image without deviation of rays (Erecting prism). 
  
Question10-A right angle prism is placed as shown in the figure. Given that the prism is made of glass 
with critical angle 40°, trace the path of the ray P incident normal to the face AC. 

 

 
Answer10 -  

 
From the given figure, incident angle = 0 Then angle of refraction will be zero. Thus the light ray will pass 
through the prism undeviated, and reaches to the other end of prism. The second angle of incident = 45° 
which is greater than the critical angle of prism. Hence the light ray undergoes the phenomenon of total 
internal reflection making angle 90° with the incident ray. 

 
Question11-A ray of light is incident on a medium with angle of incident I sand refracted into a second 
medium with angle of refraction r. the graph of sin 𝑖 versus sin 𝑟 as shown in this figure. Find the ratio of 
the velocity of light in the second medium. 
 

sin 𝑟 
 
 
 

                        𝜃 
                           sin 𝑖 

 
 



Answer11 - Slope of the graph, 

tan 𝜃 =
sin 𝑟

sin 𝑖
 𝑜𝑟,

1

cot 𝜃
=

sin 𝑟

sin 𝑖
 ∴ cot 𝜃 =

sin 𝑖

sin 𝑟
  𝑁𝑜𝑤, 𝑛 = 

sin 𝑖

sin 𝑟
=

𝑣1

𝑣2
 ∴

𝑣1

𝑣2
=

sin 𝑖

sin 𝑟
= cot 𝜃. 

 
Question12-A right angled prism made from a material of refractive index 𝜇 is kept in air. A ray PQ is 
incident normally on the side AB of the prism as shown. 

 
Find (in terms of 𝜇) the maximum value of 𝜃 up to which this incident ray necessarily undergoes total 
internal reflection at the face AC of the prism.  
Answer12-  
The angle of incidence at the face AC = i But i = A  
(Angle between two lines is the same as the angle between their perpendiculars)  

Also 𝜃 = (
𝜋

2
− 𝐴) = (

𝜋

2
− 𝑖) The minimum value of i, so that there is total internal  

reflection at the face AC, equals ic where  sin 𝑖𝑐 =
1

𝑛
 𝑜𝑟, 𝑖𝑐 = 𝑠𝑖𝑛−1 (

1

𝑛
).   

The maximum value of 𝜃 corresponding to the minimum value of ic.  

So, 𝜃𝑚𝑎𝑥 = (
𝜋

2
− 𝑖𝑐) = [

𝜋

2
− 𝑠𝑖𝑛−1 (

1

𝑛
)].  

 

 
3 MARK QUESTIONS: 
 
Question1- You are given three lenses L1 L2 and L3 each of focal length 15 cm. An object is kept at 20 cm 

in front of L1, as shown. The final real image is formed at the focus ‘I’ of L3. Find the separations between 

L1, L2 and L3. 

 
Answer1- 

Let f1 f2 and f3 be the focal length of three lenses. 

For lens L1 : u = 20 cm 

 
It shows that lens infinite. 

Hence for lens L1, image is formed at a distance of 15 cm from L2 

∴ the focus of L2 i.e. u2 = 15 cm 

Now, to calculate the distance between L1 and L2, 



u1 + H2 = 60 + 15 = 75 cm 

Distance between L2 and L3 = v2 + v3 = ∞ or can be any value. 

 

Question2- An equiconvex lens of refractive index µ1, focal length ‘f’ and radius of curvature ‘R’ is 

immersed in a liquid of refractive index µ2. For 

(i) µ2 > µ1, and 

(ii) µ2 < µ1, draw the ray diagrams in the two cases when a beam of light coming parallel to the principal 

axis is incident on the lens. Also find the focal length of the lens in terms of the original focal length and 

the refractive index of the glass of the lens and that of the medium. 

 
Answer2- 
(i) The ray diagrams are as shown below: 

 
Question3- Draw a schematic ray diagram of reflecting telescope showing how rays coming from a 
distant object are received at the eye-piece. Write its two important advantages over a refracting 
telescope. (Delhi 2016) 
Answer3- Reflecting telescope. Telescope with mirror objectives is called reflecting telescope. This is 
also known as Cassegrain telescope / Newtonian telescope. The ray diagram of reflecting type telescope 
is shown in figure. 

 
Advantage over refracting telescope : 

1. Since reflecting telescope has mirror objective, so the image formed is free from chromatic 
aberration. 

2. Since the spherical mirrors are parabolic mirrors, free from spherical aberration, they produce a 
very sharp and distinct image. 

 



Question4-  A fish in a water tank sees the outside world as if it (the fish) is at the vertex of a cone such 
that the circular base of the cone coincides with the surface of water. Given the depth of water, where 
fish is located, being ‘h’ and the critical angle for water-air interface being ‘ic‘, find out by drawing a 
suitable ray diagram the relationship between the radius of the cone and the height ‘h’.  
 
Answer4- 
Let the fish beat point B, and OA is the base of the water 

 

Question5- Trace the rays of light showing the formation of an image due to a point object placed on 
the axis of a spherical surface separating the two media of refractive indices n1 and n2. Establish the 
relation between the distances of the object, the image and the radius of curvature from the central 
point of the spherical surface.Answer5- 

 



By applying Cartesian sign convention, 
OM = -M, MI = -v, MC = +R 
Substituting these values in (iii), we get 

 
This equation gives us a relation between object and image distance in terms of refractive index of the 
medium and the radius of the curvature of the curved spherical surface. It holds for any curved spherical 
surface. 

 
Question6-  Draw the labelled ray diagram for the formation of image by a compound microscope. 
Derive the expression for the total magnification of a compound microscope. Explain why both the 
objective and the eyepiece of a compound microscope must have short focal lengths. 
Answer6-  Compound Microscope : 

 
Magnifying power : The magnifying power of a compound microscope is defined as the ratio of the 
angle subtended at the eye by the final virtual image to the angle subtended at the eye by the object, 
when both are at the least distance of distinct vision from the eye. 

 
As the object AB is placed close to the focus f0 of the objective 
∴ u0 = -fo 
Also image A’B’ is formed close to the eyelens whose focal length is short, therefore v0 = L = the length 
of the microscope tube or the distance between the two lenses 

 
(i) If the focal lengths are less, then their magnifying power will be more. 
(ii) To avoid any aberrations in refraction due to larger bend on passing through the eye-piece. 
 
Question7- Draw a labelled ray diagram of a refracting telescope. Define its magnifying power and write 
the expression for it. 
Write two important limitations of a refracting telescope over a reflecting type telescope. 



Answer7- Refracting telescope : 

 
 
Magnifying power. It is defined as the ratio of angle (β) subtended by the final image on the eye to the 
angle (α) subtended by object on eye. 

 
Limitations of refracting telescope over a a reflecting type telescope : 

1. It suffers from chromatic aberration due to refraction and hence the image obtained is 
multicoloured and blurred. 

2. As a lens of large apparatus can’t be manufactured easily, its light gathering power is low and 
hence can’t be used to see faint stars. 

 
Question8- A microscope as focused on a dot at the bottom of the beaker. Some oil is poured into the 
beaker to a height y cm and it is found necessary to raise the microscope through a vertical distance of x 
cm to bring the dot again into focus. Express refractive index of oil in terms of x and y. 
Answer8-  use the concept of real depth and apparent depth (normal shift) 
µ = real depth/ apparent depth. 
 µ= x/y 
 
Question9- Define refractive index of a transparent medium. A ray of light passes through a triangular 
prism.  

(i) Plot a graph showing the variation of the angle of deviation with the angle of incidence.  
(ii) Obtain relation between the refractive index of the prism and angle of minimum deviation. 

Answer9- Refractive index of a transparent medium is the ratio of the speed of light in free space to 
the speed in the given medium. 

 



 
 
 

Question10-  Write the Lens Maker’s formula and use it to obtain the range of values of µ (the refractive 
index of the material of the lens) for which the focal length of an equiconvex lens, kept in air, would 
have a greater magnitude than that of the radius of curvature of its two surfaces.  
 
Answer10-  Lens maker’s formula : 
Consider a thin double convex lens of refractive index n2 placed in a medium of refractive index n1. 
Here n1 < n2. Let B and D be the poles, C1 and C2 be the centres of curvature R1and R2 be the radii of 
curvature of the two lens surfaces ABC and ADC, respectively. 
 
 
 

 
For refraction at surface ABC, we can write the relation between the object distance u, image distance 
v1 and radius of curvature R1 as 



 

 
 
Hence required range is 1.0 < µ < 1.5 

 

NUMERICALS : 
 

1. A beam of light converges at a point P. Now a lens is placed in the path of the convergent beam 
12 cm from P. At what point does the beam converge if the lens is  
i. a convex lens of focal length 20 cm,         ii. a concave lens of focal length 16 cm ? 
 

 
2. Monochromatic light of wavelength 589 nm is incident from air on a water surface. If for water is  

n = 4/3, find the wavelength, frequency and speed of the refracted light. 
 

3. A point source of light is placed at the bottom of a lake with refractive index 4/3.  Show that only 
17% light can emerge out of the water surface.    
The fraction of light energy that can escape is the fraction 
of the solid angle which allows it to pass without total 

internal reflection.  

 

 

 

                                                     C 

 

                                                    C 

 

 

 



4. A point object O is kept at a distance of 30 cm from a convex lens of power + 4D towards its left. 
It is observed that when a convex mirror is kept on right side at 50 cm from the lens, the image 
of object O formed by lens-mirror combination coincides with object itself. Calculate focal length 
of mirror. 

5. The focal length of an equi-convex lens is equal to the radius of curvature of either face. What is 
the refractive index of the lens material? 

6. One face of a prism of refracting angle 30 and refractive index 1.414 is silvered. At what angle 
must a ray of light fall on the silvered face so that after refraction into the prism and reflection at 
the silvered surface it retraces its path? 
 

 
 

7. A small bulb is placed at the bottom of a tank containing water to a depth of 80 cm. What is the 
area of the surface of water through which light from the bulb can emerge out? Refractive index 
of water is 1.33. Consider the bulb to be a point source. 

 

    
                                                      ---------------------- 

 
EXPECTED ANSWERS OF NUMERICALS BASED ON RAY OPTICS: 

 
1. Ans.: - u = + 12 cm, f = + 20 cm.                              Ans: -  u = + 12 cm, f = - 16 cm 

 
1

𝑣
−

1

𝑢
=

1

𝑓
 𝑜𝑟,

1

𝑣
=

1

𝑓
+

1

𝑢
=

1

20
+

1

12

1

𝑣
−

1

𝑢
=

1

𝑓
 𝑜𝑟,

1

𝑣
=

1

𝑓
+

1

𝑢
=

1

−16
+

1

12
 

∴ 𝑣 = 7.5     ∴ 𝑣 = 48 𝑐𝑚. 
Ans.: - u = + 12 cm, f = + 20 cm.                              Ans: -  u = + 12 cm, f = - 16 cm 
 

2. Ans: -𝜆′ =
𝜆

𝑛
=

589

4/3
= 441.75 𝑛𝑚, 𝜗 =

𝑐

𝜆
=

3 𝑥 108

589 𝑥 10−9  ∴ 𝜗 = 5.09 𝑥 1014 𝐻𝑧. 

𝑣′ =
𝑐

𝑛
=

3 𝑥 108

4

3

∴ 𝑣′ = 2.25 𝑥 108𝑚𝑠−1.  

 

3. Ans: - Let the critical angle be C, so that, sin C = 
1

𝑛
 



Where ‘n’ is the refractive index of water.  

Fraction of solid angle = 
2𝜋

4𝜋
(1 − cosC) =

1

2
−

1

2
√1 − sin2C 

                                         = 
1

2
−

1

2𝑛
√n2 − 1   = 

1

2
−

1×3

2×4
√(

4

 3 
)

2

− 1    = 0.17= 17%.  

4. Ans: - Image formed by combination coincides with the object itself. i. e. I is the Centre of 
curvature of convex mirror. 

1

𝑣
−

1

𝑢
=

1

𝑓
 𝑜𝑟,

1

𝑣
−

1

−30
=

1

25
 ∴ 𝑣 = 150 𝑐𝑚. 𝑓𝑚 =

𝑀𝐼

2
=

LI –  LM

2
= 50 𝑐𝑚. 

 

5. Ans: -𝑅1 = +𝑅, 𝑅2 = −𝑅  & 𝑓 = 𝑅 ∵
1

𝑓
= (𝑛 − 1) [

1

𝑅1
−

1

𝑟2
] = (𝑛 − 1) [

1

𝑅
−

1

−𝑅
] 

1

𝑓
= (𝑛 − 1) [

1

𝑅
+

1

𝑅
] 

1

𝑅
= (𝑛 − 1) [

1 + 1

𝑅
] = (𝑛 − 1)

2

𝑅
∴ (𝑛 − 1) =

1

2
 𝑠𝑜, 𝑛 = 1 +

1

2
 ∴ 𝑛 = 1.5 

 
6. Ans: - The ray will retrace its path at the silvered face when it is incident normally on it. 

𝑟 = 300, 𝑛 =
sin 𝑖

sin 𝑟
 𝑜𝑟, 1.414 =

sin 𝑖

sin 300
= 2 sin 𝑖 = √2 𝑜𝑟, sin 𝑖 =

√2

2
 𝑥 

√2

√2 𝑥 √2
 

𝑜𝑟, sin 𝑖 =
√2

2
 𝑥 

1

√2
 𝑜𝑟, sin 𝑖 = sin 450 ∴ 𝑖 = 450. 

 
7. Ans: -The light rays from the small bulbs S which are incident at an angle greater than critical 

angle are totally internally reflected and cannot emerge out of water surface. The light from the 
bulb S comes out through a circular patch of radius r given by 

tan 𝑖𝑐 =
𝑂𝐴

𝑂𝑆
=

𝑟

ℎ
 𝑜𝑟, 𝑟 = ℎ tan 𝑖𝑐 𝑁𝑜𝑤, ℎ = 0.8 𝑚 𝑎𝑛𝑑 sin 𝑖𝑐 =

1

𝑛
=

1

1.33
=

3

4
 

𝑁𝑜𝑤, 𝑠𝑜, cos 𝑖𝑐 = √1 − 𝑠𝑖𝑛2𝑖𝑐 = √1 − (
3

4
)

2

∴ cos 𝑖𝑐 = √1 −
9

16
=

√7

4
. 

 𝑠𝑜, tan 𝑖𝑐 =
3

√7
  𝑠𝑜, 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑝𝑎𝑡𝑐ℎ = 𝜋𝑟2 = 𝜋ℎ2𝑡𝑎𝑛2𝑖𝑐 = 2.6 𝑚2. 

 

ADDITIONAL QUESTIONS: ONE MARK QUESTION : 
 
Question1-why are mirrors used in search lights parabolic and not concave spherical? 
Answer1-in search lights we need an intense parallel beam of light if a source is placed at the focus of a 
concave spherical mirror only paraxial rays are rendered Parallel due to large aperture of mirror 
marginal rays give a divergent beam. But in case of parabolic mirror when source is at focus beam of 
light produced over the entire cross section of the mirror is parallel beam. 
Question2- suppose that the lower half of a concave mirror reflecting surface is covered with an  
opaque non-reflecting material what effect will this have on the image of an object placed in front of the 
mirror? 
 
Answer2-  as laws of reflection are true for all points of the mirror the image will be of the whole object 
(and not of half object as expected erroneously) however as area of the reflecting surface has been 
reduced the intensity of the image will reduce. 
 
Question3- will the reflected rays converge at a point when a parallel beam of light is incident on a 
concave mirror of large aperture? 
 



Answer3 - No, this occurs because of the spherical aberration of the mirror. Paraxial rays are focused at 
the principal focus and marginal rays are focused between pole and principal focus of the mirror. 
 
Question4-  Why does a Ray of light bend towards normal as it passes from air to glass? 
 
Answer4- According to snell’s law of refraction µ2/µ1 = sini/sinr. Since µ2>µ1 so sini>sinr i.e. i>r 
 
Question5- can the relative refractive index of a medium with respect to another medium be less than 
unity? 
Answer5- No, this is because absolute refractive index µ = c/v. and v is always less than c, 
 
Question6- the critical angle for glass air interface is C and for glass water interface is C'. how are C and 
C' related? 
Answer6-sinC = 1/ aµg= 2/3 and sinC’ =  1/wµg= 8/9.   As sinC’ >sinC  so C’ > C 
 
Question7- the surfaces of sunglasses are curved yet their power may be zero. why? 
Answer7 – Both surfaces of the sun glasses are curved. 
Also, R1=R2 hence by using lens makers formula P = 0  
 
Question8-a telescope has been adjusted for relaxed eyes how will you change the distance between 
objective lens and eye lens if final image is to be seen at the least distance of distinct vision. 
Answer8- for relaxed eye, L = Fo + Fe (normal adjustment). 
To form image at the least distance of distinct vision L’ = Fo + ue and ue< Fe. 
So L’ < L. hence the distance between objective and eyepiece has to be reduced. 
 
Question9- does a passenger in a aeroplane can see a rainbow? 
Answer9- a passenger in an aeroplane may see a primary and secondary rainbow like concentric circles. 
Question 10-A glass lens of refractive index 1.5 is placed in a trough of liquid. What must be the 
refractive index of the liquid in order to mark the lens disappear? 
Answer10-In order to make the lens disappear the refractive index of liquid must be equal to 1.5 i.e. 
equal to that of glass lens. 
Question 11-A converging lens of refractive index 1.5 is kept in a liquid medium having same refractive 
index. What would be the focal length of the lens in this medium? 
Answer11-The lens in the liquid will act like a plane sheet of glass 
∴Its focal length will be infinite (∞) 

 
Question12-How does the power of a convex lens vary, if the incident red light is replaced by violet 
light? 
Answer12-According to Lens Maker’s formula 

 
∴ power of the lens will be increased. 



Question 13-How does the angle of minimum deviation of a glass prism vary, if the incident violet light is 
replaced with red light? 
Answer13-We know that λ red > λ violet, therefore µ red < µ violet and hence δ red < δ violet. 
When incident violet light is replaced with red light, the angle of minimum deviation of a glass 
decreases. 
Question 14- Why does the bluish colour predominate in a clear sky? 
Answer14-Blue colour of the sky : The scattering of light by the atmosphere is a colour dependent. 
According to Rayleigh’s law, the intensity of scattered light I∝1λ4, blue light is scattered much more 
strongly than red light. Therefore, the colour of sky becomes blue. The blue component of light is 
proportionately more in the light coming from different parts of the sky. This gives the impression of the 
blue sky. 
 
Question 15- How does the angle of minimum deviation of a glass prism of refractive index 1.5 change, 
if it is immersed in a liquid of refractive index 1.3?  
Answer15- 

 
Hence angle of deviation is decreased. 
Question 16-Two thin lenses of power + 4D and – 2D are in contact. What is the focal length of the 
combination? 
Answer16- 

 
Question 17-State the conditions for the phenomenon of total internal reflection to occur. 
Answer17- 
Two essential conditions for total internal reflection are : 

1. Light should travel from an optically denser medium to an optically rarer medium. 
2. The angle of incidence in the denser medium must be greater than the critical angle for the two 

media. 
Question 18.Calculate the speed of light in a medium whose critical angle is 30°. 
Answer18- 

 
∴ Speed of light, v = 1.5 × 108 ms-1 
Question 19-When light travels from a rarer to a denser medium, the speed decreases. Does this 
decrease in speed imply a decrease in the energy carried by the light wave? Justify your answer. 
Answer19-No, the energy carried by the lightwave remains the same. 



Reason : As energy E = hv 

 
Here frequency remains same. 
Question 20-When monochromatic light travels from one medium to another its wavelength changes 
but frequency remains the same. Explain. 
Answer20-If v1 and v2 denote the velocity of light in medium 1 and medium 2 respectively and λ1 and 
λ2 denote the wavelength of light in medium 1 and medium 2. Thus 

 
The above equation implies that when a wave gets refracted into denser medium (v1 > v2) the 
wavelength and the speed of propagation decreases but the frequency v (=v/λ) remains the same. 
Question 21-Under what condition does a biconvex lens of glass having a certain refractive index act as 
a plane glass sheet when immersed in a liquid? 
Answer21- 
When the refractive index of glass of biconvex lens is equal to the refractive index of the liquid in which 
lens is immersed 
or µ1 = µg 
Question 22-For the same value of angle of incidence, the angles of refraction in three media A, B and C 
are 15°, 25° and 35° respectively. In which medium would the velocity of light be minimum?  
Answer22- 

 
∴ Velocity of light is minimum in medium A. 
Question 23-Two thin lenses of power -4D and 2D are placed in contact coaxially. Find the focal length 
of the combination.  
Answer23-Power of combination = – 4D + 2D = – 2D 

 
∴ Focal length, f = – 50 cm 
Question 24-When red light passing through a convex lens is replaced by light of blue colour, how will 
the focal length of the lens change? 
Answer24-Focal length of lens will decrease μv>μr 
Question 25-If the wavelength of light incident on a convex lens is increased, how will its focal length 
change? 
Answer 25- 

 
Question 26-A convex lens is placed in contact with a plane mirror. A point object at a distance of 20 cm 
on the axis of this combination has its image coinciding with itself. What is the focal length of the lens?  
Answer26-Focal length of lens = 20 cm 



 
(Hint: Rays coming out of lens are incident normally on plain mirror and hence reflected rays will trace 
the path of incident ray, hence forming image on the object itself, thus object and image overlapping 
each other at F of convex lens.) 
Question 27-A biconvex lens made of a transparent material of refractive index 1.25 is immersed in 
water of refractive index 1.33. Will the lens behave as a converging or a diverging lens? Give reason. 
Answer27-The lens will behave as a diverging lens, because -1) 

 
The value of (µ – 1) is negative and ‘f’ will be negative. 
Question 28-A biconvex lens made of a transparent material of refractive index 1.5 is immersed in water 
of refractive index 1.33. Will the lens behave as a converging or a diverging lens? Give reason. 
Answer28-The lens will behave as a converging lens because 

 
Hence value of ‘f’ will be positive. 
Question 29-Why must both the objective and the eye piece of a compound microscope have short 
focal lengths? 
Answer29-For getting higher magnification in compound microscope, both objective and eyepiece must 
have short focal length, because 

 
 
 
 

 

 

 

 

 

 

 

 

 



PRACTICE PAPER 
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1 CASE STUDY : Optical Fibre  
Nowadays optical fibres are extensively used for transmitting audio and video signals through 
long distances. Optical fibres are fabricated with high quality composite glass/quartz fibres. Each 
fibre consists of a core (inner part) and cladding (outer part).  When a signal in the form of light is 
directed at one end of the fibre, comes out at the other end with no appreciable loss in the 
intensity of the light signal Thus, an optical fibre can be used to act as an optical pipe. A bundle 
of optical fibres can be put to several uses. Optical fibres are extensively used for transmitting 
and receiving electrical signals which are converted to light by suitable transducers. Obviously, 
optical fibres can also be used for transmission of optical signals. For example, these are used as 
a ‘light pipe’ to facilitate visual examination of internal organs like oesophagus, stomach and 
intestines.  
 
i. Optical fibre works on the phenomenon of  
   a. Reflection 
   b. Refraction 
   c. Total internal reflection 
   d. Diffraction 
 
ii. In an Optical fibre, the refractive index of the material of the core be n1and that of the 
refractive index of cladding be n2. Which of the following option is correct? 
       a. n1>n2 
       b. n1<n2 
       c. n1=n2 
      d. None 
 
iii. Optical fibres can be  
     a. used for transmitting audio and video signals through long distances 
     b. used to facilitate visual examination of internal organs like oesophagus, stomach and               
          intestines 
     c. used for transmission of optical signals 
     d. All the above 
 
iv. Total Internal reflection occurs when a light ray travel from 
     a. Rarer medium to denser medium 
     b. Denser medium to rarer medium 
     c. Denser medium to denser medium 
     d. Rarer medium to rarer medium. 
v. Critical angle is the 
    a. angle of incidence in denser medium for which angle of refraction in rare medium is 900 
    b. angle of incidence in rare medium for which angle of refraction in denser medium is 900 
    c. angle of refraction in denser medium for which angle of incidence in rare medium is 900 
    d. angle of refraction in rare medium for which angle of incidence in denser medium is 900  
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2. Sparking Brilliance of Diamond: 

 
The total internal reflection of the light is used in polishing diamonds to 
create a sparking brilliance. By polishing the diamond with specific cuts, it 
is adjusted the most of the light rays approaching the surface are incident 
with an angle of incidence more than critical angle. Hence, they suffer 
multiple reflections and ultimately come out of diamond from the top. This 
gives the diamond a sparking brilliance. 
1. Light cannot easily escape a diamond without multiple internal 
reflections. This is because: 
a) Its critical angle with reference to air is too large 
b) Its critical angle with reference to air is too small 
c) The diamond is transparent 
d) Rays always enter at angle greater than critical angle 
2. The critical angle for a diamond is 24.4o. Then its refractive index is- 
a) 2.42 
b) 0.413 
c) 1 
d) 1.413 
3. The basic reason for the extraordinary sparkle of suitably cut 
diamond is that 
a) It has low refractive index 
b) It has high transparency 
c) It has high refractive index 
d) It is very hard 
4. A diamond is immersed in a liquid with a refractive index greater 
than water. Then the critical angle for total internal reflection will 
a) will depend on the nature of the liquid 
b) decrease 
c) remains the same 
d) increase 
5. The following diagram shows same diamond cut in two different 

shapes. 

 
The brilliance of diamond in the second diamond will be: 
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a) less than thefirst 

b) greater thanfirst 

c) same asfirst 

d) will depend on the intensity oflight 

3  Draw a ray diagram of an astronomical telescope in the normal adjustment position. State two 
drawbacks of this type of telescope. 

2 

4 The radii of curvature of the faces of a double convex lens are 10 cm and 15 cm. If focal length 

of the lens is 12 cm, find the refractive index of the material of the lens. 

2 

5 A ray of light, incident on an equilateral glass prism (µg = √3 ) moves parallel to the base line of 

the prism inside it. Find the angle of incidence for this ray. 

2 

6   In the following ray diagram, calculate the speed of light in the liquid of unknown refractive 
index. 

 

2 

7 A right angled prism made from a material of refractive index 𝜇 is kept in air. A ray PQ is incident 
normally on the side AB of the prism as shown. 

 
Find (in terms of 𝜇) the maximum value of 𝜃 up to which this incident ray necessarily undergoes 
total internal reflection at the face AC of the prism.  
 

2 

8 Draw a ray diagram showing the image formation by a compound microscope. Hence obtain the 

expression for total magnification when the image is formed at infinity. 

3 

  9 A ray of light passes through an equilateral prism in such a way that the angle of incidence is 

equal to the angle of emergence and each of these angles is 3/4 times the angle of the prism. 

Determine 

(i) the angle of deviation and 

(ii) the refractive index of the prism. 

  3 



13 
Two monochromatic rays of light are incident normally on the face AB of an isosceles right 
angled prism ABC. The refractive indices of the glass prism for the two rays ‘1’ and ‘2’ are 
respectively 1.35 and 1.45. Trace the path of these rays entering through the prism.  

 
 

3 

14 You are given two converging lenses of focal lengths 1.25 cm and 5 cm to design a compound 

microscope. If it is desired to have a magnification of 30, find out the separation between the 

objective and the eyepiece. 

3 

15 A small illuminated bulb is at the bottom of a tank, containing a liquid of refractive index upto a 

height H. Find the expression for the diameter of an opaque disc, floating symmetrically on the 

liquid surface in order to cut-off the light from the bulb. 

3 

 



CHAPTER 10 

WAVE OPTICS 

GIST OF LESSON: 

LIGHT: - It is a form of energy which on entering our eyes gives us the sensation of sight. Light 

is use to see the objects but the light is itself is invisible. 

(A)-Newton’s Corpuscular Theory Of Light:- first of all Newton studied about light and  

put  Forward  “NEWTONS CORPUS THEORY “.According to this theory light consist of tiny 
weightless particles called corpuscles which are shot out by luminous objects with speed of 
about 3000 km/sec. 
 By this theory Newton can able to explain reflection and refraction. In reflection the corpuscles 
bounce off from the surface while in reflection the corpuscles are attracted by the material of 
the medium and are allowed to penetrate through it.   

Drawbacks: (1) the phenomenon like interference, diffraction, polarization etc. could not 

explained by corpuscular theory.(2) Newton theoretically proved that the velocity of light in the 
medium ‘v’ is greater than the velocity of light in air vacuum ‘c’ i.e. v > c, which is not correct. 

(B)-Huygen’s Wave Theory:- Christian Huygen’s  gave a theory –According to this theory 

“light is a form of energy which propagate from source as a wave motion (i.e. disturbance in a 
medium) with speed 3  108 m/sec in a hypothetical medium called ether. 
 This theory can explain reflection, refraction, diffractions, polarization interference etc. It also 
prove that v < c. 

Drawbacks: (1) Either is not ever seen yet. (2) Photoelectric effect and Compton’s effect 

cannot be explained by this theory. 

(C) Maxwell’s Electromagnetic Wave Theory: -According to Maxwell- light propagate in 

the form of electromagnetic waves, consist of electric field and magnetic field mutually 
perpendicular to the direction of propagation of light. Electromagnetic waves are transverse 
wave with c = 3 108 m/sec in air. Thus difficult of either were removes. It is experimentally 
demonstrated by Hertz and gave support to the wave theory of light. 

(D) Quantum Theory   (E) Dual Nature Of Light 

• WAVE FRONT: - The locus of all the particles of a medium, which are vibrating in the 

same phase, is defined as wave front. On the basis of the shape of the source wave front 
can be of three types: - 

(A)Spherical Wave Front: - When the source of light is a point source, then the wave front 

is a sphere with center at the source i.e. A wave front is three dimensional space is called 
spherical wave front. 
 When the propagation of light is taken in two dimensions then wave front is called circular 
wave front. 



 

 
(B) Cylindrical Wave Front: - When the source of light is linear (i.e. slit), all the points’ 

equidistance from the source lie on a cylinder, then wave front is called cylindrical.                                          

(C)Plane Wave front: -When a source of light is at very distance, a small portion of the 

spherical or cylindrical wave front appears to be plane then it is called plane wave front. 

RAY: -A straight line normal (perpendicular) to the  wave front is called ray.  

Huygen’s Principle (Or Construction): -Huygens gave a hypothesis for geometrical 

construction of a wave front at any instant. This principle tells us how to predict a new wave 
front if position of an earlier wave front is known, and the way in which the wave front is 
propagated further in medium. It is based on following assumption. 
 (1) Each point on a wave front acts as a new source of disturbance called secondary source. 
The disturbance from the points is called secondary wavelets, which travel in all direction with 
velocity of light in that medium. 
(2) The new wave front at any later time is obtained by taking forward envelop of the 
secondary wavelets at that time 

Illustration: Consider a primary wave front AB at any instant. Then according to Huygens 

principle each point on the wave front AB is center of a new disturbance called secondary 
wavelets. To find the position of secondary wave front after time ‘t’ consider points 1,2,3,… on 
AB. Distance traveled by the light = c  t. Take each point as a center draw spheres of radius (ct). 
These spheres represent secondary wavelets at time‘t’. If we draw a tangential surface A1B1 
touching tangentially all the wavelets in forward direction then is called secondary wave front. 



 
The surface A2 B2 touching tangentially all the secondary wavelets in backward flow direction 
called backward secondary wave front. Huygens assumed that Voigt and Kirchoff explained no 
backward wave front as such ex\is\t .The absence of balanced secondary wave front by 
mathematical treatment.           
By superposition of wave the amplitude of the particles in a back wave front is zero and there is 
no backward flow of energy. The effective part of secondary wavelet is the portion, which lies 
on the forward secondary wave front.If radius of spherical wave front is large then it appears as 
a plane wave front as in Fig.-b. 

Reflection Of Light By Wave Theory: -Let M1M2 be a reflecting surface and PQ be a plane 

wavefront incident on it at QPP/ (= i  angle of incident). Let 1, 2 and 3 represent the 
corresponding incident rays perpendicular to wavefront PQ. 
According to Huygens’ principle, every point on wavefront PQ is a source of secondary 
wavelets. Let secondary wavelets originating from point Q strike the surface M1M2 at P/ in t 
seconds. Therefore,   
QP/ = c × t          (1)  c being the velocity of light. 
Also, secondary wavelets from P will travel the same distance c t in the same time. So with P 
as centre and (c × t) as radius, an arc Q’ is drawn such that,   PQ/ = c × t          (2) 
A tangent plane P’Q’ is drawn touching the spherical arc tangentially at Q’. Thus P’Q’ is the 
secondary wavefront after t seconds, moving in the direction of 1’, 2’ and 3’, which are the 
corresponding reflected rays perpendicular to P’Q’. 



 
It can be proved that the secondary wavelets originating from point D on the incident 
wavefront PQ will reach D’ in the same time as the secondary wavelets take to go from Q to P’. 
 Q/P/P = angle of reflection 
Now,  From  PP/Q and  PP/Q/  

(i) PP’ is common, (ii) QP/ = PQ’ = c t & (iii)  

Hence, the two triangles are congruent.  
Since corresponding parts of congruent triangles are equal so we can write    (3) 
Equation (iii) represents, the first law of reflection. 

Second law: - The incident wavefront PQ, the reflecting surface M1M2 and the reflected 

wavefront P/Q/ are perpendicular to the plane of the paper. In other words, the incident ray, 
the normal and the reflecting ray, all lie in the same plane, which is the statement of the second 
law of reflection. 
Thus, the laws of reflection have been proved on the basis of the wave theory. 

Refraction of Light By Wavefront Theory:- 
Consider a denser medium (refractive index µ) be separated by a rarer medium by a plane XY. 
Let  c1 & c2 be the velocities of light in the rarer and the denser medium, respectively. Then µ =  
c1 / c2     …….....(i) 
Let PQ, a plane wave front be incident on the interface XY at QPP/ = i.  
Also 1, 2 & 3 are corresponding incident rays normal to wave front PQ.  
From Huygens’ principle, every point on the wavefront PQ acts as a source of secondary 
wavelets.  
Let secondary wavelets from point Q strike interface XY at P/ in t seconds. So, QP/ = c1  t    
……....(ii) 
Secondary wavelets originating from P propagate in the denser medium with the velocity c2 

covering a distance c2  t , in t seconds. Thus, with P as centre and (c2  t) as radius, an arc at Q/ is 
drawn, so that P/Q/ = c2  t  
A tangent plane touching the spherical arc tangentially at Q/ is drawn from point P/. So P/Q/ 
represents the secondary wavefront after t seconds. This advances towards the corresponding 
refracted rays 1/, 2/ and 3/, are the corresponding refracted rays, perpendicular to P/Q/. 



 
It can be shown that the secondary wavelets originating from any point D on PQ, after 
refraction at P, must reach D/ on P/Q/ in same time in which secondary wavelets from Q reach 
P/. 

& .  

In , ...(iii) &  

In , ...(iv) 
 Dividing equation (iii) by (iv)     

     or  ...(v) 
Equation (v) is the Snell’s’ law of refraction. 
From the figure, it is evident that the incident ray, the normal and the refracted ray lie in the 
same plane. This proves the second law of refraction. 
Thus, the laws of refraction have been proved on the basis of wave theory. 

 Refractive Index is defined as the ratio of the speed of light in a vacuum to the speed of 

light in the material.  
The higher the refractive index of a material, the more slowly light travels through it. Glass, for 
example, has a refractive index of about 1.5, and water has a refractive index of about 1.3. This 
indicates that light travels more slowly through glass than it does through water. 

Second law: -Incident ray, refracted rays and normal all lies in same plane. 

Interference Of Light: - The phenomenon of non-uniform redistribution of energy in a 

medium & formation of bright & dark band due to superposition of two light waves from 
coherent sources is called interference of light. Interference   is of two types –  

a) Constructive Interference: - A point where two crests or two through of different waves 

falls on each other then amplitude or intensity of the resultant wave become maximum and the 
point appear bright. This is called constructive interference. 

b) Destructive Interference: - A Point where the through of one wave falls on the crest of 

other then amplitude or intensity of resultant wave becomes minimum and the point appear 
dark. This called Destructive Interference. 

Conditions For Interference: - 
(1) The two sources should emit monochromatic wave of same wave length and frequency 
continuously. 



(2) To obtain completely dark fringes amplitude of the waves should be same.  
(3) The two sources must lie very close to each other.   
(4) The waves emitted by the two sources should either be in same phase or should have a 
constant phase difference i.e. the sources must coherent source. 

Coherent Source: - The source of light which emit continuous light wave of same wave 

length, same frequency same amplitude (nearly same) and in same phase or having constant 
phase difference are called coherent source.  
Two independent sources of light cannot be coherent. So interference cannot obtain by two 
individual sources because: - (1) When an excited atom returns to ground state light is emitted. 
A smallest source contained billions of such atoms, which cannot emit light in the same phase. 
Then two independent source of light do not posses a constant phase difference. (2) Two 
independent sources cannot emit waves continuously: - 
(a) Two coherent sources can be obtained form a single sources in this case phase difference 
will be constant.(b) In Fresnel’s biprism two virtual images of sources acts as coherent sources. 
(c) In Lloyd’s mirror a source and its image acts as coherent sources.  

Young’s Double Slit Experiment(YDSE): - The phenomenon of interference of light was 

first observed by Thomas Young in 1802 by a simple experiment. This experiment led 
conclusion that light ha wave nature. 
Young allowed sunlight to pass through a whole and then at some distance through two-pin 
hole S1and S2 which are 
 very close to each other. A screen placed in front of the sources then alternate bright and dark 
band (spots) was observed called interference band. 

Explanation: -The source S emits monochromatic light, which send out spherical wave fronts. 
When disturbance reaches to S1and S2 secondary wavelets are emitted and they behaves as 
coherent source solid line semicircle represent crest, dotted line semicircle trough circle ‘O’ 
represent maxima (constructive interference) and ‘*’ star represent minima (destructive 
interference). When crest or through of two waves falls on each other, according to principle of 
superposition the amplitude or intensity of the resultant wave becomes maximum and bright 
band is observed. When crest of one wave fall on trough of another, according to principle of 
superposition the amplitude or intensity of the resultant wave become minimum (zero) and 
dark band is observed.     

Interference Of Wave (Conditions for constructive and destructive interference): 
-Consider tow light wave of same amplitude ‘a’, same frequency and same velocity  traveling 
with same velocity ‘c’ in same direction with phase difference .         
 The electric field vector of the waves can be represent as 
y1 = a sin t     --  --    --   (1) &   y2 = a sin (t    ) -- --   --   --   (2)   
According to principle of superposition of waves-“When two wave superimpose at a point then 
the resultant displacement (  y  ) of the new wave is equal to vector sum of the displacements 
of the individual waves “.So magnitude of the electric field of the resultant wave at any instant   
y = y1 + y2                     from (1) and (2) 
y = a sin t + a (sin t cos     cos t sin) 



y = a sin t (1 + cos  ) – a cos t sin                             
 [sin (A B) = sinA cosB – cosA sinB] 
y = [a (1 + cos    )] sin wt   [a sin] cos wt  
Let       a (1+ cos   ) = A cos       --    --    -- (3)       &    a Sin    =    A Sin   --    --    -- (4) 
Then    y = A cos   sin t - A sin   cos t 
y = A [sin t cos    cos t sin ]                         Hence      A = a sin (t    )   -------- (5) 
This eq. represents electric field vector of new at any instant, where A is amplitude of the wave. 
Squaring and adding eq. (3) and (4)    a2(1+ cos   )2 + a2 sin2    = A2 cos2   + A2 sin2   
a2[(12 + 2 cos   + cos2 ) + sin2  ] = A2 [cos2   + sin2 ]  
a2[ 1 + 2 cos   +1 ] = A2 [1 ]                        Hence A2  =  2 a2[ 1 +  cos  ]     -      -     -  (6) 
Intensity of light I = k  (amplitude) 2       where K is constant 
 I = 2 k a2 (1+ cos   ) - --   --   - -- (7) 

(1) Resultant amplitude : Resultant amplitude A  

(2) Resultant intensity : Resultant intensity   
 
For constructive interference: - The resultant intensity is maximum i.e.  
I = 2Ka2 (1+ cos   ) = maximum  
It the possible only when cos     = maximum                                  i.e. cos   = +1 
It the possible only when phase difference    = 0, 2, 4, 6 -    -     -     2n                    

 OR   path difference x = 0, , 2, 3, -   -    -   n.     Since path difference             
For constructive interference the phase difference between the waves should be even integral 
multiple of  
π  or path difference between the waves should be equal to integral multiple of wavelength. 
 Imax = 2 k a2 ( 1+ 1)             Hence   Imax =  4 k a2  

   So      Imax = K (a1 + a2)2 

For Destructive Interference: - Interference fringes are dark so intensity 
I = 2 K a2 (1+ cos   ) = minimum  
It is possible only when cos   = minimum = - 1             So   Imin = 0. 
It is possible only when   =   =, 3, 5 -    -     -     (2n – 1)                    
 OR path difference x = /2, 3/2, 5/2, -   -    -   (2n – 1)/2               Here n = 1, 2, 3, 4 -   -    -.   
Hence interference will be destructive when the phase difference between the waves should be 
equal odd integral multiple of      or path difference between them should be equal to odd 
integral multiple of half the wavelength. 
Imin = K (a1  a2)2 

Constructive interference Destructive interference  

(i) When the waves meets a point with same 
phase, constructive interference is obtained at 
that point (i.e. maximum light) 

(i) When the wave meets a point with 
opposite phase, destructive interference 
is obtained at that point (i.e. minimum 
light) 



(ii) Phase difference between the waves at the 

point of observation .  

(ii)  n = 1, 2, ...  

or  

(iii) Path difference between the waves at the 

point of observation (i.e. even multiple of 
/2). 

(iii)  (i.e. odd multiple of /2) 

(iv) Resultant amplitude at the point of 
observation will be maximum.  

        If 

 

(iv) Resultant amplitude at the point of 
observation will be minimum  

            If 

 

(v) Resultant intensity at the point of 
observation will be maximum. 

,     

If  

(v) Resultant intensity at the point of 
observation will be minimum 

,  

 If 

 

 
 

Positions of bright and  
dark fringes & the fringe width (Theory Of Interference Of Light): - Diagram 

 
 

 
 
Let S1and S2 are two coherent sources and ‘d’ is distance between them. D is distance between 
source and screen. Two waves starting from S1and S2 superimpose on each other, resulting in 
interference fringes. Let P is any point on screen at distance Y from O, then path difference 
between the waves reaching point P is                  x = S2P – S1P              -   -   -   -(1) 
In ΔPS2B     S2P2 = S2B2 + PB2                                    S2P2   = D2 + (y + d/2)2        - -    -    -   (2) 
In ΔPS2B     S1P2 = S1A2 + PA2                                    S1P2   = D2 + (y  d/2)2        - -    -    -   (2) 



Subtracting eq3 from eq2                 S2P2   S1P2 = [D2 + (y2 + d2/4 + 2 y d/2)] –   [D2 + (y2 + d2/4 2 y 
d/2)] 
(S2P + S1P) (S2P  S1P)    = D2 + y2 + d2/4 + 2 y d/2   D2  y2  d2/4 + 2 y d/2  
 (from eq1) 
(S2P +  S1P) x = y d + yd     But S2P     S1P    D 
(D + D) x = 2 y d                                 2 D x   = 2 y d  

Hence path difference            -    -     -     - (4) 
a. For Bright Fringes (Maximum): - For constructive interference the path difference must be 
integral multiple of 

 wavelength i.e. Path difference      

Distance of nth bright band from central band      -     -     -      - (5) 
n = 0 then Y = 0 i.e. central bright fringe is obtained at central point ‘O’. At this point there is no 
path difference between the waves. 

n = 1, then, distance of first bright fringe from O is      In this case 
path difference is. 

n = 2, then, distance of second bright fringe from O is     In this case 
path difference is 2. 
b. For Dark Fringes (Maximum): - For destructive interference the path difference must be odd 

number multiple of ½ wavelength i.e.            Path difference          

Distance of nth dark band from central band         -     -     -      - (5) 

n = 1, then, distance of first dark fringe from O is      In this case 
path difference is /2. 

n = 2, then, distance of second dark fringe from O is              In this case path 
difference is 3/2. 
Fringe Width: -The separation between two consecutive bright or dark fringes is defined as 
fringe width. 

For two consecutive bright fringes   =                         Hence 

 



For two consecutive dark fringes   =                         Hence  
Conclusion: - 1) fringe width of bright and dark band is same. 2) Fringes are equally spaced and 
independent of order (n). 3)          For broad band, wave length of light must be large. 4).        D    
For broad, band distance between source & screen must be large. 5).        1/d For broad 
band, distance between sources must be small.         

.  
Intensity Distribution: - If we plot a graph between intensity of the fringes I and the distance 
central fringe then the curve is called energy distribution curve. 
If there is no interference then according to superposition principle average intensity Iav = k A2 + 
k A2             Iav =   2 k A2      -- - - (1) 
But in case of interference intensity, I = 2 k A2 (1+ cos   ) 
For Bright Band: - I = 2 K A2 (1+ cos   ) = maximum  
It is possible only when Cos   = maximum = 1             
 It is possible only when   =   =, 3, 5 -    -     -     2n.                    
IMAX = 2 k A2 (1+ 1)      Hence   Imax = 4 k A2 -     -    -   - (2) 
For Dark Band: - I = 2 K A2 (1+ Cos   ) = minimum  
It is possible only when Cos   = minimum =  1              
So   Imin = 0 -    -    -   (3) 
It is possible only when   =   =, 3, 5 -    -     -     (2n – 1). 
Iav = (Imax + Imin)/2 = (4 k A2 + 0)/2 = 2 k A2. This proves that there is only a redistribution of light 
intensity in the interference pattern. In other words, there is an energy transfer from regions of 
destructive interference to the regions of constructive interference. Since no energy is created 
or annihilated, the law of conservation of energy is followed.                    

 Illustrations of Interference:-Interference effects are commonly observed in thin films when 

their thickness is comparable to 

.

 



from the wavelength of incident light (If it is too thin as compared to wavelength of light it 
appears dark and if it is too thick, this will result in uniform illumination of film). Thin layer of oil 
on water surface and soap bubbles shows various colours in white light due to interference of 
waves reflected from the two surfaces of the film.  
Thin films: In thin films interference takes place between the waves reflected from it’s two 
surfaces & waves refracted through it. 
The conditions for sustained interference are: (a) The two sources of light must be coherent. 
(b) The two coherent sources must lie very close to each other. (c) The two sources of light 
should be very narrow. (d)The amplitudes of the two waves originating from the two sources 
must be equal. (e) The two sources should be monochromatic. 

Ratio of intensity of light at maximum and minimum   

Diffraction: The phenomenon of bending of light around an obstacle or round corner of 

aperture and spreading into the  geometrical shadow is called diffraction. 
A pattern of alternate bright and dark fringes (bonds) are obtained on the screen called 
diffraction pattern. 

  
Central band is bright and other bright bands on either side with decreasing intensity.    
Condition for diffraction: - Size of slit or obstacle must be nearly equal to wavelength of the 
wave (light) 
Example of diffraction: - Diffraction of sound is prominently observed because sound wave has 
large wavelength so it can diffract from buildings, walls stones etc. Similarly radio wave and 
microwave diffract due to their large wavelength so and are capable to receive signals of radio 
and TV etc. Hence diffraction of light can be observed only by allowing light to fall on extremely 
small tiny objects because wavelength = 3700 A to 7800 A 

• If  two razor blades are placed together to each other so that their sharp edges 
form a very narrow slit in between. Keeping this slit close and right in front of the eye, we 
look through the slit on bulb. A diffraction pattern with its bright and dark bands is seen by 
slight adjustment of the slit width. 

• If we look at distant street lamp through a handkerchief we obtain a row of 
points  of light arranged symmetrically around the bright central point. Light is diffracted  
through the various tiny spaces between the thread.  

•  
 
 



Fresnel diffraction Fraunhofer diffraction 

(i) If either source or screen or both are at 

finite distance from the diffracting device 

(obstacle or aperture), the diffraction is 

called Fresnel type. 

(i) In this case both source and screen are 

effectively at infinite distance from the 

diffracting device. 

(ii) Common examples : Diffraction at a 

straight edge, narrow wire or small opaque 

disc etc. 

(ii) Common examples : Diffraction at 

single slit, double slit and diffraction 

grating. 

Diffraction at a single slit:- Diffraction is explained by Fresnel in 1818 by Huygen’s principle 

of the secondary wavelets in conjunction with the principle of inference. Source “S” of 
monochromatic light is placed at a distance equal to focal length of convex lens L” so that a 
parallel beam of light is obtained. The plane wave fronts are allowed to fall on a very narrow slit 
AB = d such that d   . Diffraction pattern are obtained on the screen by focusing with the help of 
lens L .The diffraction pattern on the screen consists of a central bright band with alternate 
dark and weak light (nearly dark) bands of decreasing intensity on both sides called secondary 
maxima and secondary minima.  

 
Theory: - According to Huygens principle each point of the slit behaves as source of secondary 
wavelets. The slit is imagined to consist of strips of equal width parallel to the length of the slit. 
The total effect in particular direction is 
 found by adding the wavelets emitted in that particular direction by all the strips, using  the 
superposition principle.  
Formation of central maxima: - when light is incident on slit then according to Huygens 
Construction each point emits secondary wavelets in all directions in same phase. Therefore 
distance traveled by all wavelets to reach at a point O is same i.e. path difference between 
wavelets is zero. The secondary wave-lets reinforce each other and give rise to central maxima 
at O.              
Formation of secondary minima: - Consider secondary wavelets are diffracted by an angle  and 
reach at point P. The wavelets start from different part of the slit in same phase but they will 
not arrive at P in the same phase because they have to cover unequal distances in reaching P. 
Thus the intensity at point P will depend on the path difference BN.  
In ANB sin n =BNd      For small angle sin n =  n                    
Hence angular separation of of nth band from central band  n = xnd   ______________   (1) 
In ANB tan n =BNd      For small angle tan n =  n                    n = y n D   ______________   (2) 



Comparing eq1 & 2. 
y n D   = x n d      Hence distance of nth band from central band  y n= yn = xnDd   
 
Formation of secondary minima: - (a) First secondary minima If path difference BN =  then P 
will have minimum intensity and called first secondary maxima. In this case the whole 
wavefront (slit) can be considered to be divided into two equal strips AC and CB. If path 
difference between the wavelets emitted from A and B is  then the path difference between 
the secondary wavelets from A and C or from C and B will be 2. Therefore path difference 
between the wavelets emitted by the two strips is 2 .i.e phase difference 2. Thus destructive 
interference takes place at point P because crest from one strip reaches at P with a trough from 
the other, and first minima is observed. 
(b) Second  secondary  minima : If path difference BN = 2 then P will have minimum intensity . 
The  path  difference between the  extreme wavelets from  A & B is 2  so  the  slit  may  be  
divided  into  four  equal  strips  AC1, C1C, CC2  and  C2B . The  wavelets  from  the  correspond  
points  in  the  two  parts AC1 & C1C  or CC2  and  C2B  etc. will  have  path  difference  /2   i.e. 
phase  difference  T1  and  cancel  each  other  in  effect  due  to  destructive  interference. So  
the  point  have  minimum  intensity  called  second  secondary  minima. 
Similarly formation  nth  secondary  minima.  can  be  dividing  slit  into  2n  equal  strips. From  
equation  (1)   
Angular separation of first secondary minima.  1= /d 
Angular separation of second secondary minima.  2 = 2/d   
 For nth  secondary minima, the Angular  separation  n = n/d ______________  (2) 
     n = 1,2,3------- x = , 2, 3 , 4-------- 
 
Formation of secondary maxima: First secondary maxima: If path difference BN = 3/2 then P 
will be bright . In  this  case    the  slit  may  be  divided  into  three  equal  strips  path  difference  
between  the  secondary  wavelets from  corresponding  points of  strips  AC1 and C1C2  will  be 
/2  They will  give  rise   to  destructive  interference. However  the  secondary  waves  from  the  
third  part  remain  unused, since  they  are  in  same phase  So  they  reinforce  each  other  and  
produce First secondary maxima. 
When  a  parallel  beam  of  monochromatic  light  incident  the  grating  diffraction  pattern  of  
alternate  bright  and  dark  fringes  of  varying  intensities  are  obtain. With central maxima  of  
max. intensity . If  waves  are  diffracted  by  n  then  path  difference  x = d sin n . For 
conservation interference  x = n    Where  n = 1,2,3-----------.   
So n= d sin n -------- (1)  
For  Ist  order  maxima  angle  of  diffraction  1 ,  = d sin1    1= /d 
For  IInd  order  maxima  angle  of  diffraction  1 , 2 = d sin2    2 = 2/d  etc. 
For  nth  order  maxima   from  equation (1)      n = n/d 
If  we  use  white  light  then  due  to different  value  of    for  different  colored  light. The  
gravity  will  send  different  colours   in  different  direction  and  we  obtain  a  coloured  
diffraction  pattern. 



 
 
Second secondary maxima: If path difference BN = 5/2 then P will be bright . In  this  case    the  
slit can  be  considered to  be  divided  into  five  equal  strips  path  difference  between  two  
consecutive  strip    so  the  first  four  strips cancel  each  other  effect  due  to  destructive  
interference. The   wavelets  from  the  fifth  part  remain  unused, since  they  are  in  same 
phase  So  they  reinforce  each  other  and  produce  second secondary maxima. 
To  explain  nth maxima  we  can  divide  the  slit  into  (2n + 1 ) equal  parts  (strips). From  
equation  (1)  
 Angular  separation  of  first  secondary  maxima.  /

1= 3/2d  
      Angular  separation  of  second  secondary  maxima.  /

2= 5/2d         
 For  nth    secondary  maxima. the Angular  separation  /

n= (2n+1)/2d   ______________  (3) 
    n = 1,2,3,------,  x = 3/2, 5/2, 7/2 , -------- 
 
Intensity  Distribution  Curve: We  plot  a graph  between  intensity  and  angle  . We   find  that  
the  central maxima  is  the  most  intensive . The  intensity  falls  to  zero  on  either   side  of  
the  central  maxima. 



 

Width  of  the  central  maxima:  
 

 
 

Width of the secondary maxima   = y/
n – y/

n-1 =   Hence    

Width of the central maxima  0= y1 + y1      Hence    
Where  y1 is  distance  of  first  minima . So Width of the central maxima is equal to the distance 
between the first secondary maxima of either side of hence central maxima is twice as wide as 

any other secondary maxima  0    ,    So  narrow slit is required.  Also   D. 

 
Difference between interference and diffraction  : 

                Interference                          Diffraction 

(1)Interference  is  result  of  interference  
of  light  coming  from  two  different  
wave front  originating  from  two  
different  coherent  source.   

(1)Diffraction  is  result  of  the  superposition  
of  the  secondary  wavelets  from  different  
part of  the  same  wavefront. 

(2)In  interference  the  fringe  width  is  
generally  constant. 

(2)In  diffraction  fringes  are  not  of  the same  
width.  

(3) Point  of  minimum  intensity  are  
perfectly  dark  that  is  Intensity = 0. 

(3)In  diffraction  the  minima’s  are  never  
perfectly  dark.   

(4) All  the  maxima  have  same  intensity.  (4) The  central  maxima  is  most  intense  
secondary  maxima  have  varying  intensity  
and  rapidly  fall  is  zero. 
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CASE STUDY QUESTIONS: 

1. Single Slit Diffraction Formula: 

We shall assume the slit width a << D. x`D is the separation between slit and source.We shall identify the 

angular position of any point on the screen by ϑ measured from the slit centre which divides the slit 

by a lengths. To describe the pattern, we shall first see the condition for dark fringes. Also, let us divide 

the slit into zones of equal widths.  

 

(1) If the width of the slit in single slit diffraction experiment is doubled, then the central 

maximum of diffraction pattern becomes 

(a) broader and brighter 

(b) sharper and brighter 

(c) sharper and fainter 

(d) broader and fainter 

(2) A diffraction pattern is obtained by using beam of red. light what will happen, if red light is 

replaced by the blue light? 

(a) Bands disappear. 

(b) Bands become broader and farther apart. 

(c) No change will take place. 

(d) Diffraction bands become narrow and crowded together. 

(3) When monochromatic light is replaced by white light in Fresnel’s biprism arrangement, the 

central fringe is 

(a) coloured 

(b) white 

(c) dark 

(d) None of these 

(4) The phenomenon of diffraction can be treated as interference phenomenon if the number 

of coherent sources is 

(a) one 

(b) two 

(c) zero 

(d) infinity 



(5) The diffraction effects in a microscopic specimen become important when the separation 

between two points is 

(a) much greater than the wavelength of light used. 

(b) much less than the wavelength of light used. 

(c) comparable to the wavelength of light used. 

(d) independent of the wavelength of light used. 

2.  Young’s double slit experiment: 

This is consistent with our contention that wave effects are most noticeable when the object the wave 

encounters (here, slits a distance d apart) is small. Small d gives large θ, hence a large effect. 

 

(1) What happens if one of the slits, say S1 in Young’s double , slit experiment-is covered 

with a glass plate which absorbs half the intensity of light from it? 

(a) The bright fringes become less-bright and the dark fringes have a finite light intensity 

(b) The bright fringes become brighter and the dark fringes become darker 

(c) The fringe width decreases 

(d) No fringes will be observed 



(2) What happens to the interference pattern the two slits S1 and S2 in Young’s double 

experiment are illuminated by two independent but identical sources? 

(a) The intensity of the bright fringes doubled 

(b) The intensity of the bright fringes becomes four times 

(c) Two sets of interference fringes overlap 

(d) No interference pattern is observed 

(3) What is the reason for your answer to the above question? 

(a) The two sources do not emit light of the same wavelength 

(b) The two sources emit waves which travel with different speeds 

(c) The two sources emit light waves of different amplitudes 

(d) There is not constant phase difference between the waves emitted by the two sources 

(4) In Young’s double slit experiment, a maximum is obtained when the path difference 

between the interfering waves is (n ∈ l): 

(a) nλ 

(b) n λ2 

(c) (2n + 1) λ2 

(d) (2n – 1) λ4 

(5) Two sources of light are said to be coherent when both give out light waves of the same: 

(a) amplitude and phase 

(b) intensity and wavelength 

(c) speed 

(d) wavelength and a constant phase difference 

 

3. Huygens’ principle: In optics, a statement that all points of a wave front of light in a vacuum or 
transparent medium may be regarded as new sources of wavelets that expand in every direction at a 
rate depending on their velocities. Proposed by the Dutch mathematician, physicist, and 
astronomer, Christiaan Huygens, in 1690. 
 

 
             1. The idea of secondary wavelets for the. propagation of a wave was first given by 
                    (a) Newton 
                    (b) Huygens 
                    (c) Maxwell 
                    (d) Fresnel 

 

https://www.britannica.com/science/wave-front
https://www.britannica.com/biography/Christiaan-Huygens


2. Light propagates rectilinearly, due to 

(a) wave nature 

(b) wavelengths 

(c) velocity 

(d) frequency 

 

3. Which of the following is correct for light diverging from a point source? 

(a) The intensity decreases in proportion with the distance squared. 

(b) The wavefront is parabolic. 

(c) The intensity at the wavelength does not depend on the distance. 

(d) None of these. 

 

4.The phenomena which is not explained by Huygen’s construction of wavefront 

(a) reflection 

(b) diffraction 

(c) refraction 

(d) origin of spectra 

 

5. A laser beam is used for locating distant objects because 

(a) it is monochromatic 

(b) it is not chromatic 

(c) it is not observed 

(d) it has small angular spread. 

 

            4. Proof of Reflection By Huygens Principle: 
 

The angle of incidence equals the reflecting angle. This is also stated in the first law of 

reflection. Also, as the incident wavefront AB, the normal and reflected wavefront is on the 

same plane, we can also verify the second law of reflection. 

(1) In Huygens’ theory, light waves are longitudinal and do not require a material medium 

for their propagation. 

a) True 

b) False 

 



(2) Which of following remain constant in reflection of light 

(a) Frequency 

(b) Wavelength 

(c) Speed 

(d) All 

 

(3) Huygen’s concept of secondary wave 

(a) allows us to find the focal length of a thick lens 

(b) is a geometrical method to find a wavefront 

(c) is used to determine the velocity of light 

(d) is used to explain polarization 

 

(4) Spherical wavefronts, emanating from a point source, strike a plane reflecting surface. 

What will happen to these wave fronts, immediately after reflection? 

(a) They will remain spherical with the same curvature, both in magnitude and sign. 

(b) They will become plane wave fronts. 

(c) They will remain spherical, with the same curvature, but sign of curvature reversed. 

(d) They will remain spherical, but with different curvature, both in magnitude and sign. 

 

(5) Which of the following describes Huygen's Principle 

 

(a) Every point on a wavefront acts as a source of lots of secondary spherical 

wavelets, which can therefore interfere with each other. 

(b) A wave can produce an interference pattern. 

(c) The angle of incidence is equal to the angle of reflection. 

(d) All 

 

                      5. Proof of Refraction By Huygens Principle :According to Snell's law the ratio of sine of 
angle of incidence to the sine of angle of.     refraction is equal to the ratio of refractive 
index of second medium to the first medium. Huygen's principle tells us that each point 
on a wavefront is a source of secondary waves, which add up to later wavefronts. 



 
(1) When light suffers reflection at the interface between water and glass, the change of 

phase in the reflected wave is 

(a) zero 

(b) π 

(c) π/2 

(d) 2π 

 

(2) When light moves from rare medium to dense medium ,which of the following will 

remain same 

(a) Wavelength   (b) Speed of light  (c) frequency     (d) All  

 

(3) The locus of all particles in a medium, vibrating in the same phase is called 

(a) wavelet 

(b) fringe 

(c) wave front 

(d) None of these 

 

(4) Transverse nature of light was confirmed by the phenomenon of 

(a) refraction of light 

(b) diffraction of light 

(c) dispersion of light 

(d) polarization of light 

 

(5)Two sources of light are said to be coherent, when they give light waves of same 

(a) amplitude and phase 

(b) wavelength and constant phase difference 

(c) intensity and wavelength 

(d) phase and spee.   

 

 

ANSWERS(Case Study Questions): 

 

 ANS (1) ANS (2) ANS (3) ANS (4) ANS (5) 

Q.No.1 b d b d c 

Q.No.2 a d d a d 

Q.No.3 b a a d a 

Q.No.4 b d b c d 

Q.No.5 b c c d b 

 
 



3 MARKS QUESTIONS: 

1 (a) When monochromatic light is incident on a surface separating two media, the 

reflected and refracted light both have the same frequency as the incident frequency. 

Explain why? 

(b) When light travels from a rarer to a denser medium, the speed decreases. Does 

the reduction in speed imply a reduction in the energy carried by the light wave? 

ANS (a) Frequency is the characteristic of the source while wavelength is the characteristic of the 

medium. when monochromatic light travels from one medium to another its speed changes 

so its wavelength (λ=c/v) changes but frequency v remains unchanged. 

 (b) No. Energy carried by a wave depends on the amplitude of the wave, not on the 

speed of wave propagation. 

2 Interference can be observed with two independent tuning forks but it cannot be 

observed with two independent bulbs. Why ? 

ANS  When two tuning forks are struck simultaneously they produce sound waves 

almost in the same phase. Their phase difference, if any, varies slowly with time. 

Interference pattern also varies slowly with time. Such variations can be detected 

easily by the human ear. So interference pattern is easily observable.  

The phase difference between two independent light bulbs changes 108  times 

per second. The interference pattern also changes 108  times pen second. Such 

rapid variations cannot be detected by our eyes. So interference pattern is not 

observable. 

3 a) (i) Two independent monochromatic sources of light cannot produce a sustained 

interference pattern. 

 ii) Two monochromatic waves emanating from two coherent sources have the 

displacements represented by y1 = a cos ωt and y2 = a cos (ωt + ϕ ), where ϕ is the 

phase difference between the two displacements.  

Show that the resultant intensity at a point due to their superposition is given by I = 

4I0 cos2 ϕ/2, where I0 = a2. 

(b) Hence obtain the conditions for constructive and destructive interference. 



ANS (a) (i) Two independent monochromatic sources of light cannot produce a sustained 

interference pattern. The phase difference between these two sources will continuously 

vary; and the positions of maxima and minima will change with time. 

 

(b) (i) For constructive interference : 

 

(ii) For destructive interference: 

 

4 In a modified set-up of Young’s double slit experiment, it is given that SS2 – SS1 = λ/4, 

i.e. the source ‘S’ is not equidistant from the slits S1 and S2. 

(a) Obtain the conditions for constructive and destructive interference at any point P 

on the screen in terms of the path difference δ = S2P-S1P. 

 

(b) Does the observed central bright fringe lie above or below ‘O’? Give reason to 

support your answer ? 



ANS (a) Conditions for interferance 

 

5 What is the effect on the interference fringes to a Young’s double slit experiment 

when 

(a) the separation between the two slits is decreased? 

(b) the width of the source-slit is increased? 

(c) the monochromatic source is replaced by a source of white light? Justify your 

answer in each case 

ANS 

 

 

 



 

 

6 The intensity at the central maxima (O) in a Young's double slit experiment is I0. If the 

distance OP equals one-third of the fringe width of the pattern, show that the 

intensity at point P would be I0/4.  

ANS 

 

 Fringe width β = λD/d y = β/3 = λD/3d  

 



7 A parallel beam of monochromatic light falls normally on a narrow slit of width ‘a’ to 

produce a diffraction pattern on the screen placed parallel to the plane of the slit. Use 

Huygens’ principle to explain that 

(i) the central bright maxima is twice as wide as the other maxima. 

(ii) the intensity falls as we move to successive maxima away from the centre on 

either side. 

ANS (i) In diffraction pattern, intensity will be minimum at an angle θ = n λ/a 

∴ There will be a first minimum at an angle 

θ = λ / a, on either side of central maximum 

∴ Width of central maxima = λ / a + λ / a  = 2λ/a 

∴ The central bright maxima is twice as wide as the other maxima.  

(ii) The intensity of maxima decreases as the order (n) or diffraction maxima increases. 

This is because, on dividing the slit into odd number of parts, the contributions of the 

corresponding (outermost) pairs cancel each other, leaving behind the contribution of 

only the innermost segment. 

For example, for first maximum, dividing slit into three parts out of these three parts of 

the slit, the contributions from first two parts cancel each other; only 1/3rd portion of 

the slit contributes to the maxima of intensity. Similarly for second maxima, dividing slit 

into five parts, contribution of first four parts will be zero (as they cancel each other). 

The remaining 1/5th portion only will contribute for maxima and so on. 

8 The figure, drawn here, shows the geometry of path differences for diffraction by a 

single slit of width a. 

Give appropriate ‘reasoning’ to explain why the intensity of light is 



 

(i) maximum of the central point C on the screen. 

(ii) (nearly) zero for point P on the screen when   

 

Hence write an expression for the total linear width of the central maxima on a screen 

kept at a distance D from the plane of the slit.  

ANS (i) At central point C, angle θ is zero, all path differences are zero. Hence, all the parts of 

the slit contribute in same phase. This gives maximum intensity at point C. 

(ii) From the diagram : 

 



It implies that the contribution from corresponding points in two halves of the slit have 

a phase difference of π. Therefore, contributions from two halves cancel each other in 

pairs, resulting in a zero net intensity at point P on the screen. 

 

9 The following table gives data about the single slit diffraction experiment:  

 Wavelength of light Half angular width of the 

principal maxima 

λ θ 

P λ q θ 
 

ANS Find the ratio of the widths of the slits used in the two cases. Would the ratio of the 

half angular widths of the first secondary maxima, in the two cases, be also equal to q 

? 

 Let d and d' be the width of the slits in the two cases.  

  

Now the Required Ratio = 
3

2

𝑝𝜆 

𝑑′
  /  

3

2

𝜆 

𝑑
   = p x 

𝑑

𝑑′
   = p x 

𝑞

𝑝
  = q  

Yes, this ratio would also be equal to q. 

10 State the condition for diffraction of light to occur. In the diffraction at a single slit 

experiment, how would the width and the intensity of central maximum change, if (i) 

slit width is halved and (ii) visible light of longer wavelength is used?  

ANS Diffraction of light is highly pronounced if the size of the obstacle or aperture is 

comparable to the wavelength of the light used.  



Width of central maximum  = 2Dλ / a 

(i) If slit width a is halved, width of central maximum is doubled. Its area becomes 4 

times and hence intensity becomes one-fourth of the initial intensity. 

(it) If visible light of longer wavelength is used, width of central maximum increases and 

hence intensity decreases. 

2 MARKS QUESTIONS 

1 Explain how Corpuscular theory predicts the speed of light in a medium, say, water, to 

be greater than the speed of light in vacuum. Is the prediction confirmed by 

experimental determination of the speed of light in water? If not, which alternative 

picture of light is consistent with experiment? 

ANS No;  Wave theory 

Newton’s corpuscular theory of light states that when light corpuscles strike the 

interface of two media from a rarer (air) to a denser (water) medium, the particles 

experience forces of attraction normal to the surface. Hence, the normal component of 

velocity increases while the component along the surface remains unchanged. 

Hence, we can write the expression: c sin I = v sin r … (i) 

We  also have  μ=v/c 

Hence, equation (i) reduces to 

v/c = sin i/sinr =μ … (2) 

But, μ>1 

Hence, it can be inferred from equation (ii) that v > c. This is not possible since this 

prediction is opposite to the experimental results of c > v. The wave picture of light is 

consistent with the experimental results. 

2 Find the ratio of the intensity at the centre of a bright fringe to the intensity at a point 

one-quarter of the distance between two fringes from the centre. 

ANS We have, 

I = 4I0cos2(ϕ/2) … … … … (1) 

At the centre ,  ϕ=0, so  I1=4I0 



Since the phase difference between the successive fringes is 2π hence the phase difference 

between the centre of a bright fringe and at a point one quarter of the distance between the 

two fringes away is 2π/4 =π/2.  

 So, I2 = 4I0 cos2(π/4) = 2I0 

Hence , I1/I2=2. 

3 What changes in the interference fringes in Young's double slit experiment will be 

observed when i) light of smaller frequency is used ?  

ii)  the apparatus is immersed in water? 

ANS In Young's double slit experiment, the fringe width is given by β=Dλ/d=Dc/dv  

Clearly, (i) When light of smaller frequency (v) is used, fringe width increases.  

(ii) Wavelength of light in water decreases, so fringe width (β∝λ) also decreases. 

4 In Young’s double slit experiment using mono-chromatic light of wavelength X, the 

intensity of light at a point on the screen where path difference is X, is K units. Find 

out the intensity of light at a point where path difference is 2λ / 3. 

ANS 

 

5 What is the effect on the interference fringes in a Young’s double-slit experiment due 

to each of the following operations  

(1)  the source slit is moved closer to the double-slit plane; 

 (2) the width of the source slit is increased; 



 For interference fringes to be seen, the condition s/S < λ/d should be satisfied;               

where s = size of the source slit and S =  distance of source slit  from the plane of the 

two slits. 

ANS (1)  as S decreases (i.e., the source slit is brought closer), the interference pattern 

gets less and less sharp, and when the source is brought too close for this 

condition to be valid, the fringes disappear. Till this happens, the fringe 

separation remains fixed. 

 (2) As the source slit width s increases, fringe pattern gets less and less sharp. When 

the source slit is so wide that the condition s/S ≤ λ/d is not satisfied, the 

interference pattern disappears. 

6 When a thin transparent film is placed just in front of one of the slits in the Young's 

double slit experiment using white light, what change results in the fringe system ? 

ANS If μ is-the refractive index and t the thickness of the thin film, then the 

entire interference pattern gets displaced by distance, Δx = D(μ−1)t /d 

 As μ depends on λ (increases with decreasing λ), the violet fringe is shifted farther 

than the red fringe. So there is a kind of dispersion in the central white fringe. 

7 In a single slit diffraction experiment, the width of the slit is reduced to half its 

original width. How would this affect the size and intensity of the central maximum? 

ANS 

 

8 (i) In what way is diffraction from each slit related to the interference pattern in a 

double slit experiment? 

(ii) When a tiny circular obstacle is placed in the path of light from a distance source, a 



bright spot is seen at the centre of the shadow of the obstacle. Explain, why.  

ANS  (i) The interference pattern in a double-slit experiment is modulated by diffraction from 

each slit. The pattern is the result of the interference of the diffracted wave from each slit. 

(ii) Waves from the distant source are diffracted by the edge of the circular obstacle and 

these diffracted waves interfere constructively at the centre of the obstacle’s shadow 

producing a bright spot. 

9 For a single slit of width “a”, the first minimum of the interference pattern of a 

monochromatic light of wavelength λ occurs at an angle of λ / a . 

At the same angle of λ / a, we get a maximum for a two narrow slits separated by a 

distance “a”. Explain 

ANS For a single slit of width ‘a’, 

the nth minimum, sin θn= n λ / a 

 

10 Explain how the intensity of diffraction pattern changes as the order (n) of the 

diffraction band varies. 

ANS Intensity of diffraction pattern drops rapidly with order n, because every higher order 

maxima gets intensity only from (1 / 2n+1) part of the slit. The central maxima gets 

intensity from the whole slit (n = 0). 

1st secondary maxima gets its intensity only from 1/3 of slit. 

2nd secondary maxima gets its intensity only from 1/5 of slit and so on. 



ADDITIONAL QUESTIONS: 1 MARK QUESTION 

1 State the reason, why two independent sources of light cannot be considered as 

coherent sources.  

ANS Two independent sources of light cannot be coherent. This is because light is emitted by 

individual atoms, when they return to ground state. Even the smallest source of light 

contains billions of atoms which obviously cannot emit light waves in the same phase. 

2 As you have learnt in the text, the principle of linear superposition of wave 

displacement is basic to understanding intensity distributions in diffraction and 

interference patterns. What is the justification of this principle?  

ANS The principle of linear superposition of wave displacement is essential to our 

understanding of intensity distributions and interference patterns. This is because 

superposition follows from the linear character of a differential equation that governs 

wave motion. If y1 and y2 are the solutions of the second order wave equation, then 

any linear combination of y1 and y2 will also be the solution of the wave equation. 

3 In the wave picture of light, intensity of light is determined by the square of the 

amplitude of the wave. What determines the intensity of light in the photon picture 

of light 

ANS For a given frequency, intensity of light in the photon picture is determined by the 

number of photons crossing an unit area per unit time. 

4 Is it necessary that the amplitude be constant over a given wavefront ?  

ANS Yes. In a homogeneous medium, the amplitude is constant on a given wavefront. 

5 Can two wavefronts cross one another? Give reason. 

ANS No. If they intersect, then there will be two rays or two directions of propagation of 

energy at the point of intersection which is not possible. 

6 A light wave enters from air into glass. How will the following be affected:      (i) 

Energy of the wave and (ii) Frequency of the wave ? 

ANS (i) Energy of the wave decreases because a part of the light wave is reflected back into 

air. 

(ii) Frequency of the wave remains unchanged. 



7 i)  When a wave undergoes reflection at a denser medium, what happens to its phase 

? 

ii)   If a wave undergoes refraction, what will be the phase change ?  

ANS i)  When a wave is reflected into rarer medium from the surface of a denser medium, it 

undergoes a phase change of π radian. 

ii)  Zero. No phase change occurs during refraction. 

8  If s is the size of the source and its distance is b from the plane of the two slits, what 

should be the criterion for the interference fringes to be seen? 

ANS  The condition for the interference fringes to be seen is 

                                               
𝑠

𝑏
    <   

𝜆

d
   . 

When s is the size of the source and b is the distance of this source from plane of the slit. 

9 State with reason whether diffraction of light takes place at the two slits in the 

Young's interference experiment. 

ANS Yes, the light waves suffer diffraction at both the slits. Then interference occurs 

between the diffraction patterns of the two slits.  

10 When a low flying aircraft passes overhead, we sometimes notice a slight shaking of 

the picture on our TV screen. Suggest a possible explanation. 

ANS Weak radar signals sent by a low flying aircraft can interfere with the TV signals 

received by the antenna. As a result, the TV signals may get distorted. Hence, when a 

low flying aircraft passes overhead, we sometimes notice a slight shaking of the picture 

on our TV screen. 

11 Is there any difference between the colours emerging from a prism and the colours of 

a soap film seen in sunlight ? 

ANS Yes. In the prism, colours are produced due to dispersion of light. The colours of a soap 

film are due to interference of light. 

12 What happens to the light energy when light waves interfere destructively at a point ? 

ANS Energy gets transferred from the regions of destructive interference to the regions of 

constructive interference. 



13 Yellow light is used in a single slit diffraction experiment with slit width of 0.6 mm. If 

yellow light is replaced by X-rays, how will the diffraction pattern be affected ? 

ANS  As the wavelength of X-rays is much smaller than that of yellow light, so the diffraction 

pattern is lost when the yellow light is replaced by X-rays. 

14 Is it correct to say that diffraction is interference between different parts of the same 

wavefront ?  

ANS Yes, diffraction is due to the interference of Secondary wavelets starting from different 

parts of the Wavefront that passes through an aperture or that is Unobstructed by the 

obstacle. 

15 How does the angular separation between fringes in single-slit diffraction experiment 

change when the distance of separation between the slit and screen is doubled? 

ANS  As angular separation between θ = λ / a   

So, When the distance D of separation between the slits and the screen is doubled, the 

angular separation θ remains unchanged. 

16 Two students are separated by a 7 m partition wall in a room 10 m high. If both light 

and sound waves can bend around obstacles, how is it that the students are unable to 

see each other even though they can converse easily. 

ANS Bending of waves by obstacles by a large angle is possible when the size of the obstacle 

is comparable to the wavelength of the waves. 

On the one hand, the wavelength of the light waves is too small in comparison to the 

size of the obstacle. Thus, the diffraction angle will be very small. Hence, the students 

are unable to see each other. On the other hand, the size of the wall is comparable to 

the wavelength of the sound waves. Thus, the bending of the waves takes place at a 

large angle. Hence, the students are able to hear each other. 

17  Ray optics is based on the assumption that light travels in a straight line. Diffraction 

effects (observed when light propagates through small apertures/slits or around small 

obstacles) disprove this assumption. Yet the ray optics assumption is so commonly 

used in understanding location and several other properties of images in optical 

instruments. What is the justification? 



ANS The justification is that in ordinary optical instruments, the size of the aperture involved 

is much larger than the wavelength of the light used. 

18 What is the ratio of the fringe width for bright and dark fringes in Young's double slit 

experiment ? 

ANS 1 : 1, because both bright and dark fringes have same fringe width. 

19 Two slits in Young's double slit experiment have widths in the ratio 81 : 1. What is the 

ratio of the amplitudes of light waves from them ? 

ANS As W1/W2 = I1 /I2 = a1 2/ a2
2  

So , a1 / a2 = √W1/W2 = √
81

1
    = 9 : 1 

20 What is the ratio of the slit widths when amplitudes of light waves from them have a 

ratio √2 : 1 ? 

ANS As W1/W2 = I1 /I2 = a1 2/ a2
2  

So , W1/W2 = a1 2/ a2
2 = (√2/1)2 = 2 : 1 

ADDITIONAL QUESTIONS : NUMERICALS 

1 In a Young’s double slit experiment, the two slits are kept 2 mm apart and the screen 

is positioned 140 cm away from the plane of the slits. The slits are illuminated with 

light of wavelength 600 nm. Find the distance of the third bright fringe from the 

central maximum, in the interference pattern obtained on the screen. If the 

wavelength of the incident light were changed to 480 nm, then find out the shift in 

the position of third bright fringe from the central maximum. 



ANS 

 

 

2 The ratio of the intensities at minima to the maxima in the Young’s double slit 

experiment is 9:25.Find the ratio of the widths of the two slits. 



ANS 

 

3 Laser light of wavelength 640 nm incident on a pair of slits produces an interference 

pattern in which the bright fringes are separated by 7.2 mm. Calculate the wavelength 

of another source of light which produces interference fringes separated by 8.1 mm 

using same arrangement. Also find the minimum value of the order ‘n’ of bright fringe 

of shorter wavelength which coincides with that of the longer wavelength.  

ANS Distance between two bright fringes = Fringe width 

 

Calculation of minimum value of order: for n to be minimum 

(n + 1)th maxima of shorter wavelength should coincide with nth maxima of 

longer wavelength 



 

4 (a) In a single slit diffraction experiment, a slit of width ‘d’ is illuminated by red light 

of wavelength 650 nm. For what value of ‘d’ will 

(i) the first minimum fall at an angle of diffraction of 30°, and 

(ii) the first maximum fall at an angle of diffraction of 30°? 

(b) Why does the intensity of the secondary maximum become less as compared to 

the central maximum?  

ANS 

 

(b) As the order increases only 1/nth (where n is an odd number) of the slit, will 

contribute in producing brightness at a point in diffraction. So the higher order maxima 

are not so bright as the central. 

5 A two slit Young's experiment is done with monochromatic light of wavelength 

6000 Å. Slits are 2 mm apart and fringes are observed on a screen placed 10 cm 

away from the slits. If a transparent plate of thickness 0.5 mm is placed in front 

of one of the slit, interference pattern shifts by 5 mm. What is the refractive 

index of transparent plate? 

ANS We know that, 

(µ –1)t = X d/D 

Or, µ = 1+Xd/D t 



 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Substituting the value of X, d , D and t in the equation µ = 1+Xd/Dt, we get, 

Or,  µ = 1+ (0.5) (0.2)/(10) (0.05) 

= 1+0.2 

= 1.2 

From the above observation we conclude that, the refractive index of 

transparent plate would be 1.2. 



PRACTICE PAPER 
 

M.M.: 25                                                                                                  TIME : 1 HOUR 
S.NO. QUESTION MARKS 

1 Sketch the shape of wave front in which the ray of light (a) diverges and (b) 
converges. 

2 

2 (a) What is the ratio of the fringe width of bright and dark fringe in young’s double 
slit experiment? 
(b) What is the phase difference between two pints in waterfront?  

2 

3 What is the resultant intensity at the region of (i) bright fringe and (ii) dark 
fringe when, two identical coherent waves, each of intensity, are produces 
an interference pattern?  

2 

4 A light of wave length of 600 nm is incident on a single slit of width  0.6 mm 
at normal incident calculate the width of the two dark bands on either side 
of the central maximum if the pattern observed is on a screen kept at 
distance of 1m. 

2 

5  What is the wave length of the wave used when first diffraction minima 
due to a single slit of width 1.0 x 10–5cm is at  

2 

6 Diffraction of sound may be a regular phenomenon in daily life but the same 
phenomena is not observable in the case of light, State the reason behind it. 

2 

7 A beam of light consisting of two wavelengths, 600nm and 450nm, is used to 
obtain the interference fringes in a Young’s double slit experiment on a screen is 
placed 1.4m away. If two slits are separated by 0.28mm, Calculate the 
least distance from the central bright maximum where the bright fringes of the 
two wavelengths coincide. 

3 

8 Define the term wave front. State Huygens principle. Using this principle draw a 

diagram to show the refraction of a plane wave and prove the Snell’s law of 

refraction. 

3 

9 (a) Explain the phenomena of diffraction. 

(b)Explain the formation of central bright fringe and secondary minima’s using 

single slit diffraction pattern. 

(c)What is the difference between single slit and double slit experiment. 

3 

10 CASE STUDY: Diffraction at a single slit 4 



 
(i) In the phenomena of Diffraction of light when the violet light is used in the 

experiment is used instead of red light then,  

(a) Fringe width increases  

(b) No change in fridge width  

(c) Fringe width decreases  

(d) Colour pattern is formed  

(ii) Diffraction aspect is easier to notice in case of the sound waves then in case of 

the light waves because sound waves  

(a) Have longer wavelength  

(b) Shorter wavelength  

(c) Longitudinal wave  

(d) Transverse waves  

(iii) Diffraction effects show that light does not travel in straight lines. Under what 

condition the concepts of ray optics are valid. ( D = distance of screen from the 

slit).  

(a) D < Zf  

(b) D = Zf  

(c) D > Zf  

(d) D << Zf  

(iv) when 2nd secondary maxima is obtained in case of single slit diffraction 

pattern, the angular position is given by  

(a) λ 

(b) λ/2  

(c) 3 λ/2  

(d) 5 λ/2  

 
 
 



CHAPTER 11 

DUAL NATURE OF RADIATION AND MATTER 

GIST OF LESSON: 

Work Function 

The minimum energy needed by an electron to come out from a metal surface (Woor φo). 

Electron emission 

The electrons from a metal surface can be emitted by supplying energy greater than Woby 

suitably heating (thermionic emission) or applying strong electric field (field emission) or 

irradiating it by light of suitable frequency (photoelectric emission). 

K.E. gained by an accelerated electron 

An electron accelerated from rest trough a p.d. of V volts, 

Gain in K.E  =  ½  mv2  =  eV 

Electron Volt 

Kinetic energy gained by an electron when accelerated through a p.d. of V volts. 

1eV = 1.6  x  10-19 J,  1 MeV  =  1.6  x  10-13 J 

Particle nature of light: The photons 

According to Planck’s quantum theory of radiation, an electromagnetic wave travels in the form 

of discrete packets of energy called quanta. One of quantum of light radiation is called a photon. 

Photon nature of electromagnetic radiation 

1. In its interaction with matter, radiation behaves as if it is made of particles, called 

photons. 

2. Each photon carries an energy (E = hv) and momentum (p = (h / λ), which depends upon 

the frequency of radiation and not on its frequency. 

3. Photons are electrically neutral not deflected by electric and magnetic fields. 



4. In photon – electron collision, total energy and total momemtum are conserved but the 

number of photons may not be conserved. 

5. The rest mass of a photon is zero. 

6. The equivalent mass of a photon is given by 

 E = mc2 = hv  or  m = hv / c2 

Photoelectric effect 

The phenomenon of emission of electrons from a metal surface, when electromagnetic radiation 

of suitable frequency is incident on it. Metals like Li, Na, K, Ce show photoelectric effect with 

visible light while metal like Zn, Cd, Mg respond to ultraviolet light. 

Photoelectric Current 

The current constituted by photoelectrons. It depends on (i) the intensity of incident light, (ii) 

p.d. applied between the two electrodes, and (iii) the nature of emitter material. 

Cut off or stopping potential 

The minimum value of negative potential applied to the anode of a photocell to make the 

photoelectric current zero. It depends on (i) frequency of incident light and (ii) the nature of 

emitter material. For a given frequency of incident light, it is independent of its intensity. It is 

related to the maximum K.E. of the emitter electrons as 

 Kmax = ½ mv2
max = e Vo 

Threshold frequency 

The minimum value of the frequency of incident radiation below which the photoelectric 

emission stops altogether, it is a characteristic of the metal. 

Laws of Photoelectric emission 

1. For a given metal and a radiation of fixed frequency, the rate of emission of 

photoelectrons is proportional to the intensity of incident radiation. 



2. For every metal, there is a certain minimum frequency below which no photoelectrons 

are emitted; however high is the intensity of the incident radiation. This frequency is 

called threshold frequency. 

3. For the radiation of frequency higher than the threshold frequency, the maximum kinetic 

energy of the photoelectrons is directly proportional to the frequency of incident 

radiation and is independent of the intensity of incident radiation. 

4. The photoelectric emission is an instantaneous process. 

Failure of wave theory to explain photoelectric effect 

The picture of continuous absorption of enerfy from the radiation could not explain 

 1. The independent of Kmax on intensity, 

 2. The existence of threshold frequency vo, and 

 3. The instantaneous nature of photoelectric emission. 

Einstein’s theory of photoelectric effect 

When a radiation of frequency v is incident on a metal surface, it is absorbed in the form of 

discrete photons each of energy hv. Photoelectric emission occurs because of single collision of 

a photon with a free electron. The energy of the photon is used to 

1. Free the electron from the metal surface. It is equal to the work function Wo of the metal. 

2. Provide kinetic energy to the emitted electron 

 hv  =Kmax + W0 

 orKmax=  ½ mv2
max  =  hv – W0 

This is Einstein’s photoelectric equation. 

Explanation of photoelectric emission on the basis of Einstein’s photoelectric emission 

1. Clearly, above the threshold frequency √0, Kmaxis directly proportional to √0 i.e. the 

maximum K.E. of the emitted electrons depends linearly on the frequency of incident 

radiation. 



2. When √ < √0, Kmax become negative. The kinetic energy becomes negative which has no 

physical meaning. Hence there is no photoelectric emission below the threshold 

frequency √0. 

3. It is obvious from the  photo-electric equation that the maximum K.E. of photo-electrons 

does not depend on the intensity of incident high. 

Dual nature of radiation: 

Light has dual nature. It manifests itself as a wave in diffraction, interference, polarization etc. 

while it shows particle nature in photoelectric effect, Compton scattering etc. 

Dual nature of matter: 

According to De-Broglie hypothesis, material particles in motion display wave like properties. This 

hypothesis was based on (i) de-Broglie concept of nature loves symmetry, and (ii) matter can be 

converted into energy and vice versa. So moving particles like protons, neutrons, electrons etc. 

are associated with de-Broglie waves and their wavelength is given by  

 λ  = h / p  =  h / mv 

Davisson and Garmer experiment: 

This electron diffraction experiment has verified and confirmed the wave-nature of electrons. 

De-Broglie wavelength of an electron: 

The wavelength associated with an electron beam accelerated through a potential difference of 

V volts is given by 

 λ  = h / √2meV   =  (1.227 / √V) nm 

 

 

 

 



Important curves-           

     

 

 

 

 

 



 

 

 

Important formulae 

Sl. 

No. 

Formulae Symbol Application 

1. E = hϑ =hc/ λ E = energy of photon,  

h = Planck’s constant, 

ϑ = frequency 

To find energy of photon 

2. φo= hϑo = hc /λ o φo=work function , 

ϑo = threshold frequency, 

λo=threshold wavelength 

Relation between work 

function andϑo ,λo 



3. Kmax= ½ mv2 

= hϑ – φo 

 = h (ϑ – ϑo ) 

Kmax = Maximum kinetic 

energy of emitted electron, 

vmax= maximum velocity 

Einstein’s photoelectric 

equation 

4. Kmax =  ½ mv2= eVo E = charge on electron, 

Vo = stopping potential 

Relation between 

maximum kinetic energy 

and stopping potential 

5. λ = h/ mv = h/p λ =wavelength of matter wave,  

p = momentum of matter 

particle 

de- Broglie wavelength of 

matter wave 

6. λ = h/ √mE = h/√2mqV 

 

E = kinetic energy 

V = accelerating potential 

Relation between de-

Brogliewavelengthand 

kinetic energy E and V 

7. eVo = hϑ– φo 

= hc/λ – φo 

λ = hc/(eVo +φo ) 

λ = wavelength of incident 

radiation, 

φo = work function, 

Vo = stopping potential  

 

Relation between 

wavelength of incident 

radiation and φo,Vo when 

photoelectric current is 

brought tozero. Straight 

line curve between V0 

andϑ 

8 N = P/E N = no. of photons emitted by 

the source per sec, P = power of 

incident radiation, E = energy of 

photon 

To find no. of photons 

emitted per sec on an 

average by the source. 

9 dV0 /dϑ = h/e Vo = stopping potential 

ϑ = frequency of incident 

radiation 

Slope of Vo vs ϑ  gives 

Planck’s constant, Also 

slope is constant for all 

metals 

  

 



CASE BASED QUESTIONS: 

1: PHOTOELECTRIC EMISSION: The photoelectric emission is possible only if the incident light is 

in the form of packets of energy, each having a definite value, more than the work function of 

the metal. This show that light is not of wave nature but of particle nature. It is due to this reason 

that photoelectric emission was accounted by quantum theory of light. 

(i):  Packet of energy are called  

 (a) Electron 

 (b) Quanta 

 (c) Frequency 

 (d) Neutron 

(ii): One quantum of radiation is called 

  (a) Meter 

 (b) Meson 

 (c) Photon 

 (d) Quark 

(iii):  Energy associated with each photon  

 (a) hc 

 (b) mc 

  (c) hv 

 (d) mc2 

 

(iv): Which of the following waves can produce photoelectric effect? 

 (a). UV radiation 

  (b). Infrared radiation 

  (c). Radio waves  

 (d). Microwaves 

(v):  Work function of alkali metals is  

  (a) less than zero  

  (b) Just equal to other metals 

  (c) greater than other metals 

  (d) Quite less than other metals 



2. de-Broglie  Hypothesis: According to de-Broglie a moving material particle sometimes acts as 

a wave and sometimes as a particle or a wave is associated with moving material particle which 

controls the particle in every respect. The wave associated with moving material particle is called 

matter wave or de-Broglie wave whose wavelength called de-Broglie wavelength, is given by λ = 

h/mv. 

(i): The dual nature of light is exhibited by  

  (a) Diffraction and photo electric effect 

  (b) Photoelectric effect 

  (c) Refraction and interference  

  (d) Diffraction and reflection.  

(ii):  If the momentum of a particle is doubled, then its de-Broglie wavelength will  

  (a) Remain unchanged   (b) Become four times  

  (c) Become two times    (d) Become half 

(iii): If an electron and proton are propagating in the form of waves having the same λ , it implies 

that they have the same  

(a) Energy       (b) momentum         

(c) velocity    (d) angular momentum  

(iv):  Velocity of a body of mass m, having de-Broglie wavelength λ, is given by relation  

(a) V = λ h/m   (b) v = λm/h    

(c) v = λ/hm   (d) v = h/λm 

(v): Moving with the same velocity, which of the following has the longest de Broglie wavelength?  

(a) ᵦ -particle   (b) α -particle           

(c) proton           (d) neutron 

3. According to wave theory of light, the light of any frequency can emit electrons from metallic 

surface provided the intensity of light is sufficient to provide necessary energy for emission of 

electrons, but according to experimental observations, the light of frequency less than threshold 

frequency cannot emit electrons; whatever be the intensity of incident light. Einstein also 



proposed that electromagnetic radiation is quantized.If photoelectrons are ejected from a 

surface when light of wavelength λ1 = 550 nm is incident on it. The stopping potential for such 

electrons is Vs1 =0.19. Suppose the radiation of wavelength λ2 = 190 nm is incident on the surface. 

(i):  Photoelectric effect supports quantum nature of light because 

(a) there is a minimum frequency of light below which no photoelectrons are emitted. 

(b) The maximum K.E. of photoelectric depends only on the frequency of light and not on its 

intensity. 

(c) Even when the metal surface is faintly illuminated, the photo electrons leave the surface 

immediately. 

(d) Electric charge of the photoelectrons is quantized. 

(a) A, B, C 

(b) B, C 

(c) C, D 

(d) A, D, C 

(ii): In photoelectric effect, electrons are ejected from metals, if the incident light has a certain 

minimum  

(a) wavelength  

(b) frequency 

(c) amplitude  

(d) angle of incidence 

(iii): Calculate the stopping potential Vs2 of surface. 

(a) 4.47 

(b) 3.16 

(c) 2.76 

(d) 5.28 

(iv): Calculate the work function of the surface. 

(a) 3.75 

(b) 2.07 

(c) 4.20 

(d) 3.60 



(v): Calculate the threshold frequency for the surface. 

(a) 500 x 1012 Hz 

(b) 480 x 1013 Hz 

(c) 520 x 1011 Hz 

(d) 460 x 1013 Hz 

4: EMISSION OF PHOTOELECTRON: 

We know that metals have free electrons (negatively charged particles) that are responsible for 

their conductivity. However, the free electrons cannot normally escape out of the metal surface. 

If an electron attempts to come out of the metal, the metal surface acquires a positive charge 

and pulls the electron back to the metal. The free electron is thus held inside the metal surface 

by the attractive forces of the ions. Consequently, the electron can come out of the metal surface 

only if it has got sufficient energy to overcome the attractive pull. A certain minimum amount of 

energy is required to be given to an electron to pull it out from the surface of the metal. This 

minimum energy required by an electron to escape from the metal surface is called the work 

function of the metal. It is generally denoted by φ0 and measured in eV (electron volt). One 

electron volt is the energy gained by an electron when it has been accelerated by a potential 

difference of 1 volt, so that 1eV = 1.602 ×10–19 J. This unit of energy is commonly used in atomic 

and nuclear physics. The work function (φ0) depends on the properties of the metal and the 

nature of its surface. The values of work function of some metals are given in Table below. 

(i): Light with a wavelength of 195 nm is incident upon Na metal. The work function of sodium is 

265 kJ/mol. What will be the speed of the electrons ejected in the photoelectric effect? 

a)7.98 x 105m/s 

b) 8.55 x 106 m/s 

c) 4.33 x 105 m/s 

d) 0.67 x 106 m/s 

(ii): How we can define one electron-volt in terms of joules. 

a) 1 electron volt is the energy change that takes place when a charge equal to 1 electron 

(1.6×10-19C) is moved through a potential difference of 1 volt. 

b) It is the measure of an amount of kinetic energy  gained by a 

single electron accelerating from rest through an electric potential difference of 

one volt in vacuum. 

https://en.wikipedia.org/wiki/Kinetic_energy
https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Volt


c) Only a is correct. 

d) Both a and b are correct. 

(iii): Electronic work function, refers to: 

a) Energy (or work) required to withdraw an  electron  completely from a metal surface. 

b) is important in applications involving electron emission from metals, as in 

photoelectric devices and cathode-ray tubes. 

c) Both a and b are correct. 

d) Only a is correct. 

(iv): The work function of a substance is 4.0 eV. The longest wavelength (in nm) of light that can 

cause photoelectron emission from this substance is approximately, 

a) 310 

b) 400 

c) 560 

d) 220 

(v): Sodium and copper have work functions 2.3 eV and 4.5 eV respectively. Then the ratio of 

the Threshold wavelengths is nearest to 

a) 1:2 

b) 2:1 

c) 3:2 

d) 2:3 

5: EINSTEIN’S PHOTOELECTRIC EFFECT AND THE PHOTON: 

Light, Einstein said, is a beam of particles 

whose energies are related to their 

frequencies according to Planck's formula. 

When that beam is directed at a metal, the 

photons collide with the atoms. If a 

photon's frequency is sufficient to knock 

off an electron, the collision produces the 

photoelectric effect. Figure shows Equipment for studying the photoelectric effect.Light of a 

https://www.britannica.com/science/electron
https://www.britannica.com/science/metal-chemistry


particular frequency strikes a clean metal surface inside a vacuum chamber. Electrons are ejected 

from the metal and are counted by a detector that measures their kinetic energy. 

Observations in Photoelectric Effect 

(1) For each metal there is a characteristic minimum frequency below which photoelectric 

effect is not observed. This is called threshold frequency. 

If frequency of light is less than the threshold frequency there is no ejection of electrons 

no matter how long it falls on surface or how high is its intensity. 

(2) The kinetic Energy of electrons emitted is directly proportional to frequency of striking 

photons & independent of their intensity. 

(3) The no. of electrons that are ejected per second from metal surface depends upon 

intensity of striking radiations and doesn’t depend upon their frequency. 

(4) If frequency of incident light is more than threshold frequency then the excess energy is 

imparted to electrons in the form of kinetic energy. (E−W=1/2mv2) 

(i): Electrons are emitted with zero velocities from metal surface when exposed to radiation of 

wavelength 6800 Ao. Calculate (ν0= photon’s frequency & W0 = work function)? 

a) 3.21 x 1012 /sec &9.7 x 10-19 J 

b) 4.14 x 10 14 /sec & 2.92 x 10-19 J 

c) 7.76 x 10 14 /sec &9.7 x 10-19 J 

d) 4.14 x 10-14 /sec & 2.922 x 10-19 J 

(ii): A proton of wavelength 400 nm strikes metal surface. The electrons are ejected with velocity 

5.85 × 105 m/s. Calculate min. energy required to remove electron from metal surface. (Mass of 

electron = 9.1 × 10-31 kg) 

a) 29.43 ×10-20 J 

b) 34.50 ×1020  J 

c) 29.43 ×1020  J 

d) 34.50 ×10-20 J 

(iii) Einstein could explain photoelectric effect using Plank’s Quantum theory as follows: - 

a) Greater he frequency of incident light, greater the kinetic energy of e-. 



b) Greater the intensity of light more the no. of electrons ejected. 

c) Both are correct. 

d) Only b is correct. 

(iv): Who discovered the Photoelectric effect? 

a) Hertz. 

b) Einstein. 

c) Max Planck. 

d) de-Broglie. 

ANSWERS(Case Study Questions): 

 ANS (i) ANS (ii) ANS (iii) ANS (iv) ANS (v) 

Q.No.1 b c c a d 

Q.No.2 a d b d a 

Q.No.3 a b a b a 

Q.No.4 a d c a b 

Q.No.5 b d c a ------ 

 

 



2 MARK QUESTIONS: 

1. Using photon picture of light, show how Einstein’s photoelectric equation can be esta

blished? Write two features of photoelectric effect which cannot be explained by wa

ve theory.  

2. An alpha particle and a proton are accelerated through same potential difference. Fin

d the ratio (vᾳ /vp) of velocities acquired by two particles. 

3. Obtain the de Broglie wave equation for material particles 

4. If light of wavelength 412.5 nm is incident on each of the metal given below, which o

ne will show photoelectric emission and why? 

 

Metal Work Function (eV) 

Na 1.92 

K 2.15 

Ca 3.20 

Mo 4.17 

 

5. Calculate the de Broglie wave length of electron orbiting in the n = 2 state of hydrogen 

atom. 

6. Figure shows the variation of stopping potential ( Vo) with the frequency ϑ of two phot

osensitive materials M1 and M2 (i) why is the slope same for both lines? (ii) for which 

material will the emitted electrons have greater kinetic energy for the incident radiati

on of the same frequency? Justify. 

                                                                      

 

7. Draw the graph showing the variation of photoelectric current with anode potential for

 (i) the same frequency but different intensities I3 > I2 > I1 of incident radiation , and (ii

) the same intensity but different frequencies ϑ1> ϑ2 >  ϑ3 of incident radiation. 

8. The graph shows variation of stopping potential Vo verses frequency of incident radiati

on ϑ for two photosensitive metals A and B  

(i) Which of the two metals has higher threshold frequency and why? 

(ii) What does intercept on – ive axis represent? 

 

Vo 

o M1 

o 

M2

o o 



 

 

 

 

 
 

3 MARK QUESTIONS: 

1. When a given photo sensitive material is irradiated with light of frequency ϑ, the 

maximum speed of the emitted photoelectron equals v max.  v max
2 is observed vary 

with ϑ as per the following graph. Obtain expression for (i) Planck’s constant and (ii) 

the work function of the given photo sensitive material, in terms of the parameters l, 

n and the mass of the electron (iii) How is threshold frequency determined from the 

graph? 

 

 

 

 
 

2. X-rays of wavelength fall on a photosensitive surface emitting electrons. Assume that 

the work function of the metal can be neglected, prove that the de-Broglie wave 

length of the emitted electron will be
mc

h

2


 

3. A particle of mass M at rest decays into two particle of masses m1 and m2 having non- 

zero velocities. What is their de- Broglie wavelength? 

4. Write Einstein’s photoelectric equation and point out any two characteristic of 

photon on which this equation is based. Briefly explain the three observed features 

which can be explained by this equation. 

5. In a plot of photoelectric current verses anode potential, how does 

Vo 



(i) the saturation current vary with anode potential for incident radiation of different 

frequencies but same intensities? 

(ii)stopping potential vary for incident radiations of different intensities but same 

frequency 

(iii) photoelectric current vary for different intensities but same frequency of incident 

radiation? Justify your answer in each case. 

6. Find out an expression for de-Broglie wavelength of a charge q accelerated through a 

potential difference of V volts. What if charge particle is an electron? 

 

ADDITIONAL QUESTIONS: 1 MARK QUESTIONS 

1. If an electron is accelerated through a potential of 100 V, what is the de-Broglie wave 

length of electron? 

2. Calculate the momentum of a photon associated with a radiation of frequency             

5 × 1013 Hz. 

3. What will happen to stopping potential, if the intensity of radiation is doubled? 

4. Two beams, one of red light and the other of blue light of same intensity are incident 

on a metallic surface to emit photo electrons. Which one of the two beams emit elec

trons of greater kinetic energy? 

5. Two metals A & B have work function 2eV and 4eV respectively. Which metal has low

er threshold wave length for photoelectric effect? 

6. Show graphically, how the stopping potential for a given photo sensitive surface varie

s with frequency of incident radiation. Mark threshold frequency on it. 

7. How did Hallwachs observations lead to photoelectric effect? 

8. The de-Broglie wavelength associated with proton, and neutron are found to be equa

l. Which of the two has a higher value for kinetic energy? 

9. The maximum kinetic energy of photo electrons emitted from a surface when a          

photon of energy 6 V fall on it is 4eV. Find the stopping potential. 

10. Electrons are emitted from a photosensitive material when it is illuminated by green 

light but electron emission does not take place by yellow light. Will the electrons be 

emitted when the surface is illuminated by (i)red light,and (ii) blue light. 

11. In an experiment on photoelectric effect, the following graphs were obtained betwe

en the photoelectric current (I) and the anode potential V . Name the characteristic 

of the incident radiation that was kept constant in this experiment. 

 

 



ADDITIONAL QUESTIONS: NUMERICALS 

1. Given that that a photon of wavelength 10,000 Å has an energy equal to 1.23 eV. 

When light of wavelength and 5000 Å and intensity I0 falls on a photo electric metal. The 

saturation current is 0.40 X 10-6 A and the stopping potential is 1.36 V. What is the work 

function? If the intensity of light is made to 4I0, what is the saturation current and 

stopping potential? 

2. What is de Broglie wavelength of 

(a) a bullet of mass 0.040kg travelling at the speed of 1 km/s 

(b) an electron with kinetic energy of 120eV 

       3.   In an experiment on photoelectric effect , the slope of the cut -off voltage versus  

frequency of incident light is found to be 4.12x10-15 Vs. Calculate the value of planck's c

onstant 

4.  A radio transmitter operates at a frequency 880kz and a power of 10kW.Calculate the

 number of photons emitted per second 

5. A blue lamp mainly emits light of wavelength 4500 A. The lamp is rated at 150 W and 
8% of the energy is emitted as visible light. How many photons are emitted by the lamp 
per second. 

6. Monochromatic radiation of wavelength 640.2nm from a neon lamp irradiates a phot
osensitive metal made of tungsten. The stopping potential is measured to be 0.54 V. The
 source is replaced by an iron source which emits radiation of wavelength 427.2nm irradi
ates the same potential. Calculate the stopping potential. 

 

 



 

ANSWERS  (2 MARK QUESTIONS) : 

1. (a) Light consists of photons. While interacting with matter the photon collides with 

an electron it gives its entire energy to the electron and then exists no longer in 

photoelectric effect. Energy used to knock out the electron is work function and 

remaining energy provides K.E. to electron 

      Kmax = ½ mv2 

       Kmax  =  hϑ – φo 

= h (ϑ – ϑo )   hϑ is the energy of incident photon, (hϑ0) is work function and 

rest energy is given to electron as maximum KE. 

 

(b) (i) Greater intensity has no effect on KE of an electron, cannot be explained by wa 

           ve theory.  

     (ii) Wave theory also fails to explain the existence of threshold frequency. 

2.  

 

3. De-Broglie equation for material particle is based on symmetry in nature. Photon pict

ure and material sub particle are taken anlogus. For photon



   

 

 

4. Metal will show photoelectric emission only when energy of incident photons is          

greater than or equal to work function of that metal. 

[Work function is the minimum amount of energy required to just eject the electronsf

rom metal surface. ] 

Now, use formula, E = 1240 / λ ( in nm) eV 

here, λ =  412.5 nm So, E = 3.006 eV 

Now, apply condition of photoelectric emission, 

E ≥ work function { Φ } 

We can see that work function of K and Na are less than incident energy of photons. 

Hence, only potassium, K and Sodium, Na will show photoelectric emission. 

5. Kinetic Energy for second state, 



 

 

6. (i) The slope of stopping potential (V0)  versus frequency (v) is equal to (h/e)  which is 

   universal constant, so slope is same for both lines.   

(ii) K.E. = hv - hv0 . As threshold frequency v0 is lesser for M1, so K.E. will be greater 

      for  M1 for same frequency.  

7. (i) Same frequency but different intensities – 

 

 

(ii) Same intensity but different frequencies – 

 

 

8. (i) From Einstein photoelectric equation, 



eV0 = hϑ - ϕ0 or 

V0 = hϑ/e − ϕ0/e 

It is an equation of straight line as shown by line of A and B in figure 

∴ slope of the line AB = ΔV0/Δ v = h/e also threshold frequency is value from origin to 

point where line meets/ cuts frequency axis. 

Hence from the graph, the threshold frequency of Metal A is greater than the Metal B

, therefore the work function of Metal A is more than Metal B 

(ii) Intercept on potential axis = − ϕ0 / e from the equation 

Where, Work function = ϕ0,  e = charge of electron 

 

ANSWERS  (3 MARK QUESTIONS) : 

 

1. (a) Einstein photoelectric equation can be used to determine the plank's constant 'h'. 

thus, we have 

 

 

We know, the slope of the graph is 

 

plank's constant  

 

(b) From the graph 

 

Hence, the work function will be 

 

(c) The threshold frequency is the intercept on horizontal axis 

 

2. As x ray photon of wavelength λ is incident on the metal surface, so KE of electrons 

KE max= hc /  λ (since, work function is negligible) 

De Broglie wavelength of emitted electron, λ’= h / √ (2mKEmax) 

But, KE max = hc / λ 

So, λ’=h / √( 2m(hc / λ)) = √ ( hλ / 2mc) 

3. λ= h / mv 

Here, Using Momentum conservation of particles, 

0 x M ( original mass) = m1v1 + m2v2 

Clearly, m1v1 = - m2v2 



Thus, in magnitude, mv i.e, momentum is constant and 

λ =  h/mv 

Therefore, λ1 / λ2 = 1/1  

4. If radiation of frequency (v) greater than threshold frequency (v0) irradiate the metal 

surface, electrons emitted out from the metal. So Einstein’s photoelectric equation    

can be given as 

 

Characteristic properties of photons:  

(i) Energy of photon is directly proportional to the frequency (or inversely proportion

al to the wavelength). (ii) In photon-electron collision, total energy and momentum of

 the system of two constituents remains constant.  (iii) In the interaction of photons 

with the free electrons, the entire energy of photon is absorbed.  

Features of photoelectric effects:   

(i)  Explanation of frequency law: When frequency of incident photon (n), increases, 

 the kinetic energy of emitted electron increases. Intensity has no effect on kinetic     

energy of photoelectrons.  

(ii) Explanation of intensity law: When intensity of incident light increases, the numb

er of incident photons increases, as one photon ejects one electron; the increase in i

ntensity will increase the number of ejected electrons. In other words, photocurrent 

will increase with increase of intensity. Frequency has no effect on photocurrent. 

(iii) Explanation of no time lag law: When the energy of incident photon is greater th

an work function, the photoelectron is immediately ejected due to elastic collision.   

Thus, there is no time lag between incidence of light and emission of photoelectrons. 

5. (i) Saturation current depends only on the intensity of incident radiation but is             

independent of the frequency of incident radiation. More is frequency, more is            

stopping potential. It is because more is frequency more is KE. 

   

 

 

(ii) Stopping potential does not depend on the intensity of incident radiations 
 



 

           (iii) Photoelectric current is directly proportional to the intensity of incident                     

            radiations, provided the given frequency is greater than the threshold frequency. 

 

 

 

             It is because more is intensity, more photons are ejected per unit time and due to one

             to one collision more electrons are ejected per unit time giving more saturation           

             current. 

 

a. The charged particle has a mass m and charge q. 

The kinetic energy of the particle is equal to the work done on it by the electric field. 

KE = qV 

½ mv2 = qV  

Momentum, p = √( 2mqV )  

∴ de-Broglie wavelength associated with the particle, λ = h/p = h/ √( 2mqV ),  if charg

e is electron  then  p = √( 2meV ) , 

λ = h/p = h/ √( 2meV = 1.227/√V nm 

 

ANSWERS (1 MARK QUESTIONS): 

1. According to de Broglie equation, 

Wavelength associated with an electron through potential difference V is given as 

λ = 12.27  Å / √ V = 12.27/10 Å = 1.227 Å 

2. According to the given question, 

Frequency ,f = 1.5×1013  Hz 

wavelength = λ and speed of light = c, momentum = p, planks constant = h 

frequency ,f = c/ λ 

So, = c/f 

Also, λ = h/ p So, c/f = h/p 



p = hf/c 

So, putting the values of the following, 

We get, p = 11.07× 10-29 kg m/s  

3. As, eV0=h(v−v0), so stopping potential V0 remains unchanged by the increase in inten

sity of the incident radiation. 

4. The kinetic energy is directly proportional to the frequency of light i.e., the beam of li

ght having high frequency will emit electrons of greater kinetic energy. 

As blue light has more frequency than red light, the beam of blue light emits electron

s of greater kinetic energy. 

5. If W is the work function and ϑ0 is the threshold frequency, then the corresponding th

reshold wavelength λ0 is given by 

λ0 inversely proportional to W 

Given, WA = 2eV , WB = 4eV 

Since, WA < WB  

So, λA > λB. Threshold wavelength for metal B of work function 4eV  is lower. 

6.  

 

7. Hallwachs connected a negatively charged zinc plate to an electroscope. The plate      

lost its charge when it was illuminated by uv light also the uncharged zinc plate           

became positively charged when it was irradiated by uv light. From this observation   

he concluded that negatively charged particles were emitted from the zinc plate         

under the action of uv light giving photoelectric effect. 

8. As The de-Broglie wavelength is given as  

 

As given The de-Broglie wavelength associated with a proton and a neutron are found 

to be equal, that means they both will have same p (momentum) 

Now kinetic energy is given as 

 

Since for both p is same. So we can say that   



mass of proton = 1.6726 x 10-27 kg and mass of neutron = 1.6749 x 10-27 kg. 

Therefore, since a proton has a lighter mass, it will have a higher value of kinetic 

energy. 

9. Stopping potential is the negative potential applied to stop the electrons having 

maximum kinetic energy.  K. E.max = 4eV Therefore, Stopping potential will be 4 V. 

10. Ejection of electrons will be possible by radiations of wavelength less than that of   

       green light. Because, λb < λg wavelength of blue light is less than the wavelength of        

      green lights. So the answer is blue light. 

11. As the value of stopping potential is same for all the curves, so the frequency of       

        incident radiations is kept constant. 

 
SOLUTION OF NUMERICALS: 
 

1.   Einstein equation eVo = hc/λ – Φo 
        Φo = hc/λ - eVo   
 = 6.6 x 10-34 x 3 x 108   - 1.6x 10-19 x 1.36 

---------------------------………………   

   5000 x 10-10  
 = 1.78 x 10-19 J = 1.10eV 
 Saturation current becomes four times of Io  = 4 x 0.40 x !0-6  = 1.6 x10-6 A 
 Stopping potential remains same. 
2.   a)   λ = h/mv 
           6.63x 10-34  
     =   ………………………….  = 1.65 x 10-35 m 
          0.040x 1.0 x 103 
     b) use λ =  h / √2mK    convert K in joules,  place mass of electron 
                =  0.112nm 
3.    slope of Vo Vs ϑ = h/e  
       dV/ d ϑ  = h/e  
       h = e x dV/ d ϑ  =  4.12 x 10-15  x 1.6 x 10-19 

                                   = 6.59 x 10-34 Js 
 
4.    N = power/ energy of photon 
        = P/ hϑ 
    Place values 
       =1.72 x 1031  

 
5.   N = 8% of p/ E = 8Pλ/ 100hc 
     Place values 
     = 2.71x 1029  photon /sec 
 



6.   Use Einstein equation eVo = hc/λ – Φo 
      For neon lamp 
      eVo1 = hc/λ1 – Φo 

      for iron source  
      eVo2 = hc/λ2 – Φo 
      V02 – V01 =  hc/e [1/ λ1  - 1/ λ2} 
      Place values and solve = 0.97 V 
      V02 = V01 = 0.97 = 1.51 V 

 

 

 



PRACTICE PAPER 

Maximum Marks: 35                                                                                                  Time: 2 hours 

1. CASE STUDY: In 1905, Albert Einstein proposed a radically new picture of 

electromagnetic radiation to explain photoelectric effect. In this picture, photoelectric 

emission does not take place by continuous absorption of energy from the radiation. 

Radiation energy is built up of discrete units - the so called quanta of energy of radiation 

- a photon.                                                                                                                                     5 

(i) Photons have net... 

  a)  positive charge 

  b)  negative charge 

  c) zero charge  

  d)  none of these 

(ii)  In a photon - electron collision, which of the following is/are incorrect 

  a)  total energy is always conserved  

  b)  total momentum is always conserved  

  c)  the number of photons is always conserved  

  d) the photon may be absorbed or a new photon may be created  

(iii)  Photons can be deflected by 

  a)  Electric field 

  b)  Magnetic field 

  c)  Electromagnetic field  

  d)  None of these  



(iv)  All the photons of light of a particular frequency have same 

 a)  energy  

 b)  momentum 

 c)  speed  

 d)  all of these 

(v)  On increasing the intensity of light for a given frequency, what happens to number of 

photons per second crossing a given area, and the photon energy?  

 a)  increases, remains same  

 b) decreases, remains same  

 c)  remains same, decreases 

 d)  increases, decreases 

2. Plot a graph of showing variation of de-Broglie wavelength λ associated with a charged 

particle of mass m, verses 1/√V, where V is the potential difference through which the 

particle is accelerated. How does this graph give the information regarding the 

magnitude of the charge of the particle?                                                                  2 

3. Define the term work function of a metal. The threshold frequency of a metal is f’. 

When the light of frequency 2f’ is incident on the metal plate, the maximum velocity of 

electrons emitted is v1. When the frequency of the incident radiation is increased to 5f’, 

the maximum velocity of electrons emitted is v2. Find the ratio of v1 to v2.        2 

4. Write two basic properties which are used to obtain Einstein’s photoelectric equation. 2 

5. X-rays of wavelength ‘λ’ fall on a photosensitive surface, emitting electrons. Assuming 

that the work function of the surface can be neglected, prove that the de Broglie 

wavelength of electrons emitted will be √( hλ / 2mc).                                        2 

                                                                              OR 



             A particle is moving with kinetic energy K. Draw graph λ vs 1/√ K and determine its 

slope. If an electron and a proton have the same de Broglie wavelength , which one will 

be moving faster? 

6. Find the number of photons emitted per second by a 25 W source of monochromatic 

light of wavelength 6600 Å. What is the photoelectric current assuming 3% efficiency for 

photoelectric effect?                                                                                                           2                

7.  Draw a graph to show the variation of stopping potential with frequency of radiation 

incident on a metal plate. How can the value of Planck’s constant be determined from 

this graph?                                                                                                                             2 

8. Ultraviolet light of wavelength 2271 Å from a 100 W mercury source irradiates a 

photocell made of molybdenum metal. If the stopping potential is 1.3 V, estimate the 

work function of the metal. How would the photocell respond to a high intensity (~10^5 

Wm^-2) red light of wavelength 6328 Å produced by a He-Ne Laser?                       3 

9. A beam of monochromatic radiation is incident on a photosensitive surface.         3 

    (i)  Do the emitted photoelectrons have the same kinetic energy? 

(ii)  Does the kinetic energy of the emitted electrons depend on the intensity of 

incident radiation? 

   (iii)  On what factors does the number of emitted photoelectrons depend? 

10. If the frequency of the incident radiation on the cathode of a photocell is doubled, how 

will the following change:                                                                                                     3 

   (i)  Kinetic energy of the electrons. 

(ii)  Photoelectric Current. 

(iii)  Stopping potential. 

Justify your answer. 

 11. An electron and a photon, each has a wavelength of 1 nm. Find                                  3 

(i)  their momentum 

  (ii)  the energy of the photon 

  (iii)  the kinetic energy of electron. 



12.  Define the following:                                                                                                                3 

(i)  Cut-off Voltage (Stopping Potential ) 

(ii)  Threshold Frequency  

(iii)  threshold wavelength  

                                                             OR 

 Define de- broglie wavelength .Derive an expresion for the de- broglie wavelength     

 associated with an electron accelerated through a potential of V volts.  

 (i)  Saturation current varies with anode potential for incident radiations of different 

frequencies but same intensity? 

(ii)  The stopping potential varies for incident radiations of different intensities but 

same frequency. 

(iii)  Photoelectric current vary for different intensities but same frequency of 

radiations? Justify your answer in each case? 

13.     a) A deutron and an alpha particle are acceierated through same potential. Whch one of 

the two has (i) greater value of de-braglie wavelength and (ii) less kinetic energy? 

Explain. 

 b) in what way matter waves are different from em wave?                                                3 

 



CHAPTER 12  

ATOMS 

GIST OF LESSON: 

• Electron was discovered by J J Thomson. 

• All atoms radiate different light spectra which show these atoms are different and 

may be the smallest particles. 

• Different atomic models such as plum-pudding model, Rutherford’s atomic model, 

Bohr’s atomic model, Somerfield’s atomic model etc. 

• Geiger Marsden experimentally proved Rutherford’s atomic model. 

• Radioactive element 83 Bi 214 was taken as α- particles generating source. Detector 

was made of ZnS. 

• Existence of nucleus ---- from Rutherford’s experiment.  

• How the electrons revolve around the nucleus given by Neils Bohr. 

• The atom shows range of spectral lines. Hydrogen is the simplest atom and has the 

simplest spectrum. 

• The spacing between lines within certain Sets of hydrogen spectrum decreases in a 

regular way. Each of these sets is called a spectral series. 

• These series are Lyman, Balmer, Paschen, Bracket and Pfund series etc. 

• Drawbacks of Rutherford’s atomic model  

(a) it could not explain the stability of the atom 

(b) It could not explain nature of energy spectrum. 

• Bohr’s atomic model is for hydrogen like atoms.  

 



CASE STUDY BASED QUESTIONS: 

1.  BOHR’S ATOMIC MODEL: 

 To study about atom, various scientists perform various experiments such as Thomson’s plum 

pudding model and Rutherford’s alpha particle scattering experiment, Bohr’s atomic model and 

Somerfield’s atomic model etc. According to Bohr’s atomic Model, an atom consists of a small 

positively –charged nucleus and negatively charged electrons orbits around the nucleus. These 

orbitals’ can have different sizes, energies etc. energy is also emitted due to the transitions of 

electrons from one orbit to another orbit in the form of photons with different frequencies. 

Expression for wavelength of radiation is given by Rydberg. By this formula wavelengths of 

different lines like Lyman, Balmer, Paschen, Bracket and Pfund series etc. can be calculated. 

(i) The formula which gives the wavelength of emitted photon was given by  

        (a) Paschen            (b) Rydberg                  (c)  Balmer                      (d) Pfund 

(ii) What is true about Bohr’s atomic model 

       (a) This model was unique totally different from other. 

       (b)This model is modification of Rutherford’s atomic model.  

       (c) This model is modification of Thomson’s atomic model. 

       (d) None of the above. 

(iii) Bohr’s atomic model is applicable for 

       (a) All types of atom                                          (b) Only for hydrogen atom 

       (c) for hydrogen like atoms                              (d) For Helium gas 

(iv) The cause of rejection of Rutherford’s atomic model was 

      (a) It was totally wrong                                     (b) It could not justify its stability. 

      (c)  Rutherford was unable to explain it         (d) None of the above. 



(v) The simple Bohr’s model cannot be directly applied to calculate the energy levels of an atom 

with many electrons. This is because 

(a) of the electrons not being subject to a central force. 

(b) of the electrons colliding with each other. 

(c) of screening effects 

(d) the force between the nucleus and an electron will no longer be given by Coulomb’s 

law. 

2. During the investigations of scattering of α particles from thin metallic foils. Rutherford came 

to a startling conclusion that the positive charge and mass of the atom is not distributed over a 

sphere of atomic dimensions, but is concentrated at the center of the atom over a very small 

region called the nucleus. On the basis of this conclusion he proposed another model called 

nuclear atom model.in this model he proposed that electrons revolve around the nucleus in 

circular orbits. But this picture of the atom could not explain its own stability. According to the 

classical electromagnetic theory, the electrons revolving around the nucleus must continuously 

radiate energy and hence move along a spiral path to fall into the nucleus. 

            At this critical juncture, Neil’s Bohr in 1913 introduced the idea of the quantum theory to 

explain the stability of the atom and also explain the spectrum of hydrogen. Bohr’s model was 

highly successful in not only explain the origin of then known spectral lines but also in predicting 

new spectral series. 

(i) Electron was discovered by  

(a) J J Thomson               (b) Chadwick                (c) Rutherford                     (d) Neil Bohr 

(ii) The difference in the angular momentum of the electron in the two successive orbit of 

hydrogen atom is   

(a) h /2π                        (b) h /π                             (c) h /4π                              (d) h /3π 

(iii) The period of revolution of electron in hydrogen atom is proportional to  

(a) n2                             (b) n                                     (c) n3                               (d) n4 



(iv) To which part of electromagnetic spectrum does the Lyman series fall 

(a) visible region           (b) Infrared region          (c) UV region            (d) None of the above 

(v)The energy of an electron in the ground state of hydrogen atom is   

(a) -13.4 eV                    (b)  -13.6 eV                     (c)  -13.5 eV                  (d)  -3.4 eV 

3. 

 

 

 

 

 

 



4. 

 

 

 

 

 

 

5. 



 

ANSWERS(Case Study Questions): 

 ANS(i) ANS(ii) ANS(iii) ANS(iv) ANS(v) 

Q.NO.1 b b c b a 

Q.NO.2 a a a c b 

Q.NO.3 d d c d d 

Q.NO.4 c c a b a 

Q.NO.5 d c d a b 

        



2 MARKS QUESTIONS: 

Q1. State Bohr’s quantization condition of angular momentum. Calculate the shortest 

 wavelength of the Bracket series and state to which part of the electromagnetic 

 spectrum does it belong. 

Ans. An electron revolves around the nucleus only in those orbits for which angular 

 momentum is an integral multiple of h / 2 π, where h is Planck’s constant. For 

 shortest wavelength n1 = ∞  and n2 =4 

1

 𝜆
= R (

1

𝑛12 - 
1

𝑛22) 

1

𝜆
= R (

1

16
 - 

1

∞
) 

Shortest wavelength= 16/5m = 1458.5nm & belong to Infrared region. 

Q2. Obtain the expression for the ratio of de-Broglie wavelengths associated with the 

electron orbiting in the second and third excited states of hydrogen atom. 

Ans.  For De-Broglie wavelength 

      2πrn = n λn 

     λn=2πrn / n 

    And rn =  n2r1 

     λ3/λ4  =¾ 

Q3. Calculate the shortest wavelength of light emitted in the Paschen series of hydrogen 

spectrum. Rydberg’s constant = 1.1 x 107m-1 

Ans.  For Paschen series wavelength n1 = 3 and n2 =∞ 

1

𝜆
= R (

1

𝑛12
 - 

1

𝑛22
) 

1

𝜆
= R (

1

9
 - 

1

∞
) 

             Shortest wavelength= 9/R m = 8.18 x 10-7m 

             It lies in infrared region. 



Q4. Define ionization energy. How would the ionization energy change when electron in 

 hydrogen atom is replaced by a particle of mass 200 times that of the electron but 

 having the same charge? 

Ans. The minimum energy required to free the electron from the ground state of the atom is 

 called ionization energy. 

        Ionization energy En= me4 / 8n2ε0
2h2 

        Ionization energy Enα m 

Ionization energy of a particle will become 200 times, the ionization energy required by  an 

electron. 

Q5. The ground state energy of hydrogen atom is -13.6 eV. If an electron makes a transition 

 from an energy level -1.51 eV to -3.4 eV, calculate the wavelength of the spectral line 

 emitted and the series of hydrogen spectrum to which it belongs. 

Ans. Energy difference = 3.4 eV – 1.51 eV = 1.89 eV 

                                               = 3.024 x 10-19J 

          Energy E = hc / λ 

 Wavelength = 6.47 x 10-7m 

          It belongs to Balmer series. 

 

3 MARKS QUESTIONS: 

Q1. Using Rutherford’s model of the atom, derive expression for the total energy of the 

 electron in hydrogen atom. What is the significance of total negative energy 

 possessed by the electron? 

Ans. Electrostatic attraction between nucleus and an electron provides the necessary 

 centripetal force to keep the electron in dynamically stable orbit. 

                   
𝑚𝑣2

𝑟
=

1

4𝜋𝜀

𝑒2

𝑟2
 



Therefore, mv2 = ke2/r 

Radius r = e2/(4πε0mv2) 

Kinetic energy K = 
1

2
 mv2 and 

Potential energy U = - k e2/r                              ( Where k = 1/ 4πε0) 

Thus KE = = ke2/2r 

Potential energy U = -ke2/r 

And Total Energy E = -ke2/2r 

Negative sign shows that electrons are bound to the nucleus. 

Q2. Using Rydberg’s formula, calculate the wavelength of the spectral lines of the first 

 member of the Lyman series and of the Balmer series. 

Ans. For Lyman series wavelength n1 = 1and n2 =2 

       
1

𝜆
= R (

1

𝑛12 - 
1

𝑛22 

       
1

𝜆
= R (

1

1
 - 

1

4
) 

        Wavelength= 4/3R m = 1.215 x 10-7m 

For Balmer series wavelength n1 = 2and n2 =3 

       
1

𝜆
= R (

1

𝑛12 - 
1

𝑛22 

       
1

𝜆
= R (

1

4
 - 

1

9
) 

             Wavelength= 36/5R m = 6.545 x 10-7m 

Q3. Find the ratio of energies of photons produced due to transition of an electron of 

 hydrogen atom from its  

(i) Second permitted energy level to the first level, and 

(ii) The highest permitted energy level to the first permitted level 

Ans. (i) For this  n1 = 1and n2 =2 



                  E21 = Rhc (
1

𝑛12
 - 

1

𝑛22
) 

                             = 3Rhc / 4 

(ii) For this  n1 = 1and n2 =∞ 

                  E∞1 = Rhc (
1

𝑛12 - 
1

𝑛22) 

    = Rhc 

 Required ratio = 3:4 

Q4. The ground state energy of hydrogen atom is -13.6 eV. If an electron makes a transition 

 from an energy level -0.85 eV to -3.4 eV, Calculate the wavelength of the spectral 

 line emitted. To which series of Hydrogen spectrum does this wavelength belong? 

Ans. ∆ E = E4 – E2= -0.85 + 3.40 

                = 2.55 eV 

          ∆ E (in eV) = 12420 / λ (A0) 

         Wavelength λ = 1420/2.55 = 4870 A0 

This belongs to Balmer series. 

Q5. Define distance of closest approach and impact parameter. A hydrogen atom initially in 

the ground state absorbs a photon which excites it to the n = 4 level. Find the 

frequency of the photon. 

Ans. Distance of closest approach is the distance between the centre of the nucleus and the 

point from which the alpha particle approaching directly to the nucleus returns.  

             Impact parameter is the perpendicular distance of the velocity vector of the alpha 

particle from the central line of the nucleus, when the particle is far away from the 

atom. 

For ground state n1 = 1 and n2 = 4 

As E = E2 – E1 

Or  h ν = -13.6/ (4) 2 – (- 13.6 / 12) 



Or  h ν = - 0.85 + 13.6 = 12.75 eV 

Or  h ν = 12.75 x  1.6 x 10 -19 J 

 Or ν = 12.75 x 1.6 x 10 -19 J / 6.6 x 10-34 

Thus ν = 3.09 x 10 15 Hz 

 

 NUMERICALS: 

Q1. In the scattering of an α – particle due to gold (Z=79) nucleus, the closest distance of 

 approach is 42fm. Calculate the energy of α – particle. 

Ans. E k = 
1

4𝜋𝜀0

2𝑧𝑒2

𝑟
 

Ek = 9 x 109 x 2 x 79 x (1.6 x 10-19)2 / 42 x 10-15 

  =    8.67 x 10-13 / 1.6 x 10-19 = 5.42 x 106 eV  

  = 5.42 eV 

Q2. The radius of the electron in the first Bohr’s orbit of hydrogen is 0.053 nm. Calculate the 

 kinetic energy, potential energy and hence the total energy of the electron in the 

 orbit. 

Ans. Potential energy  = −
1

4𝜋𝜀0

𝑧𝑒2

𝑟
 

  U =- 9 x 109 x 1 x (1.6 x 10-19)2 / 2.66 x 10-9 

U = -27.16 eV 

Kinetic energy K = - U/2 = -13.58 eV 

Total energy E = U + K = -13.58 e V 

Q3. Calculate the Rydberg constant for hydrogen atom assuming the ionization potential of 

 the hydrogen atom in the ground state to equal to 13.6 eV. 

Ans. Ionization energy E = R hc --------------------- (Joule) 

Energy E =Rhc/ e   ---------- (ineV) 



R = E e/ h c = 13.6 x 1.6 x 10-19/ (6.625 x 10-34 x 3 x 108) 

= 1.097 x 10-7 m-1 

Q4.  Calculate the radius of the first Bohr’s orbit of an electron in a singly ionized helium 

 atom (Z=2) and also the velocity of the electron in this orbit. 

Ans. Radius of the electron orbit in hydrogen like atom is   

rn = n2 x h2 ε0/ (π m Z e2)  

= 0.266 x 10-10m 

Velocity of the electron in nth orbit (Z=2) 

Velocity v = Z e2/ (2 n h ε0) = 4.36 x 106 m/s 

Q5. How many times does an electron go round the first Bohr orbit of hydrogen atom in 1 

 second? 

Ans.  Radius of electron orbit in hydrogen atom is  

rn = n2 x h2 ε0/ (π m Z e2)  

rn= 0.053A0 

                 Velocity v = Z e2/ (2 n h ε0) = 2.2 x 106 m/s 

We know v = r x ω = r x 2 π f 

           So frequency f = 6.62 x 1015Hz 

 

ADDITIONAL QUESTIONS (ONE MARKS QUESTIONS): 

Q1. What prompted Rutherford to propose the nucleus of an atom? 

Ans. Large angle scattering of α – particles. 

Q2. What is the ionisation potential of Hydrogen atom? 

Ans. 13.6eV 

Q3. Are the electrons orbit equally spaced in an atom? 



Ans. No 

Q4. What is the impact parameter for scattering angle 1800 in an α – particle scattering 

 experiment? 

Ans. Impact parameter b = 0 as Cot (ϴ/2) =0 

Q5. Write the unit of R/λ, where R is Rydberg’s constant and wavelength of spectral line. 

Ans. Unit m-2. 

Q6. Name the experiment responsible for the discovery of atomic nucleus. 

Ans. Rutherford’s Alpha scattering experiment 

Q7. Out of three radiations of the wavelengths 5000A0, 8000A0 and 1000A0, which one 

 corresponds to Lyman series of hydrogen atom. 

Ans. 1000A0 because it belongs to ultraviolet  

Q8. What is the maximum number of spectral lines emitted by a hydrogen atom when it is in 

 third excited state.? 

Ans. 6 

Q9. The first excitation potential of a given atom is 10.2V. What will be the value of 

 ionisation potential for this atom? 

Ans. 13.6 V 

Q10. Write the formula for finding energy for an electron orbiting in nth orbit in hydrogen 

 atom. 

Ans. E = -13.6 e V / n2 

 

 

 

 

 



PRACTICE TEST  

M. M.- 20                                                                                                                        TIME: 1 HOUR 

1. Write two drawbacks of Ruherford’s atomic model.             2 

2. Find the shortest wavelength of Balmer series in Hydrogen atom.        2 

3. Define distance of closest approach and impact parameter.         2 

4. Write the four limitations of Bohr’s atomic model.                         2 

5. Show that the radius of the orbit in hydrogen atom varies as n2, where n is the principal 

quantum number of the atom.           3 

6. The total energy of electron in the first excited state of hydrogen atom is -3.4eV.        3 

(a) What is kinetic energy of electron in this state? 

(b) What is potential energy of electron in this state? 

(c) Which of the answers above would change if the choice of zero of potential energy is 

changed? 

7. By using Rutherford’s atomic model, derive expression for the Kinetic energy, potential 

energy and total energy of an electron revolving in hydrogen atom.         3 

8.  A 12.5 eV electron beam is used to bombard gaseous hydrogen at room temperature. 

Upto which energy level the the hydrogen atom would be excited? Calculate the 

wavelength of the first member of Lyman and the first member of Balmer series.     3 

 

 

 

 

 



 

CHAPTER 13  

NUCLIE 

GIST OF LESSON: 

Nuclear Physics: - Branch of physics dealing with the study of nucleus is 

called nuclear Physics. 

• Constituents of nucleus (Nucleons) :- 

(a) Protons: - 

Mass of proton, mp = 1.6726×10-27 kg 
Charge of proton = 1.602×10-19 C 
(b) Neutron: - 
Mass of neutron, mn = 1.6749×10-27 kg 
(c) 1 atomic mass unit (1amu) = 1.66×10-27 kg 
(d) 1 amu = 1 u = 931.5 MeV 

• Properties of nucleus: - 
(a) Charge on nucleus = 1.602×10-19 Z coulomb 
(b) Size of nucleus: - 
The radius r of the nucleus depends upon the atomic mass A of the 
element. 
r =R0A1/3 
Here R0 = 1.2×10-13 cm     (1 Fermi =10-13 cm) 
Volume of the nucleus: - 
V = 4/3 πr3 = 4/3 π (R0A1/3)3 
(c) Density of nucleus:- 
Density of nucleus = mass/volume = A/(4/3 πR0

3A) = [3/(4πR0
3)] 

• Isotopes: - Nuclei having same atomic number Z but different mass 

number A are called isotopes. 

• Isobars: - Nuclei having same mass number A but different atomic 
number Z are called isobars. 

• Isotones: -Nuclei having the same number of neutrons (N) but different atomic 

number (Z) are called isotones. 

• Nature of nuclear force: - 

(a) Nuclear forces are attractive in nature. 
(b) Nuclear forces are charge independent. 



 
 
(c) These are short range forces. 
(d) Nuclear forces decrease very quickly with distance between two nucleons. 
(e) Nuclear forces are spin dependent. 

• Massdefect: - If the mass of the nucleus HZ
A is M, then the mass 

defect, 

ΔM = [Zmp + (A-Z)mn – M]? 
Here, mp and mn are the masses of the proton and neutron 
respectively. 

• Nuclear fission: - Nuclear fission is the process by which a nucleus breaks up in 

such a way that the two products obtained are of comparable sizes.  
Fission of U92

235 by fast moving neutrons is represented as, 

 

Value of Q in this reaction is 200.4443 MeV. 

 

• Chain reaction: -The above quoted fission reaction proceeding in an 

uncontrolled manner is known as chain reaction and forms the basis of atom bomb. 
Following conditions must be met with, for the chain reaction to proceed.  

(a) The fissionable material should be larger than a certain minimum size.  

(b) The material should be highly pure. 

 

• Nuclear reaction: - Fission reaction of U92
235can be made to proceed in a 

controlled manner by slowing down the three emitted neutrons. This is achieved 
by passing them through moderators. Heavy water and carbon rods can be used as 
moderators. A device in which the fission proceeds in a controlled manner is called 
a nuclear reaction. 



 

 

• Nuclear fusion: - A fusion reaction is one in which two lighter nuclei get fused 

together to form a heavy nucleus. It is a highly exothermic reaction and produces 
energy, on a scale, much higher than that produced in fission.  

 

 

 



CASE STUDY QUESTIONS: 

1.SIZE OF THE NUCLEUS:  

Rutherford was the pioneer who postulated and established the existence of the atomic nucleus. At 

Rutherford’s suggestion, Geiger and Marsden performed their classic experiment: on the scattering of α-

particles from thin gold foils. Their experiments revealed that the distance of closest approach to a gold 

nucleus of an αparticle of kinetic energy 5.5 MeV is about 4.0 × 10–14 m. The scattering of α-particle by the 

gold sheet could be understood by Rutherford by assuming that the coulomb repulsive force was solely 

responsible for scattering. Since the positive charge is confined to the nucleus, the actual size of the nucleus 

has to be less than 4.0 × 10–14 m. If we use αparticles of higher energies than 5.5 MeV, the distance of closest 

approach to the gold nucleus will be smaller and at some point, the scattering will begin to be affected by 

the short-range nuclear forces, and differ from Rutherford’s calculations. Rutherford’s calculations are based 

on pure coulomb repulsion between the positive charges of the α particle and the gold nucleus. From the 

distance at which deviations set in, nuclear sizes can be inferred. By performing scattering experiments in 

which fast electrons, instead of αparticles, are projectiles that bombard targets made up of various elements, 

the sizes of nuclei of various elements have been accurately measured. It has been found that a nucleus of 

mass number A has a radius R = R0 A1/3, where R0 = 1.2 × 10–15 m. This means the volume of the nucleus, 

which is proportional to R3 is proportional to A. Thus, the density of nucleus is a constant, independent of A, 

for all nuclei. Different nuclei are likes drop of liquid of constant density. The density of nuclear matter is 

approximately 2.3 × 1017 kgm–3. This density is very large compared to ordinary matter, say water, which is 

103 kg m–3. This is understandable, as we have already seen that most of the atom is empty. Ordinary matter 

consisting of atoms has a large amount of empty space. 

(i) Relative density of nucleus with respect to water is 

(a) 2.3 × 1017 kgm–3 

(b) 2.3 × 1014 kgm–3 

(c) 23 × 1017 kgm–3 

(d) 0.23 × 1017 kgm–3 

(ii) From R = R0 A1/3 how can we conclude that density of almost all the nucleus is same 

(a) Volume being proportional to square of R density becomes independent of mass  

number A 

(b) Volume being proportional to cube of R density becomes independent of mass  

number A 

(c) Volume being proportional to R density becomes independent of mass number A 

(d) Density has no relation with R 



(iii) What is the kinetic energy of α-particles bombarded towards the gold nucleus in  

Geiger and Marsden classic experiment? 

(a) 8.8x10-13 Joule (b) 8.8x10-15 Joule     (c) 88x10-13 Joule (d) 8.5x10-13 Joule 

(iv) What is the range of volume of hydrogen nucleus? 

(a) 10-15m.  (b) 10-30m.  (c) 10-45m.  (d) 10-60m. 

(v) The ratio of mass number of two nuclei is 8:125, what is the ratio of their radii? 

(a) 1:1   (b) 2:5   (c) 4:25  (d) 8:125 

 

2.NUCLEAR ENERGY: 

 As per the population rise in our country, energy demand is also increasing especially the  

electrical energy. For fulfilment of such demand, one of the options is to utilize nuclear sources.  

Nuclear energy is obtained through the nuclear fission process, where a big nucleus gets split  

into two or more than two smaller nuclei along with tremendous amount of energy. This energy  

can be used for either constructive purpose or destructive purpose for the humans. Nuclear  

reaction is of two types- nuclear fission and nuclear fusion. In nuclear reactor, controlled  

nuclear fission reaction is carried out. 

(i)The process taking out in the sun, due which we get light and heat energy 

  (a) Nuclear holocaust 

  (b) Thermal reactions 

 (c) Nuclear fusion  

 (d) Nuclear fission  

(ii) The atomic energy programme in our country was launched under the leadership of  

  (a) C V Raman 

 (b) Amit Bhatnagar 

  (c) A P J Abdul Kalam 

 (d) H J Bhabha 

(iii) The temperature of the core of the sun is about 

  (a) 103 to 104K 



 (b) 106 to 107K 

 (c) 109 to 1010K 

 (d) None of the above 

(iv) The fast-moving neutrons in nuclear reactor are slowed down by  

  (a) Moderator  

  (b) Control rods 

  (c) Coolant 

  (d) Plasamon 

(v) In any fission process, ratio of mass of daughter nucleus to mass of parent nucleus is 

(a) Less than 1  (b) Equal to 1  

 (c) Greater than 1        (d) Depends on the mass of parent nucleus 

3.Nuclear Force: 

Neutrons and protons are identical particle in the sense that their masses are nearly the same and the force, 
called nuclear force, does into distinguish them. Nuclear force is the strongest force. Stability of nucleus is 
determined by the neutron proton ratio or mass defect or packing fraction. Shape of nucleus is calculated by 
quadrupole moment and spin of nucleus depends on even and odd mass number. Volume of nucleus 
depends on the mass number. Whole mass of the atom (nearly 99%) is centred at the nucleus. 

(i) The correct statements about the nuclear force is/are 
(a) charge independent 
(b) short range force 
(c) non-conservative force 
(d) all of these. 

(ii) The range of nuclear force is the order of 
(a) 1.2 x 10-4 m  
(b) 2 x 10-10 m 
(c) 1.4 x 10-15 m 
(d) 1.5 x 10-20 m 

(iii) A force between two protons is same as the force between proton and neutron. The nature of the force 
is 
(a) electrical force 
(b) strong nuclear force 
(c) gravitational force 
(d) weak nuclear force 

(iv) two protons are kept at a separation of 40 A0. Fn is the nuclear force and Fe is the electrostatic force 
between them. Then 



(a) Fn <<Fe 
(b) Fn= Fe 
(c) Fn ≈ Fe  
(d) Fn >> Fe 

(v) All the nucleons in an atom are held by 
(a) nuclear forces 
(b) Vander Waal’s forces 
(c) tensor forces 
(d) coulomb forces 

4.Nuclear Density: 

The density of nuclear matter is the ratio of the mass of a nucleus to its volume. As the volume of a nucleus 
is directly proportional to its mass number A, so the density of nuclear matter is independent of the size of 
the nucleus. Thus, the nuclear matter behaves like a liquid of constant density. Different nuclei are like drops 
of this liquid of different sizes but same density. 

Let A be the mass number and R be the radius of a nucleus, if m is the average mass of a nucleon, then 

Mass of nucleus = mA 

Volume of nucleus = 
4

3
𝜋R3  

                               = 
4

3
𝜋(R0 A1/3 )3 

      = 
4

3
𝜋R0

3A 

Therefore, Nuclear Density, ρnu= 
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑛𝑢𝑐𝑙𝑒𝑢𝑠

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑛𝑢𝑐𝑙𝑒𝑢𝑠
 

     = 3m/ 4𝜋 R0
3 

Clearly, nuclear density is independent of mass number A or the size of the nucleus. 

The nuclear mass density is of the order of 1017Kgm-3. This is very large as compared to the density of 
ordinary matter, say water, for which ρ = 1.0x103Kgm-3.   

(i) The nuclear radius of 8O16 is 3X10-15m. The density of its nuclear matter is  

(a) 1.2x1017Kgm-3   (b) 2.3x1017Kgm- 3(c) 16x1027Kgm-3 (d) 2.9x1034Kgm-3 



(ii) The density of a nucleus is 

(a) More for heavier elements and less for lighter elements 

(b) More for lighter elements and less for heavier elements 

(c) Very less as compared ordinary matter 

(d) A constant  

(iii) If the nucleus of 13Al27 has a nuclear radius about of 3.6fm, then 52Te125 would have its radius 
approximately as 

(a) 4.8fm    (b) 6fm    (c) 9.6fm     (d) 12fm 

(iv) If A is the mass number and R is the radius, then logR versus logA graph will be 

(a) A straight line (b) a parabola (c) an ellipse (d) none of these 

(v) The ratio of the nuclear densities of gold isotope 79Au197silver isotope 47Ag107 is  

(a) (197:107)1/3  (b) (79:47)1/3  (c) 1:1   (d)197:107 

5.Nuclear Fission: 

A heavy nucleus breaks into comparatively lighter nuclei which more stable compared to the original 
heavy nucleus. When a heavy nucleus like uranium is bombarded by slow moving neutrons, it splits 
into two parts releasing large amount of energy. The typical fission reaction of 92U235. 

92U235   + 0n1   → 56Ba141 + 36Kr92 + 30n1+ 200MeV 

The fission of 92U235 approximately released 200MeV of energy. 

(i) If 200MeV energy is released in the fission of a single nucleus of 92U235, the number of 
fissions which are required to produce a power of 1KW is 

(a)1.52x106   (b) 3.125x1012  (c) 3.125x1013  (d) 3.125x1014  

 



(ii) The release in energy in nuclear fission is consistent with the fact that uranium has 

(a) More mass per nucleon than either of the two fragments 

(b) More mass per nucleon as the two fragments 

(c) Exactly the same mass per nucleon as the two fragments 

(d)  Less mass per nucleon than either of the two fragments 

(iii) When 92U235 undergoes fission, about 0.1% of the original mass is converted into energy. The 
energy released when 1Kg of 92U235 undergoes fission is  

(a)9x1011J  (b) 9x1013J   (c) 9x1015J   (d) 9x1018J 

(iv) In a nuclear reactor, the fuel is consumed at the rate of 1mg/s. The power generated in 
kilowatt is  

(a) 9x104J  (b) 9x107J   (c) 9x108J   (d) 9x1010J 

(v) Einstein’s mass – energy conversion relation E = mc2 is illustrated by 

(a) Nuclear fission  (b) β- decay   (c) rocket propulsion  (d) steam engine 

ANSWERS(Case Study Questions): 

 ANS(i) ANS(ii) ANS(iii) ANS(iv) ANS(v) 

Q.NO.1 b b a c b 

Q.NO.2 c d b a a 

Q.NO.3 d c b d a 

Q.NO.4 b d b a c 

Q.NO.5 c a b d a 

 



 

2 MARK QUESTIONS: 

1. A radioactive nucleus A undergoes a series of decay according to following scheme: 

           A α  A1  β-1  A2 α        A3  γ A4  

      The mass number and atomic number of A are 180 and 72 respectively. What are these numbers 

for A4? 

(i) Are they isotopes of the same element? Why? 

(ii) Which one of the two is likely to be more stable? 

 

Ans: (i) The atomic numbers of A1 and A are 73 and 74 respectively 

The elements A and A1 are isobars. 

(ii).  The decay scheme may completely be represented as  

72A
180 α 70A

76       β-1  
71A

176        α 69A3
172        γ 69A4

172  

Clearly, mass number of A4 is 172 and atomic number is 69. 

(i) The two nuclides are isotopes of the same elements because they have the same Z. 

 

  (2)   The nuclide 3Y
4 is more stable because is has less neutron to proton ratio. 

2.State three properties of nuclear forces. Show that the density of nuclear matter is independent 

of mass number A. 

Ans: (i)         Nuclear forces are the strongest attractive forces. 

(ii) Nuclear forces are short ranged upto 10-15 m. 

(iii) Nuclear forces are charge independent. 

 

 
3. How does the size of nucleus depend on its mass number? Hence explain why the density of 

nuclear matter in independent of the size of nucleus? 

 

Ans: The radius (size) R of nuclear is related to its mass number (A) as  

                                         R=R0 A
1/3     where   R0 =1.1 x 10- 15m 

If m is the average mass of a nucleon, then mass of nucleus =mA, where A is mass 

number. 



                         

 

Volume of nucleus = (4/3) π R3 = (4/3) π R 0 
3 A  

∴       Density of nucleus = Mass / Volume = 3m / 4 π R 0 
3   

Nuclear density is independent of mass number. 

 

4. (a) Four nuclei of an element fuse together to form a heavier nucleus. If the process is 

accompanied by release of energy, which of the two the parent or the daughter nucleus would 

have a higher binding energy /nucleon? 

(b)The minimum energy required to remove an electron from atom to infinitely for away is called 

the ionization energy.  

Ans: (a) The daughter nucleus will have higher binding energy per nucleon 

 (b) The ionization energy for hydrogen atom is 13.6 eV  

 

5. (a) State two characteristic properties of nuclear force.  

(b)Two nuclei have mass number in the ratio 1: 3. What is the ratio of their nuclear 

densities?  

Ans: 

(a). (i) Nuclear forces are the strongest force in nature. 

(ii) They are charge independent. 

(b). Since nuclear density is independent of the mass number, the ratio of nuclear 

densities will be 1:1 

6.  radioactive nucleus ‘A’ undergoes a series of decays according to the following 

scheme: 

 
The mass number and atomic number of A are 190 and 75 respectively. What are 

these numbers for A4?  

Ans: 

 
So, the Mass number of A4 → 69 

and Atomic number of A4 → 172 

 

 

 

 



 

 

3 MARKS QUESTIONS: 

       Q1. Define Nuclear forces and gives their important characteristics/properties. 

                 

      Ans. The nucleus of an atom has a number of protons and neutrons (nucleons) which are held 

together by the forces known as Nuclear forces. 

Characteristics/Properties of nuclear forces: 

1. Nuclear forces are strongest forces in nature. 

2. Nuclear forces are short range forces. 

3. Nuclear forces are basically strong attractive forces. 

4. Nuclear forces are saturated forces. 

5. Nuclear forces are charge independent 

6. Nuclear forces are spin- dependent 

7. Nuclear forces are exchange forces 

Q2 .Define atomic mass unit (a.m.u.) and calculate its value in SI unit of mass. Also find energy 

equivalent in MeV corresponding to it.                                                                

Ans. Atomic mass unit is defined as 
1

12
th of mass of one 𝐶6

12  atom. 

According to Avogadro’s hypothesis number of atoms in 12 g of 𝐶6
12  is equal to Avogadro 

number. i.e 6.023x1023 . 

Therefore the mass of one carbon atom 𝐶6
12 = 

12

6.023𝑥1023
= 1.99 x10-23g = 1.99 x10-26kg 

Or, 1a.m.u. = 
1

12
x1.99 x10-26=1.665x10-27kg 

Energy equivalent of 1 a.m.u , 

∆m = 1 a.m.u  = 1.665x10-27kg 

 

E = ∆m C2J  =  1.665x10-27 x ( 3x108 )2 / 1.6 x 10-13 MeV = 931.5 MeV 

Q3. When a slow neutron is captured by a U 235nucleus, a fission results in the release of 200 MeV 

energy. If the output of nuclear reactor is 1.6 MW then find the number of fission per second of 

the nuclei.                                                                                                       

Ans:    Output power = 1.6MW = 1.6x106  J/s 
      Energy released/fission = 200MeV 
= 200 ×1.6 x 10 -13 J 
  No. of fission required/sec = 1.6 x106 / 200 x 1.6 x 10 -13 

=  5 x10 16  

Q.4 Neon -23 decays in the following way 23Ne10  ---------------23Ne10 + 0e-1 +γ Find the minimum 

and maximum kinetic energy that the β-particle can have. 

The atomic masses of 23Ne10 and 23Ne10 are 22.99454 and 22.98984 respectively. 

Ans.      Mass defect Δm= (22.9945-22.9898) =0.00474 Energy Q= (0.00474) (931.5) 

    =4.4MeV 

       Hence the energy of beta particle can range from 0 to 4.4MeV 



Q 5. Neon -23 decays in the following way 23Ne10 ---------------23Ne10 + 0e-1 +γ Find the minimum 

and maximum kinetic energy that the β-particle can have. 

The atomic masses of 23Ne10 and 23Ne10 are 22.99454 and 22.98984 respectively. 

Ans.      Mass defect Δm= (22.9945-22.9898) =0.00474 Energy Q= (0.00474) (931.5) =4.4MeV 

 

                    Hence the energy of beta particle can range from 0 to 4.4MeV 

         It will be 2×1017 kg/m3 . This is about 2×1014 times the density of water. 
 

Q 6. Define atomic mass unit (a.m.u.) and calculate its value in SI unit of mass. Also find energy 

equivalent in MeV corresponding to it.   

                                                             

     Ans. Atomic mass unit is defined as 
1

12
th of mass of one 𝐶6

12  atom. 

 According to Avogadro’s hypothesis number of atoms in 12 g of 𝐶6
12  is equal to Avogadro       

number. i.e 6.023x1023  

Therefore the mass of one carbon atom 𝐶6
12 = 

12

6.023𝑥1023
= 1.99 x10-23g = 1.99 x10-26kg 

Or, 1a.m.u. = 
1

12
x1.99 x10-26=1.665x10-27kg 

Energy equivalent of 1 a.m.u , 

 

∆m = 1 a.m.u  = 1.665x10-27kg 

 

        E = ∆m C2 J  =  1.665x10-27 x ( 3x108 )2 / 1.6 x 10-13 MeV = 931.5 MeV 

 

 

 

 



ADDITIONAL QUESTION (1 MARK QUESTIONS): 

1 Why neutrons are considered as ideal particle for nuclear reactions? 

Answer. They are neutral in nature and get absorbed by nucleus, thus distributing the neutron proton 

ratio. 
2 Two nuclei have mass numbers in the ratio 1:8.What is the ratio of their nuclear radii? 

Answer.  Since R= R0A
1/3 ,therefore R1/R2=A1

1/3 /A2
1/3=(1/8)1/3 =1/2 

          R1: R2=1:2 
3 Two nuclei have mass number in the ratio 1 : 3. What is the ratio of their nuclear densities?  

Answer: 
Since nuclear density is independent of the mass number, the ratio of nuclear densities will be 1:1. 

4 Two nuclei have mass numbers in the ratio 1: 8. What is the ratio of their nuclear radii?  
Answer: 

 
5 State the characteristic properties of nuclear force.  

Answer: 
(i) Nuclear forces are the strongest force in nature. 
(ii) They are saturated forces. 
(iii) They are charge independent. 

6 Two nuclei have mass numbers in the ratio 8:125. What is the ratio of their nuclear radii?  
Answer: 

 
7 Two nuclei have mass numbers in the ratio 27:125. What is the ratio of their nuclear radii? 

Answer: 

 
8 How is the radius of a nucleus related to its mass number A?  

Answer: 

 
9 Why is it found experimentally difficult to detect neutrinos in nuclear P-decay 

Answer: 
It is found experimentally difficult to detect neutrinos in nuclear P-decay, because of two reasons : 
(i) mass of neutrino is extremely small; 
(ii) its charge is negligibly small. 
Also, neutrinos interact very weakly with matter. 

10 A radioactive nucleus ‘A’ undergoes a series of decays according to the following scheme: 

 
The mass number and atomic number of A are 190 and 75 respectively. What are these numbers 
for A4?  
Answer: 



 
So, the Mass number of A4 → 69 
and Atomic number of A4 → 172 

11 A radioactive nucleus ‘A’ undergoes a series of decays according to the following scheme: 

 
The mass number and atomic number of A are 180 and 72 respectively. What are these numbers 
for A4? 
Answer: 
The series can be shown as below: 

 
So, the Mass number of A4 is 182 
and Atomic number of A4 is 72 

12 Complete the following nuclear reactions: 

 

 
 
Answer: 

 
13 Assuming the nuclei to be spherical in shape, how does the surface area of a nucleus of mass 

number A1 compare with that of a nucleus of mass number A2 ?    
Answer. 

 
14 Out of the two characteristics, the mass number A and the atomic number Z of a nucleus, which one 

does not change during nuclear decay?  
Answer:     Mass number 
        

 



 

NUMERICALS: 

1. Suppose, we think of fission of a  nucleus into two equal fragments, . IS the 

fission energetically possible? Argue by working out Q of the process. 

Given,  = 55.93494 u 

and  = 27.98191 u. 

Ans: 

The fission of Fe56 into two fragments of 

 

As the Q-value is negative, the fission is not possible energetically. 

2. If a nucleus 26Fe56 splits into two nuclei of 13 Al28, would the energy be released or 

needed for this purpose to occur? Given m (26 Fe56) = 55.934944&m (13 Al28) = 27.98191, 

1u = 931MeV/c2 

Calculate the energy in MeV. 

     Ans: m (26 Fe56) + Q                             2 (13 Al28) 

Δm = 2 x (27.98191) u - 55.934944 u 

 = 0.02888 u 

          Energy released, = 0.02888 x 931MeV = 26.88728 MeV 

      3 .Which is easier to remove; orbital electron from an atom or a nucleon from a nucleus?  

Ans.   It is easier to remove an orbital electron from an atom. The reason is the binding energy 
of orbital electron is a few electron-volts while that of nucleon  

in a nucleus is quite large (nearly 8 MeV). This means that the removal of an orbital electron 
requires few electron volts energy while the removal of a nucleon from a nucleus requires 
nearly=8MeVenergy 
 

4. Obtain approximately the ratio of the nuclear radii of the gold isotope  and the silver 

isotope . 
Ans: 



We know the radius of nucleus depend upon mass number ‘A’ 

 

5. A nucleus at rest splits up into two parts with velocity ratio 2:1. Calculate the ratio of their 

radii of the two nuclear fragments. 

    Ans. We have initial momentum of the nucleus = 0 

              Final momentum =0 

              M1v1  + m2v2 =0                            [ v1 /v2 = 2:1] 

              Numerically m1/m2 =v2/v1 =1/2                                       

                       M2 =2m 

                   Also, nuclear radius     R=R0A1/3 

                                      R1/R2 = A1
1/3/A2

1/3 = m1
1/3/m2

1/3= (1/2)1/3 = 1:21/3. 

6. Two nuclei have mass numbers in the ratio 1:8. What is the ratio of their nuclear radii? 

Ans.  Since R= R0A1/3, 

 therefore R1/R2=A1
1/3 /A2

1/3 

= (1/8)1/3 =1/2 

     R1: R2=1:2 

7. A nucleus ZXA splits into two protons Z1YA1 and Z2YA2.What will be the separation between them 

at the instant of split? 

Ans.    Separation at the time of split = Sum of their nuclear radii  

i.e. r = r1 + r2 

= r0A1
1/3+  r0A2

1/3  

= r0 [A1
1/3+ A2

1/3 ]. 

8.  If a nucleus 26Fe56 splits into two nuclei of 13 Al28, would the energy be released or needed for 

this purpose to occur? Given m (26 Fe56) = 55.934944&m (13 Al28 ) = 27.98191,  1u = 

931MeV/c2 

Calculate the energy in MeV. 

 Ans: m (26 Fe56) + Q                      2 (13 Al28 ) 



Δm = 2 x (27.98191) u - 55.934944 u 

 = 0.02888 u 

Energy released, = 0.02888 x 931MeV = 26.88728 MeV 

9. Obtain the binding energy of a nitrogen nucleus from the following data 

 mp=1.007834; mn=1.00867; mN=14.03074, Give your answer in MeV. 

     Ans:             

              Δm = (7x1.00783+7x1.00867-14.003074) U 

                  Calculate ΔEb= Δmx931.5 MeV 

10. A neutron is absorbed by a 6Li3 nucleus with the subsequent emission of an alpha particle. 

     i) Write the corresponding nuclear reactions. 

     ii) Calculate the energy released in MeV, in this reaction. 

     Given mass 6Li3= 6.0151264; mass (neutron) =     1.00966544 

Mass (alpha particle) =4.00260444 and mass(triton)=3.01000004 

Ans.) i) 6Li3 +1n0 ----------→3H1 + 4He2 +Q (energy) 

            ii) Q=Δmx931 MeV 

Where Δm =  (6.01512+1.0086654-4.0026044-3.0100000) 931 Mev 

 

 

 

 

 

 

 

 

 

 



1 CASE STUDY: Nuclear fission: Binding energy per nucleon is smaller for 
heavier nuclei than the middle ones i.e. heavier nuclei are less stable. When a 
heavier nucleus splits into the lighter nuclei, the B.E./nucleon changes (increases) 
from about 7.6 MeV to 8.4 MeV. Greater binding energy of the product nuclei 
results in the liberation of energy 
 
(i). Nuclear chain reaction is example of 
  (a) Nuclear fission                                                 (b)Nuclear fusion                    
  (c)Nuclear fission &Nuclear fusion    both             (d) none 
 
(ii)During a  nuclear fission  
  (a)  heavier nucleus splits into the lighter nuclei     
  (b)two light nuclei combine to form a heavier nucleus      
  (c)  splits  & combine                       
  (d) None 
 
(iii). Which nuclei is less stable. 
(a) Z = 56     (b)  Z = 66 (c)   Z =  54          (d)  Z = 92   
 
Q ( iv). Which  nuclei is  most  stable( B.E/ nucleon ) 
 (a) 2.3 Mev    (b) 8.6 Mev    (c)   4.3 Mev    (d)  6.3 Mev 
 

4 

2 What is the ratio of radii of two nuclei of mass numbers A1 and A2 ?     
                                                       or                                                                                
What is order of nuclear radius? Nuclear density? 

2 

3 If the radius of a nucleus of mass number 27 is about 3×10 -15 m then the radius of nucleus  
with atomic mass number 125 is ……..m 
                                                 Or 
If the radius of nucleus is 3.3fm,then the atomic mass number of its atom is… unit 

2 

4 Define Nuclear forces and gives their important characteristics/properties 3 

5 Define atomic mass unit (a.m.u.) and calculate its value in SI unit of mass. Also 

find energy equivalent in MeV corresponding to it 

3 

6 
A nucleus undergoes β− decay and becomes . Calculate the maximum 

kinetic energy of electrons emitted assuming that the daughter nucleus and anti − 

neutrino carry negligible kinetic energy.      

     

 
 

3 

7 i)Distinguish between nuclear fission and fusion. Show how in both these 
processes energy is released. 

3 

 

PRACTICE PAPER 
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ii)Calculate the energy release in MeV in the deuterium-tritium fusion reaction : 
 

 
 

        



CHAPTER 14 

SEMICONDUCTOR DEVICES 

GIST OF LESSON: 

ENERGY BANDS OF SOLIDS: 

(i) In solids, the group of closely lying energy levels is known as energy band. 

(ii) In solids the atoms are arranged very close to each other. In these atoms there are discrete energy levels 

of electrons. For the formation of crystal these atoms come close together, then due to nucleus-nucleus, 

electron-electron and electron-nucleus interactions the discrete energy levels of atom distort and 

consequently each energy level spits into a large number of closely lying energy levels.  

(iii) The number of split energy levels is proportional to the number of atoms interacting with each other. If 

two atoms interact then each energy level splits into two out of which one will be somewhat above and 

another will be somewhat below the main energy level. In solids the number of atoms is very large ( 

1023). Hence each energy level splits into large number of closely lying energy levels. Being very close to 

each other these energy levels assume the shape of a band. 

(iv) In an energy band there are 1023 energy levels with energy difference of 10–23 eV. 

VARIOUS TYPES OF SOLIDS: 

(i) On the basis of band structure of crystals, solids are divided in three categories. 

 (a)  Conductors  (b)  Semi-conductors  (c)  Insulators. 

(ii) Difference between Conductors, Semi-conductors and Insulators 

S.No. Property Conductors Semi-conductors Insulators 

1. Electrical 

conductivity and its 

value 

Very high 

10–7 mho/m 

Between those of 

conductors and 

insulators 

i.e. 10–7 mho/m to 

10–13 mho/m 

Negligible 10–13 

mho/m 

2. Resistivity and its 

value 
Negligible Less than 10–5 -m Between those of 

conductors and 

insulators i.e. 10–5 

-m to 105 -m 

Very high more than 

105 -m 



3. Band structure 
C. B.

V. B.

gE 0

O
v
e

rla
p

p
in

g

(a)

C. B.

V. B.
gE

Completely filled 

valence band

No 

over-

lapping

 

C. B.

V. B.

gE less

Completely 

filled valence 

band  

C. B.

V. B.

maximum

Completely 

filled valence 

band

Completely 

unoccupied

gE

 

4. Energy gap and its 

value 

Zero or very small More that in con-

ductors but less than 

that in insu-lators 

e.g. in Ge, Eg 

=0.72 eV is Si, Eg 

=1.1 eV in Ga As 

Eg =1.3 eV 

Very large e.g. in 

diamond Eg = 7 eV 

5. Current carriers and 

current flow 

Due to free electrons and very 

high 

Due to free electrons 

and holes more than 

that in insulators 

Due to free electrons 

but negligible. 

6. Number of current 

carriers (electrons 

or holes) at 

ordinary 

temperature 

Very high  very low negligible 

7. Condition of 

valence band and 

conduction band at 

ordinary 

temperature 

The valence and conduction 

bands are completely filled or 

conduction band is some what 

empty (e.g. in Na) 

Valence band in 

somewhat empty 

and conduction band 

is somewhat filled 

Valence band is 

completely filled and 

conduction band is 

completely empty. 

8. Behaviour at 0 K Behaves like a superconductor. Behaves like an 

insulator 

Behaves like an 

insulator 

9. Temperature 

coefficient of 

resistance () 

Positive Negative Negative 

10. Effects of 

temperature on 

conductivity  

Conductivity decreases Conductivity 

increases 

Conductivity 

increases 

11. On increasing 

temperature the 

number of current 

carriers 

Decreases Increases Increases 

 

TYPES OF SEMICONDUCTORS AND DIFFERENCE BETWEEN THEM: 

The semiconductors are of two types. 

(a) Intrinsic or pure semiconductors 

(b) Extrinsic or dopes semiconductors 



          Intrinsic Semiconductors: 

1. In an intrinsic semiconductor,   
ihe nnn ==  

2. At thermal equilibrium in any semiconductor, 

               2

ihe nnn =  

3. Minimum energy required to create a hole-electron pair, 

                 
max

min


hc
hvEg ==  

4. Mobility of a charge carrier,  
E


 =  

5. Electric current,    )( hhee nneAI  +=  

6. Electrical conductivity, 

   ( )hhee nne 


 +==
1

 

7. Variation of conductivity with temperature, 

              







−=

Tk

E

B

g

o
2

exp  

Properties of intrinsic semiconductors:  

(a) At absolute zero temperature (0 K) there are no free electrons in them. 

(b) At room temperature, the electron-hole pair in sufficient number are produced. 

(c) Electric conduction takes place via both electrons and holes. 

(d) The drift velocities of electrons and holes are different. 

(e) The drift velocity of electrons (Vdn) is greater than that of holes (Vdp). 

(f) The total current is n pI = I + I  

(g) In connecting wires the current flows only via electrons. 

(h) The current density is given by  

 nq dn pq dpJ V V= +  

 
n pnq pqJ E E E

m m
= + = s  



Where Vdn = 

n =  

Vdp = 

p = 

drift velocity of electrons 

mobility of electrons 

drift velocity of holes 

mobility of holes 

(i) The electric conductivity is given by n pnq( )s = m + m  

(j) Mobility of electron 
n dnV /Em =  

(k) Mobility of holes p dpV /Em =  

(l) At room temperature 
Ge Sis > s because 

Ge Sin n>  

 where  13 3 10 3

Ge Sin 2.5 10 /cm and n 1.4 10 /cm= ´ = ´  

Extrinsic semiconductors: 

(a) Doping: The process of mixing impurities of other elements in pure semiconductors is known as 

doping. 

(b) Extrinsic semiconductors: the semiconductors, in which trivalent and pentavalent elements are 

mixed as impurities, are known as extrinsic semiconductors. 

(c) The extrinsic semiconductors are of two types 

 (i) N-type semiconductors (ii) P-type semiconductors. 

(d) Difference between N-type and P-type semiconductors 

S.No. N-type semiconductors P-type semiconductors 

1. In these the impurity of some pentavalent 

element like P, As, Sb, Bi, etc. is mixed 

In these, the impurity of some trivalent 

element like b, Al, In, Ga etc. is mixed 

2. 

Bi

Si

Si Si

Si

e
–

e
–

e
–

e
–

e
–

e
–

e
–

e
–

Penta valent 

impurity atom

Free electron

B

Si

Si Si

Si

Trivalent 

Impurity atom

 
3. In these the impurity atom donates one 

electrons, hence these are known as donor 

type semiconductors 

In these, the impurity atom can accept 

one electron, hence these are known as 

acceptor type semiconductors. 

4. In these the electrons are majority current 

carriers and holes are minority current 

carriers. (i.e. the electron density is more 

than hole density nn >> np) 

In these the holes are majority current 

carriers and electrons are minority 

current carriers i.e. np >> nn  



5. In these there is majority of negative 

particles (electrons) and hence are known 

as N-type semiconductors 

C. B.

V. B.

Electrons

 

In these there is majority of positive 

particles (cotters) and hence are known 

as P-type semiconductors. 

C. B.

V. B.

Holes

Electrons

 
6. In these the donor energy level is close to 

the conduction band and far away from 

valence band. 

V. B.

C. B.
Ec

Ed

Ev

E
n

e
rg

y

 

In these the acceptor energy level is 

close to the valence band and far away 

from conduction band. 

V. B.

C. B.
Ec

Ed

Ev

E
n

e
rg

y

 
7. Current density Jn = nq Vdn Jp = pq Vdp 

8. Electric conductivity  

n = nqn  

  nd qn  

Where nd = number of donor atoms / cm3. 

p = nqp 

  np qp 

Where np = number of acceptor atoms / 

cm3.  

9. The Fermi energy level lies close to 

conduction band (i.e. the Fermi energy 

level lies in between the donor energy 

level and conduction band) 

The Fermi energy level lies close to the 

valence band (i.e. the Fermi energy level 

lies in between the acceptor energy level 

and valence band) 

 

SEMICONDUCTOR DIODE OR P-N JUNCTION, CONDUCTION IN P-N JUNCTION, DEPLETION LAYER AND 

BARRIER ENERGY: 

P-N Junction : 

(a) The device formed by joining 

atomically a wafer of P-type 

semiconductor to the wafer of N-

type semiconductor is known as 

P-N junction. 

 

Junction

P N

 

(b) There are three processes of making junctions 

(i) Diffusion (ii) Alloying (iii) Growth 



In majority of cases P-N junction is formed by diffusion process. The impurity concentration is 

maximum at surface and decreases gradually inside the semiconductor. 

(c) Conduction of current in P-N Junction: 

Junction

P N

– – –

––

–
– –

+ +

+

+++

++

Negative or acceptor 

impurity ions

Positive or donor 
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Free 
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P N

–

–

–

+

+

+

Depletion layer

Acceptor ions

P N

–

–

–

+

+

+

EB

– +

 

(i) In P-N junction the majority cotters in P-region and majority electrons in N-region start diffusing 

due to concentration gradient and thermal disturbance towards N-region and P-region 

respectively and combine respectively with electrons and cotters and become neutral. 

(ii) In this process of neutralization there occurs deficiency of free current carriers near the 

junction and layers of positive ions in N-region and negative ions in P-region are formed. These 

ions are immobile. Due to this an imaginary battery or internal electric field is formed at the 

junction which is directed from N to P. 

(iii) Depletion layer: 

(a) The region on both sides of P-N junction in which there is deficiency of free current carriers, is 

known as the depletion layer.  

(b) Its thickness is of the order of 1m (= 10–6) 

(c) On two sides of it, there are ions of opposite nature. i.e. donor ion (+ve) on N-side and acceptor 

ions (–ve) on P-side. 
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(d) This stops the free current carriers to crossover the junction and consequently a potential 

barrier is formed at the junction. 

(e) The potential difference between the ends of this layer is defined as the contact potential or 

potential barrier (VB).  

(f) The value of VB is from 0.1 to 0.7 volt which depends on the temperature of the junction. It also 

depends on the nature of semiconductor and the doping concentration. For germanium and 

silicon its values are 0.3 V and 0.7 V respectively.  

(g) P-N Junction diode or semiconductor diode: 

(i) Symbolic representation of diode: 

NP
 

(ii) The direction of current flow is represented by the arrow head. 

(iii) In equilibrium state current does not flow in the junction diode. 

(iv) In can be presumed to be equivalent to a condenser in which the depletion layer acts as a 

dielectric. 
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(v) Potential distance curve at P-N Junction 

Potential

Distance

Junction 

plane

P

N

 



(vi) Charge density curve at P-N Junction  

Charge density

Distance

Junction plane

P

N

–

+

 

(vii) Curve between electric field and distance near P-N junction 

Electric field 

intensity

Distance

Junction plane
 

 

 

Difference between forward bias and reverse bias: 

S.No. Forward bias Reverse bias 

1. The P-region of junction diode is connected to 

positive terminal of battery and N-region is 

connected to negative terminal of battery. 

P N

+ – (a)

+ –

A

R

 

The P-region is connected to negative terminal 

and N-region is connected to positive terminal 

of the battery. 

P N

+– (a)

+–

A

R
V

 
 



CHARACTERISTICS OF JUNCTION DIODE: 

(i) The characteristic curves of junction diode are of two types  

(a) Forward characteristic curve 

(b) Reverse characteristic curve 

Forward characteristics: 

(a) In the absence of load resistance, the curves drawn between the forward voltage (Vf) and 

forward current (f) are known as the static forward characteristics of junction diode. 

(b)  

I f

Vf

(in mA)

 

(c) On increasing the Vf the value of f increases exponentially  

(d) Circuit diagram: 
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–
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I f
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Reverse characteristics: 

(a) In the absence of load resistance, the curves drawn between the reverse voltage (Vr) and 

reverse current (r) are known as the static reverse characteristics of junctions diode. 

 

 

 



(b) 

Ir

Vr

s 0

A

(in mA)

Break 

down 

point

Vz

Zemer voltage
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(c) 

+

–

+

–
Vr
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P

N

 

(d) After the breakdown point at B, the reverse current (r) does not depend on the reverse voltage 

(Vr) in the BC portion of curve. 

VARIOUS TYPES OF P-N JUNCTIONS: 

S.No. P-N Device Biasing Principle Uses Explanation 

1. Light 

Emitting 

Diode 

(LED) 

Forward Production of 

light from 

electric 

current 

Burglar alarms, 

calculators, pilot 

lamps, 

telephone, 

digital watch and 

in switch boards 

In Ga, As, Electromagnetic radiations are 

emitted on account of transitions of 

electron from conduction band to valance 

band. 

P N

 
2. Photodiode Reverse Electric 

conduction 

from light 

In sound films, 

computers, tape, 

in reading 

computer cards 

and in light 

driven switches. 

The covalent bonds in semiconductors 

break due to electromagnetic radiations 

and more electrons become free and 

conductivity increases. 

P N

 



3. Solar cell No 

biasing 

Production of 

potential 

difference by 

sun light 

For generating 

electrical energy 

in cooking food 

etc. 

Due to nuclear fusion process sun is 

constantly emitting light and heat energy. 

The upper surface of P-N junction is thin 

in this diode. 

S

 
 

SEMICONDUCTOR DIODE AS RECTIFIER:  

(i) Rectification: The process in which an alternating current is converted into direct current, is 

defined as rectification. 

(ii) Rectifier: The device employing diode, used to convert an alternating current into direct 

current, is known as rectifier. 

(iii) The rectifiers are of two types: 

  (a) Half wave rectifier (b) Full wave rectifier 

Half wave rectifier: The rectifier, in which only alternate half cycles of applied alternating signal are 

converted into direct current, is known as half wave rectifier. 

Full wave rectifier: The rectifier is which the whole cycle of applied alternating signal is converted into 

direct current, is known as full wave rectifier. 

(iv) Difference between half wave rectifier and full wave rectifier 

No. Half-Wave Rectifier Full Wave Rectifier centre 

taped 

Full wave Bridge Rectifier 

1. 

E0Ein RL

D1

P N

 

Ein

P S

E0

RL

P1

P2

N1

D1

D2

N2

A

– +

 

P

RL

A

D1 D2

B

D4 D3

E0
AC 

mains 

220 V 

50 Hz

 
2. In this, one diode or one 

semiconductor diode is used 

In this, two diodes or one 

double diode or two junction 

diodes are used 

In this four junction diodes 

from the bridge circuit. 

3. Ordinary transformer is used Centre tap transformer is used Transformer is not required 

4. It converts half cycle of 

applied A.C. signal into D.C. 

signal 

It converts the whole cycle of 

applied A.C. signal into D.C. 

signal  

It converts the whole cycle of 

applied A.C. signal into D.C. 

signal 

5. Input and output curves 

+ +

++

– – wt or t

wt

Ein

E0

 

Input and output curves 

+ +

D1

– – wt

wt

Ein

E0

D2 D3 D4

 

Input and output curves 

+ +

– – wt

wt

Ein

E0

 
 



 

CASE STUDY BASED QUESTIONS:  
   

1. ELECTRONIC DEVICES: When the diode is forward biased, it is found that beyond forward voltage V = Vk, called knee 
voltage, the conductivity is very high. At this value of battery biasing for p-n junction, the potential barrier is 
overcome and the current increases rapidly with increase in forward voltage. When the diode is reverse biased, the 
reverse bias voltage produces a very small current about a few microamperes which almost remains constant with 
bias. This small current is reverse saturation current. 
(i) In which of the following figures, the p-n diode is forward biased. 

    

(ii) Based on the V-I characteristics of the diode, we can classify diode as 

(a) bi-directional device (b) ohmic device 
(c) non-ohmic device (d) passive element 

(iii) The V-I characteristic of a diode is shown in the figure. The ratio of forward to reverse bias resistance is 

 

(a) 100 (b) 106 (c) 10 (d) 10-6 

(iv) In the case of forward biasing of a p-n junction diode, which one of the following figures correctly depicts the 
direction of conventional current (indicated by an arrow mark)? 

  

  

(v) If an ideal junction diode is connected as shown, then the value of the current I is 

 

(a) 0.013 A (b) 0.02 A (c) 0.01 A (d) 0.1 A 
 



 

2.PHOTODIODE: A photodiode is an optoelectronic device in which current carriers are generated by photons 
through photo excitation i.e., photo conduction by light. It is a p-ri junction fabricated from a photosensitive 
semiconductor and provided with a transparent window so as allow light to fall on its function. A photodiode 
can turn its current ON and OFF in nanoseconds. So, it can be used as a fastest photo-detector. 

                                  
 
(i) A p-n photodiode is fabricated from a semiconductor with a band gap of 2.5 eV. It can detect a 

signal of wavelength 

(a)  4000 nm                                         (b)  6000 nm                                  (c)  4000 A                             (d)  6000 A 
 
(ii) Three photo diodes Dp D2 and D3 are made of semiconductors having band gap of 2.5 eV, 2 eV 

and 3 eV, respectively. Which one will be able to detect light of wavelength 6000 A? 

(a) D1                                            (b)  D2                                           (c)  D3                                        (d)  D1 and 

D2 both 

(iii) Photodiode is a device 

(a) which is always operated in reverse bias 

(b) which of always operated in forward bias 

(c) in which photo current is independent of intensity of incident radiation 

(d) which may be operated in forward or reverse bias. 
 
(iv) To detect light of wavelength 500 nm, the photodiode must be fabricated from a semiconductor 

of minimun1 bandwidth of 

(a)   1.24 eV                           (b) 0.62 eV                         (c)  2.48 eV                       (d)  3.2 eV 
 
(v) Photodiode can be used as a photodetector to detect 

        (a). optical signals (b) electrical signals (c) both (a) and (b) (d) none of these 

 

3.SOLAR CELL: 

Solar cell is a p-n junction diode which converts solar energy into electric energy. It is basically a solar energy 
converter. The upper layer of solar cell is of p-type semiconductor and very thin so that the incident light 
photons may easily reach the p –n junction. On the top face of p-layer, the metal finger electrodes are 
prepared in order to have enough spacing between the fingers for the lights to reach the p-n junction 
through p-layer. 

 
(i) The schematic symbol of solar cell is 

 

 
 

 



(ii) The p -n junction which generates an emf when solar radiations fall on it, with no external bias applied, 

is a      (a)  light emitting diode (b)   photodiode  (c)solar cell          (d) None of these 

 
(iii)   For satellites the source of energy is 

a)       Solar cell                         (b) Fuel cell                                     (c)  Edison cell           (d) None of these 
 

(iv) Which of the following material is used in solar cell? 

(a) Barium                    (b) Silicon                     (c) Silver                                                  (d) Selenium 
 

(v) The efficiency of a solar cell may be in the range 
(a) 2 to 5 %                                        (b) 10 to 15%                             (c) 30 to 40%                                       (d) 70 to 80% 

 

4.p-n Junction: Consider a thin p-type silicon (p-Si) semiconductor wafer. By adding precisely, a small quantity of 

pentavalent impurity, part of the p-Si wafer can be converted into n-Si. There are several processes by which a 

semiconductor can be formed. The wafer now contains p-region and n-region and a metallurgical junction between 

p-, and n- region. Two important processes occur during the formation of a p-n junction: diffusion and drift. We know 

that in an n-type semiconductor, the concentration of electrons (number of electrons per unit volume) is more 

compared to the concentration of holes. Similarly, in a p-type semiconductor, the concentration of holes is more 

than the concentration of electrons. During the formation of p-n junction, and due to the concentration gradient 

across p-, and n- sides, holes diffuse from p-side to n-side (p → n) and electrons diffuse from n-side to p-side (n → 

p). This motion of charge carries gives rise to diffusion current across the junction.   

(i). How can a p-type semiconductor be converted into n- type semiconductor?  

a) adding pentavalent impurity           b) adding trivalent impurity               c) not possible                   d) heavy doping  

(ii). Which of the following is true about n type semiconductor?    

a) concentration of electrons is less than that of holes.  

  b) concentration of electrons is more than that of holes.  

c) concentration of electrons equal to that of holes.    

   d)None of these   

(iii). Which of the following is true about p type semiconductor? 

  a) concentration of electrons is less than that of holes.  

b) concentration of electrons is more than that of holes. 

  c)concentration of electrons equal to that of holes.  

d)None of these  

(iv). Which of the following is the reason about diffusion current?  

a) diffusion of holes from p to n                                                   b) diffusion of electrons from n to p                                               

c)   both (a) and (b)                                                                          d) None of these  

 



V. What are the processes that occur during formation of a p-n junction?  

a) drift                            b) diffusion                      c) both (a) and (b)                    d)None of these  

 

5.Solar Cell:A solar cell is basically a p-n junction which generates emf when solar radiation falls on the p-n 

junction. It works on the same principle (photovoltaic effect) as the photodiode, except that no external bias 

is applied and the junction area is kept much larger for solar radiation to be incident because we are 

interested in more power.  

A p-Si wafer of about 300 µm is taken over which a thin layer (~0.3 µm) of n-Si is grown on one-side by diffusion 

process. The other side of p-Si is coated with a metal (back contact). On the top of n-Si layer, metal finger electrode 

(or metallic grid) is deposited. This acts as a front contact. The metallic grid occupies only a very small fraction of the 

cell area (<15%) so that light can be incident on the cell from the top. The generation of emf by a solar cell, when 

light falls on, it is due to the following three basic processes: generation, separation and collection— (i) generation 

of e-h pairs due to light (with hν > E).  

  

(i). Working principle of solar cell is same as:  

a) Photodiode  

b) Zener diode  

c) LED  

d) Half wave rectifier 

  

 (ii).Which type of external biasing is applied in Solar cell?  

a) Forward  

b) Reverse  

c) both (a) and (b)  

d) No  external biasing is applied  

(iii). Which of the following is true for a solar cell?  

a) hv < E  

b) hv>E  

c) E = hv  

d) None of these  

(iv)In a solar cell,  

a) Junction area is large  

b) Junction area is small  

c) Junction area is negligible  

d) None of these  



 

6.Light emitting diode: It is a heavily doped p-n junction which under forward bias emits spontaneous radiation. The 

diode is encapsulated with a transparent cover so that emitted light can come out. When the diode is forward biased, 

electrons are sent from n → p (where they are minority carriers) and holes are sent from p → n (where they are 

minority carriers). At the junction boundary the concentration of minority carriers increases compared to the 

equilibrium concentration (i.e., when there is no bias). Thus at the junction boundary on either side of the junction, 

excess minority carriers are there which recombine with majority carriers near the junction. On recombination, the 

energy is released in the form of photons. Photons with energy equal to or slightly less than the band gap are emitted. 

When the forward current of the diode is small, the intensity of light emitted is small. As the forward current 

increases, intensity of light increases and reaches a maximum. Further increase in the forward current results in 

decrease of light intensity.  

(i). Which special purpose diode is mentioned above?  

a) Solar cell  

b)LED  

c) Photodiode  

d) Zener Diode  

 (ii). Which of the following device is forward biased?  

a) Solar cell  

b)LED  

c) Photodiode  

d) Zener Diode  

 (iii) Energy is released in the form of  

a) Electron  

b) Proton  

c) Photon  

d) None of these  

 (iv). Which of the following is false?  

a) As forward current increases, intensity of light increases.  

b) Increase in further forward current decreases the intensity of light.  

c) Photons with energy greater than band gap is emitted.  

d) Photons with energy less than band gap is emitted.  

 (v). What happens at the junction?  

a) Excess minority carriers recombine with majority carriers.  

b) Excess majority carriers recombine with majority carriers.  

c)Excess minority carriers recombine with majority minority carriers.  

d) None of these  



7.Photodiode: A Photodiode is again a special purpose p-n junction diode fabricated with a transparent window to 
allow light to fall on the diode. It is operated under reverse bias. When the photodiode is illuminated with light 
(photons) with energy (hν) greater than the energy gap (E) of the semiconductor, then electron-hole pairs are 
generated due to the absorption of photons. The diode is fabricated such that the generation of e-h pairs takes place 
in or near the depletion region of the diode. Due to electric field of the junction, electrons and holes are separated 
before they recombine. The direction of the electric field is such that electrons reach n-side and holes reach p-side. 
Electrons are collected on n-side and holes are collected on p-side giving rise to an emf. When an external load is 
connected, current flows. The magnitude of the photocurrent depends on the intensity of incident light.  
  

(i). Photo Diode is  

a) forward biased  

b) reverse biased  

c) Not biased  

(ii). Which of the following is true about photodiode?  

          a) E > hv  

b) E = hv  

c) E < hv  

d) None of these  

(iii). Magnitude of photocurrent depends on  

     a) Intensity of light 

b) Biasing  

c) Potential  

d) None of these  

(iv). Electrons and holes are separated before they recombine by:  

a) Diffusion current  

b) Drift current  

c) Electric field  

d) Electric potential  

(v). Direction of electric field is such that  

a) electrons reach n- side  

b) holes reach p- side  

c) Both (a) and (b)  

d) holes reach n side  

 

8 SEMICONDUCTOR:  
 
A pure semiconductor germanium or silicon, free of every impurity is called intrinsic semiconductor. At room 
temperature, a pure semiconductor has very small number of current carriers (electrons and holes) .Hence its 
conductivity is low.  



When the impurity atoms of valance five or three are doped in a pure semiconductor, we get respectively n- type 
or p- type extrinsic semiconductor. In case of doped semiconductor ne nh=ni2. Where ne and nh are the number 
density of electron and hole charge carriers in a pure semiconductor. The conductivity of extrinsic semiconductor 
is much higher than that of intrinsic semiconductor.  
Answer the following questions:  
(i). Which of the following statements is not true?  

a. The resistance of intrinsic semiconductor decreases with increase of temperature.  
b. Doping pures Si with trivalent impurities gives p- type semiconductors.  
c. The majority charges in n- type semiconductors are holes.  
d. A p-n junction can act as semiconductor diode.  

 
(ii). The impurity atoms with which pure Si should be doped to make a p- type semiconductor is  

a. Phosphorus  

b. Boron  

c. Arsenic  

d. Antimony  
 
(iii). Holes are majority charge carriers in  

a. Intrinsic semiconductors.  

b. Ionic Solids  

c. p- type semiconductors  

d. Metals  
 
(iv). At absolute zero, Si acts as  

a. Non- metal  

b. Metal  

c. Insulator  

d. None of these  
 
 
9. p-n Junction Diode :  
 
p-n junction is a semiconductor diode. It is obtained by bringing p-type semiconductor in close contact with n- type 
semiconductor. A thin layer is developed at the p- n junction which is devoid of any charge carrier but has 
immobile ions. It is called depletion layer. At the junction a potential barrier appears, which does not allow the 
movement of majority charge carriers across the junction in the absence of any biasing of the junction. p-n 
junction offers low resistance when forward biased and high resistance when reverse biased.  
 
(i). In the middle of depletion layer of reverse biased p- n junction, the  

a. Electric field is zero  

b. Potential is zero  

c. Potential is maximum  

d. Electric field is maximum  
 
(ii). The energy band gap is maximum in  

a. Metals  

b. Superconductors  

c. Insulators  

d. Semiconductors  
 



(iii). The number of majority carriers crossing the junction of diode depends primarily on the  
a. Concentration of doping impurities  

b. Magnitude of potential barriers  

c. Magnitude of the forward bias voltage  

d. Rate of thermal generation of electron –hole pairs  
 
(iv). Hole is  

a. Antiparticle of electron  

b. A vacancy created when an electron leaves covalent bond  

c. Absence of free electrons  

d. An artificially created particle.  
 
10. Rectifiers:  
A semiconductor device is used as a rectifier that allows the voltage to flow in positive direction and very small 
value in the reverse direction. Now a days, there is a problem of supply of less voltage that damages the household 
appliances.  
 
(i). In the depletion region of a diode  

a. There are no mobile charges  

b. Equal number of holes and electrons exist, making the region neutral.  

c. Recombination of holes and electrons has taken place.  

d. Immobile charge ions exist.  
 
(ii).When a p-n junction diode is reverse biased then  

a. No Current flows  

b. The depletion reason is increased  

c. The depletion reason is reduced  

d. Height of potential barrier is reduced  
 
(iii). Diode is used as  

a. Oscillator  

b. Amplifier  

c. Rectifier  

d. Modulator  
 
(iv).Which one statement is incorrect?  

a. Diode is used as rectifier  

b. Diode is used as half wave rectifier  

c. Diode is used as Amplifier  

d. Diode is used as full wave rectifier  
 
 
 
 
 
 
 
 
 



 
ANSWERS(Case Study Questions): 

 ANS (i) ANS (ii) ANS (iii) ANS (iv) ANS (v) 

Q.NO. 1 c c d d c 

Q.NO. 2 c b a c a 

Q.NO. 3 a c a b b 

Q.NO. 4 a b a c c 

Q.NO. 5 a d b a ………… 

Q.NO. 6 b b c c a 

Q.NO. 7 b c a c c 

Q.NO. 8 c b c c …………. 

Q.NO. 9 c c d b …………. 

Q.NO. 10 d b c c …………. 

 
 



 

TWO MARK QUESTIONS: 

Q. 1 A potential barrier of 0.50 V exists across a P-N junction. If the depletion region is 5.0 × 10–7 m wide, find 

intensity of the electric field in this region. 

Ans: 1.0 × 106 V/m 

Q. 2 Calculate current in the circuit : 

Ans: 0.1 A 

Q. 3 What is the current through an ideal PN junction shown in the 

following circuit diagram ? 

Ans: 10 mA 

Q. 4 Two identical capacitors A and B are charged to the same potential V and are connected in two circuits 

at t = 0 as shown in figure. What will be the charge of the capacitors at a time t = CR  ? 

 

Ans: VC/e,  VC 

Q. 5 State the factors which control: 

(i) Wavelength of light and (ii) Intensity of light emitting by an LED 

Ans: (i) Nature of semiconductor used in LED (ii) Forward bias applied to LED. 

 

Q. 6    With the help of a diagram show the biasing of light emitting diode. Give two advantages over 

conventional incandescent Lamp. 

     Ans:      Mono chromatic, Consume less power, Very less reaction time 
 

Q. 7   A semiconductor has equal electron and hole concentrations of 6x108m-3.On doping   with a 

certain impurity, the electron concentration increases to 9x1012m-3. 

      Identify the new semiconductor obtained after doping.Calculate the new hole concentrations.  

     Ans: (i) n-type semiconductor. (ii) nenh =ni 2
  

  nh = 
6 𝑥 108𝑥 6 𝑥 108

9 𝑥 1012   = 4 𝑥 104 m-3 

 



Q. 8  Determine the current through resistance “R” in each circuit. Diodes D1 and D2 are identical and 

ideal. 

 
Ans: In circuit (i) Both D1 and D2 are forward biased hence both will conduct current and resistance of each 
diode is “0”.Therefore I = 3/15 = 0.2 A 
Diode D1 is forward bias and D2 is reverse bias, therefore resistance of diode D1 is “0” and resistance of D2 
is infinite. Hence D1 will conduct and D2 do not conduct. No current flows in the circuit. 
 

Q. 9.  Germanium and silicon junction diodes are connected in parallel. A resistance R, a 12 V battery, a 
milli ammeter (mA) and Key (K) is closed, a current began to flow in the circuit. What will be the 
maximum reading of voltmeter connected across the resistance R?  

 

Ans: The potential barrier of germanium junction diode is 0.3v and silicon is 0.7V, both are forward biased. 
Therefore for conduction the minimum potential difference across junction diode is 0.3V.Max.reading of 
voltmeter connected across R=12-0.3=11.7V. 

 

Q. 10. A germanium diode is preferred to a silicon one for rectifying small voltages. Explain why? 
Ans: Because the energy gap for Ge (Eg = 0.7 ev) is smaller than the energy gap for Si (Eg = 1.1eV) or 
barrier potential for Ge<Si. 

 
Q. 11. A photodiode is fabricated from a semiconductor with a band gap of 2.8eV.Can it detect a 

wavelength of 600nm? Justify. 
Ans: Energy corresponding to wavelength 600 nm is … 

              E=hc/ 𝛌=  6.6x10-34 X 3 X 108/600 X 10-9 X 1.6 X 10-19 = 0.2eV  

              It cannot detect because E<Eg 

  
  

THREE MARK QUESTIONS: 

Q. 1 Visible photons are known to have energies ranging (nearly) from 1.8eV to 2.8eV. Use the 

information to reason why silicon is not a suitable semiconductor for designing visible light 

LEDs? 

Ans: For Si, band gap (Eg) is 1.1 eV, which is less than 1.8 eV. Hence, it is not suitable for making 

LEDs emitting visible light. 



Q. 2  A Battery of e.m.f. applied across a block of semiconductor of length 0.1 m and the area of 

cross-section 1 x 10 -4 m 2. If the block is of intrinsic silicon at 300 k, find the magnitude of the 

total current? What will be the order of magnitude of  total current if germanium is used instead 

of silicon ? 

Given that for silicon at 300 k , electron mobility,µe=0.135m2v-1h-5 hole mobility(-µh) = 

0.048(m2v-1s-1), intrinsic carrier concentration, ni= 1.5 x 1016m-3. 

For germanium at 300k, electron mobility is 0.39 m2v-1s-1 hole mobility µh = 0.19m2v-1,intrinsic 

carrier concentration is 2.4 x 1019m-3. 

Ans:  For Silicon, 

  Total current I  =  ea(neve+nevn) 

     = ea(neEue +  neeUNe) 

     = ea(neue + neun)E  

     = eA(aeue+neue)v/i 

= 4.46x10-3A 

From above , we note that the current is germanium is about four orders of the total current in 

Silicon. 

Q. 3 A diode is connected to 220 V (rms) a.c. in series with a capacitor, as shown below. What is the 

voltage V across the capacitor? 

 
Ans. During the positive half cycle of input a.c. (when the diode gets forward biased), the capacitor 

charges itself to the peak value of the supply voltage. Therefore, the voltage across the capacitor 

is .1.311220220 VVVV rms ====  

 Q. 4 The V-I characteristic of a silicon diode is shown in figurebelow. Calculate the resistance of the 

diode at ( ) VVbandmAIa DD 10)(15 −==  

 



Ans. Considering the diode characteristics as a straight line between I=10 mA to I=20 mA, we can 

calculate the resistance using Ohm's law. 

(a) From the curve, at I=20 mA, V=0.8 V and at  I=10 mA, V=0.7 V. Therefore 
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Q. 5. Draw energy band diagrams of n-type and p-type semiconductors. Also write two differences 

between n-type and p-type semiconductors. 

Ans:  

 
 

      Two differences: 

n-type semiconductors p-type semiconductors 

It is an extrinsic semiconductors 

which is obtained by doping the impurity 
atoms of 15th  group of periodic table to 
the pure germanium or silicon 
semiconductor. 

 It is an intrinsic semiconductors which is obtained 

by doping the impurity atoms of 13th  group of 
periodic table to the pure germanium or silicon 
semiconductor. 

The impurity atoms added, provide 

extra electrons in the structure, and are 
called donor atoms. 

 The impurity atoms added, create vacancies of 

electrons (i.e. holes) in the structure and are 
called acceptor atoms. 

 

Q. 6. (a) Explain how a potential barrier is developed in a p-n junction diode. 

(b) Draw the circuit arrangements for studying the V-I characteristics of a p-n junction diode in reverse 

bias. Plot the V-I characteristics in this case.  

Ans:  

1. (a). Two important processes occur during the formation of p-n junction diffusion and drift. The motion 
of majority charge carriers give rise to diffusion current. 
Due to the space charge on n-side junction and negative space charge region on p-side the electric field 
is set up and potential barrier develops at the junction Due to electric field e- on p-side moves to n and 
holes from n-side to p-side which is called drift current. 
In equilibrium state, there is no current across p-n junction and potential barrier across p-n juncion has 
maximum value . 
The width of the depletion region and magnitude of barrier potential depends on the nature of 
semiconductor and doping concentration on two sides of p-n junction. 
(b). 



 

 

 

Q. 7: Draw a circuit diagram of full-wave rectifier. Write its working principle. Draw input and output 

waveform. 

Ans :  

 
 

      Principle: When a p-n junction diode is forward biased, it offers less resistance and a current flows through    
       it; but when it is reverse biased, it offers high resistance and almost no current flows through it. This  
       unidirectional property of a diode enables it to be used as a rectifier.  

 

Q. 8. (a) Draw a diagram of  an illuminated p-n junction solar cell. 

(b) Explain briefly the three processes due to which generation of emf takes place in a solar cell.  

Ans: (a) 

 

 

 

 

 

 

(b) Generation:Incident light generates electron-hole pairs. 
Separation:Electric field of the deletion layer separates the electrons and holes 
Collections: Electrons reaching the n-sides are collected by the front contact and holes reaching the p-
side are collected by the back contact. 
 

 
 

 



ADDITIONAL QUESTIONS (ONE MARK QUESTIONS): 

Q. 1 If a full wave rectifier circuit is operating from 50 Hz mains, what will be the fundamental 

frequency in the ripples ? 

Ans: 100 Hz  

Q. 2 If ne and vd be the number of electrons and drift velocity in a semiconductor. When the temperature is 

increased, how these quantities change ? 

Ans: ne increases &vd decreases. 

Q. 3 A semiconductor X is made by doping a germanium crystal with 

arsenic (Z = 33). A second semiconductor Y is made by doping 

germanium with indium (Z = 49). The two are joined end to end and 

connected to a battery as shown. Is the diode forward biased or 

reverse biased ? 

Ans: Reverse biased. 

Q. 4 What is the direction of diffusion current in a p-n junction ? 

Ans: p to n side. 

Q. 5 Forbidden energy gap of a silicon semiconductor is 1.12 eV. In order to generate electron-hole pairs in it, 

what is the maximum wavelength of the incident photons ? 

Ans:  11080 Å 

Q. 6 A conducting wire of Copper and Germenium are cooled from room temperature to temperature 80K, 

then how their resistance will change ? 

Ans: Copper – decreases.   Germenium  -  Increases. 

Q. 7 The electrical conductivity of a semiconductor increases when electromagnetic radiation of wavelength 

shorter than 2480 nm is incident on it. What is the band gap in (eV) for the semiconductor ? 

Ans: 5 eV 

Q. 8 Why is a semiconductor damaged by a strong current? 

Ans: When we pass a strong current through a semiconductor, it gets heated. Due to excessive heat, 

the covalent bonds are broken and crystal breakdown occurs. This makes the semiconductor 

useless. 

Q. 9 How does conductivity of a semiconductor change with rise in its temperature? 

 

Ans:     Increases with temperature 

 



Q. 10 Draw energy band diagram for a (i) p- type extrinsic semiconductor (ii) n-type extrinsic 

semiconductor (iii) intrinsic semiconductors. 

Ans:  

 
 
Q. 11 If the active layer in a P-N photo diode is the thick depletion layer then P-N Photodiode act very 

effective . Why? 

             Ans:   In p-I-n photodiode ,due to thick i – layer the sensitivity improves dramatically.. Large reverse  

                        biases (< 100V for Si ) may be required. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



PRACTICE PAPER 

 

M.M. 20                                                                                 TIME : 1 Hour 
 

1. (a) What is the order of energy band gap in an intrinsic semiconductor?         2 
(b) Draw energy gap diagram of a p- type semiconductor?     

2. (a) Why Photo diode usually operated at reverse bias?                                        2  
(b)Name the factor that determines the element as a conductor or semiconductor?    

3. (a) Name the two important processes involved in the formation of a p-n junction diode.       2   
(b) Name the optoelectronic device used for detecting optical signals and mention the biasing in which 
it is operated.      

       4.  With the help of a diagram, show the biasing of a light emitting diode. Give its                           2 
             two advantages over conventional incandescent lamps.                                                              

5. On the basis of energy band diagrams, distinguish between metals, insulators and semiconductors.  2 
6. Draw the V-I characteristics for (a) Photo diode  (b) LED  and  (c) photo diodes.                      3 

 
7.  What is half wave rectifier? Write its working principle. Draw its diagram and also draw its input and 

output waveform.                                                                                                                                  3 
 

8. Case Study: p-n junction diode :                                                                                                    4 

p-n junction is a semiconductor diode. It is obtained by bringing p-type semiconductor in close 

contact with n- type semiconductor. A thin layer is developed at the p- n junction which is devoid 

of any charge carrier but has immobile ions. It is called depletion layer. At the junction a 

potential barrier appears, which does not allow the movement of majority charge carriers across 

the junction in the absence of any biasing of the junction. p-n junction offers low resistance 

when forward biased and high resistance when reverse biased. 

1. In the middle of depletion layer of reverse biased p- n junction, the 

a. Electric field is zero 

b. Potential is zero 

c. Potential is maximum 

d. Electric field is maximum 

2. The energy band gap is maximum in 

a. Metals 

b. Superconductors 

c. Insulators 

d. Semiconductors 

3. The number of majority carriers crossing the junction of diode depends primarily on the 

a. Concentration of doping impurities 

b. Magnitude of potential barriers 

c. Magnitude of the forward bias voltage 

d. Rate of thermal generation of electron –hole pairs  

4. Hole is 

a. Antiparticle of electron 

b. A vacancy created when an electron leaves covalent bond 

c. Absence of free electrons 

d. An artificially created particle. 
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General Instructions: 
 

(i) There are 12 questions in all. All questions are compulsory. 

(ii) This question paper has three sections: Section A, Section B and Section C. 
(iii) Section A contains three questions of two marks each, Section B contains eight questions 

of three marks each, Section C contains one case study-based question of five marks. 
(iv) There is no overall choice. However, an internal choice has been provided in one question 

of two marks and two questions of three marks. You have to attempt only one of the 
choices in such questions. 

(v) You may use log tables if necessary but use of calculator is not allowed. 
                                                                                                                             

                                                                                                                                                   
SECTION A 

 

Q1. In a pure semiconductor crystal of Si, if antimony is added then what type of extrinsic semiconductor                                                                                       
 is  obtained. Draw the energy band diagram of this extrinsic semiconductor so formed.                                         

Q2.  Consider two different hydrogen atoms. The electron in each atom is in an excited state. Is it 
 possible for the electrons to have different energies but same orbital angular momentum according 
 to the Bohr model? Justify your answer. 

  OR 

  Explain how does (i) photoelectric current and (ii) kinetic energy of the photoelectrons emitted in a 
 photocell vary if the frequency of incident radiation is doubled, but keeping the intensity same? 
 Show the graphical variation in the above two cases. 

Q3.  Name the  device which converts the change in intensity of illumination to change in electric current 
 flowing through it. Plot I-V characteristics of this device for different intensities. State any two 
 applications of this device.  

SECTION B 

Q4. Derive an expression for the frequency of radiation emitted when a hydrogen atom de-excites 

 from level n to level (n –  1). Also show that for large values of n, this frequency equals to classical 
 frequency of revolution of an electron. 

Q5. Explain with a proper  diagram how an ac signal can be converted into  dc ( pulsating)signal  with 
 output frequency  as double than the input frequency using pn junction diode. Give its input and 
 output waveforms. 

Q6.   How long can an electric lamp of 100 W be kept glowing by fusion of 2 kg of deuterium?                  
 Take the fusion reaction as  

  H + H → He + n + 3.27 MeV 

Q7. Define wavefront. Draw the shape of refracted wavefront when the plane incident wave undergoes 
 refraction from optically denser medium to rarer medium. Hence prove Snell’s law of refraction. 



Q8. (a) Draw a ray diagram of compound microscope for the final image formed at least distance of 
  distinct vision? 

  (b) An angular magnification of 30X is desired using an objective of focal length 1.25 cm and an 
  eye piece of focal length 5 cm. How will you set up the compound microscope for the final 
  image formed at least distance of distinct vision?  

OR 

(a) Draw a ray diagram of Astronomical Telescope for the final image formed at infinity. 

(b)  A small telescope has an objective lens of focal length 140 cm and an eyepiece of focal  
 length 5.0 cm. Find the magnifying power of the telescope for viewing distant objects when  

  (i)  the telescope is in normal adjustment,  

  (ii) the final image is formed at the least distance of distinct vision. 

Q9.  Light of wavelength 2000 Å falls on a metal surface of work function 4.2 eV. 

 (a) What is the kinetic energy (in eV) of the fastest electrons emitted from the surface? 

 (b) What will be the change in the energy of the emitted electrons if the intensity of light with  
       same wavelength is doubled?  

 (c) If the same light falls on another surface of work function 6.5 eV, what will be the energy of               
       emitted electrons? 

Q10. The focal length of a convex lens made of glass of refractive index (1.5) is 20 cm.  

  What will be its new focal length when placed in a medium of refractive index 1.25 ? 

  Is focal length positive or negative? What does it signify? 

Q11. (a)  Name the e.m. waves which are suitable for radar systems used in aircraft navigation. Write 
  the range of frequency of these waves. 

 (b)  If the Earth did not have atmosphere, would its average surface temperature be higher or 
  lower than what it is now? Explain. 

 (c)  An e.m. wave exerts pressure on the surface on which it is incident. Justify. 

OR 

 

 (a)  "If the slits in Young's double slit experiment are identical, then intensity at any point on the 
  screen may vary between zero and four times to the intensity due to single slit".  

  Justify the above statement through a relevant mathematical expression. 

 (b) Draw the intensity distribution as function of phase angle when diffraction of light takes  
  place through coherently illuminated single slit. 

 

 

Q12.      CASE STUDY:  MIRAGE IN DESERTS 

 



                

 

To a distant observer, the light appears to be coming from somewhere below the ground. The observer 
naturally assumes that light is being reflected from the ground, say, by a pool of water near the tall 
object. 
Such inverted images of distant tall objects cause an optical illusion to the observer. This phenomenon 
is called mirage. This type of mirage is especially common in hot deserts.  
Based on the above facts, answer the following questions: 
 

(a) Which of the following phenomena is prominently involved in the formation of mirage in 
deserts? 
(i) Refraction, Total internal Reflection (ii)  Dispersion and Refraction 
(iii)  Dispersion and scattering of light (iv)  Total internal Reflection and diffraction. 

 

1 

(b) A diver at a depth 12 m inside water aμω
=  sees the sky in a cone of semi- vertical angle 

(i) sin  (ii)    tan  

(iii)  sin  (iv)     90° 
 

1 

(c) In an optical fibre, if n1 and n2 are the refractive indices of the core and cladding, then which 
among the following, would be a correct equation? 
(i)  n1 < n2 (ii)  n1 = n2 
(iii) n1 << n2 (iv)  n1 > n2 

 
 

1 

(d) A diamond is immersed in such a liquid which has its refractive index with respect to air as  
greater than the refractive index of  water with respect  to air.  Then the critical angle of 
diamond-liquid interface as compared to critical angle of diamond -water interface will    
(i) depend on the nature of the liquid only (ii)    decrease 
(iii) remain the same (iv) increase. 

 
 

1 

(e) The following figure shows a cross-section of a ‘light pipe’ made of a glass fiber of refractive 
index 1.68. The outer covering of the pipe is made of a material of refractive index 1.44. What 
is the range of the angles of the incident rays with the axis of the pipe for the following 
phenomena to occur. 
 
                                                                                                                                                                                              
 
 
 

1 



 
 
 
(i) 0 < 𝑖 < 90°  (ii) 0 < 𝑖 < 60° 
(iii) 0 <  𝑖 < 45° (iv) 0 <  𝑖 < 30° 
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ANS 1  
As given in the statement antimony is added to pure Si crystal, 
then a n -type extrinsic semiconductor would be so obtained,  
Since antimony(Sb) is a pentavalent impurity. 
 
 
Energy level diagram of n-type semiconductor 
 
 

 
                                                                            
Donar Energy level                             
 
 
 
 
 
 
 
 

                
 

 
 

1 
Mark 

 
 
 
 
 
 
 
 
 
 

1 
Mark 

 
 

ANS 2   No 1/2  
mark 

 Because according to Bohr's model, 

En = −
.

 and electrons having different energies belong to 

different levels having different values of n.   
   

 
1/2  

mark 
 

 So, their angular momenta will be different, as  

 L =  mvr =    

1 
 mark 

OR 
(i) The increase in the frequency of incident radiation has no effect on 

photoelectric current. This is because of incident photon of 
 

1/2  



increased energy cannot eject more than one electron from the 
metal surface.     

mark 
 

   
 
 
 

1/2  
mark 

 

(ii) The kinetic energy of the photoelectron becomes more than the 
double of its original energy. As the work function of the metal is 
fixed, so incident photon of higher frequency and hence higher 
energy will impart more energy to the photoelectrons.   

 
1/2 

 mark 

   
 
 

1/2 
 mark 

 

ANS 3 Photodiodes are used to detect optical signals of different 
intensities by changing current flowing through them. 
 
 

1/2 mark 
 
 

  
 
 
 
 
 
 
 
 
 
                   I-V Characteristics of a photodiode 
 
 
 
 

 
 
 

1/2 mark 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Applications of photodiodes: 
1. In detection of optical signals.                                                         
2. In demodulation of optical signals. 
3. In light operated switches. 
4. In speed reading of computer punched cards. 
5. In electronic counters 
 
(any two out of these or any other relevant application) 
 
 

 
 
 
 
 
 
 

(1/2) X 2= 1 
mark 

                                     SECTION B  
ANS 4 From Bohr’s theory, the frequency f of the radiation emitted when 

an electron de – excites from level n  to level n is given as 

f =
2π mk z e

h

1

n
−

1

n
 

Given n = n − 1 , n = n , derivation of it  

f =
2π mk z e

h
 

(2n − 1)

(n − 1) n
 

 
 
 
 

2 marks 

  For large n, 2n − 1 = 2n , n − 1 = n and z = 1 

Thus,  f =  
which is same as orbital frequency of electron in n  orbit. 

f =
v

2πr
=

4π mk e

n h
 

 
1 mark 

ANS 5 
A junction diode allows current to pass only when it is forward 
biased. So, if an alternating voltage is applied across a diode the 
current flows  only in that part of the cycle when the diode is 
forward biased. This property is used to rectify  alternating voltages 
and the circuit used for this purpose is called a rectifier. 

 
 
 1 mark 

 

 

  

Circuit Diagram                   

 
 
 
 
 

1 mark 



 

                    

Working with input and output waveforms 

 
 
 
 
 
 
 
 
 
 

1 mark 

ANS 6 Number of atoms present in 2 g of deuterium = 6 × 10  
Number of atoms present in 2.0 Kg of deuterium = 6 × 10  
Energy released in fusion of 2  deuterium atoms 

= 3.27 MeV 
Energy released in fusion of 2.0 Kg of deuterium atoms 

       =
.

× 6 × 10  MeV 

 = 9.81 × 10  MeV 
= 15.696 × 10  J 

Energy consumed by bulb per sec = 100 J 

Time for which bulb will glow =
. ×

 s = 4.97 × 10 𝑦𝑒𝑎𝑟 

 
1 mark 

 
 
 
 
 

1 mark 
 
 
 

1 mark 
ANS 7 A locus of points, which oscillate in phase is called a wavefront. 

    OR 
A wavefront is defined as a surface of constant phase.       

 
 
 
 
 
 
 
 
 
 
 

 
 

1 mark 
 
 
 
 
 
 
 
 

1 mark 
 
 
 



Diagram 
Proof    n sin i = n sin r   (Derivation) 
This is the Snell’s law of refraction.                       

 
1 mark 

ANS 8 
(a)  

  
 

Diagram of Compound Microscope for the final image formed at D:  
 
 
 

𝟏
𝟏

𝟐
 

marks 
 
 
 
 

(b) m = 30, f = 1.25 cm, f = 5 cm 
when image is formed at least distance of distinct vision,         
 D = 25cm  
Angular magnification of eyepiece  

m = 1 +
D

f
= 1 +

25

5
= 6 

Total Angular magnification, m = m m  ⇒  m = = = 5 

As the objective lens forms the real image, 
 m = = −5 ⇒ v = −5u    

using lens equation, u = −1.5 cm, v = −5 × (−1.5)cm = +7.5 cm 
Given v = −D = −25 cm, f = +5 cm, u = ?  

using again lens equation u =  

Thus, object is to be placed at 1.5 cm from the objective and 
separation between the two lenses should be  
L = v + Iu l = 11.67 cm  
  

 
 
 
 

1/2 mark 
 
 
 
 
 

1/2 mark 
 
 
 
 

1/2 mark 
 

                                           OR  
ANS 8 

(a) 
 
 
 
 
 
 
 
 
 
 
 

 
Ray diagram of astronomical telescope when image is formed at 
infinity. 
 

 
 

 

𝟏
𝟏

𝟐
marks 

 
 
 
 
 
 
 
 
 
 
 



(b)  (i) In normal adjustment : 
Magnifying power. 
m = f /f = (140/5) = 28 

 
(ii)  When the final image is formed at the least distance of 

distinct vision (25 cm) : 
 

m = 1 + = (28 x 1.2) = 33.6 

   

 
½ mark  

 
 

1 mark 
 
 
 

ANS 9 
 
 
 
 

(a) 
 
 
 

(b) 
 
 

(c) 

λ = 2000 Å = (2000 × 10 )m 
W = 4.2eV 
h = 6.63 × 10 JS 
Using Einstein's photoelectric equation 
K. E. =  (6.2 –  4.2) eV =  2.0 eV  
 
The energy of the emitted electrons does not depend upon 
intensity of incident light; hence the energy remains unchanged.   
   
For this surface, electrons will not be emitted as the energy of 
incident light (6.2 eV) is less than the work function (6.5 eV) of the 
surface.     
 

 
 
 
 
1 mark 
 
 
1 mark 
 
 
1 mark 

ANS 10 Given  a =  1.5 

Focal length of the given convex lens when it is placed in air is       
f =  + 20 cm 
Refractive index of the given medium with respect to air is            
a = 1.25 
New focal length of the given convex lens when placed in a 
medium is f  

= a − 1 +     ------(A)                    

= m − 1 +    ------(B)  

Dividing (A) by (B), we get 

f

f
=

a − 1

m − 1
=

(1.5 − 1)

(1.2 − 1)
=

0.5

0.2
=

5

2
= 2.5 

f = 2.5f = (2.5 × 20)cm = +50cm  as m = =
.

.
= 1.2  

New focal length is positive. 
The significance of the positive sign of the focal length is that given 
convex lens is still converging in the given medium. 
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ANS 11. 
(a) 

 

 
Microwaves are suitable for the radar system used in aircraft 

 
 



 
 
 

(b) 
 

 
 
 

(c) 

navigation.  
Range of frequency of microwaves is 108 Hz to 1011 Hz. 
 
If the Earth did not have atmosphere, then there would be absence 
of greenhouse effect of the atmosphere. Due to this reason, the 
temperature of the earth would be lower than what it is now. 
 
An e.m. wave carries momentum with itself and given by               
P = Energy of wave(U)/ Speed of the wave(c) 
 = U/c 
 when it is incident upon a surface it exerts pressure on it.   

1 mark 
 
 
 
1 mark 
 
 
 
1 mark 
 
 

 OR  
ANS. 11 

(a) 
The total intensity at a point where the phase difference is ∅, is 
given by 𝐼 =  𝐼 + 𝐼 + 2 𝐼 𝐼  𝐶𝑂𝑆 ∅. Here 𝐼  and 𝐼  are the 
intensities of two individual sources which are equal.  
When ∅ is 0, I = 4𝐼 . 
When ∅ is 90o, I = 0 
Thus intensity on the screen varies between 4𝐼  and 0. 

 
 
2 marks 
 

 
 

ANS. 11 
(b) 

 
Intensity distribution as function of phase angle, when diffraction of 
light takes place through coherently illuminated single slit 
 

 
 

 
 
 
 
 
 
 
1 mark 
 
 
 
 

ANS 12. 
(a) 

 
 

(b) 
 
 
 
 
 

 
Ans (i)     Refraction, Total internal reflection 
 

Ans iii)   sin-1( 
  

 ) 

               a =
 

       

  ⇒ sin C =    ⇒ C = sin  

 
1 mark 

 
 

 
1 mark 

 
 
 



 
 

            

 

    

    

 

 

(c) 
 
 
 
 

(d) 
 
 
 
 
 

(e) 

Ans (iv)  n1 > n2 

 
 The refractive index of the core should be greater than the 
refractive index of the cladding. 
  

  

Ans (iv) increases 
 

 l =
 

=  , ω = =   

    
 μ > μ  

 Thus C > C   

Ans (ii)  0 < i < 60° , 1 =
 

  

     Sin C =  
.

.
= 0.8571     

 ⇒  C = 59° 
       Total internal reflection will occur if the angle 𝑖  > 𝑖  ,  
        i.e., if  𝑖  > 59o or when r < rmax’ where rmax = 90o – 59o = 31o.  
        Using Snell’s law, 

         = 1.68 

 or    𝑆𝑖𝑛 𝑖 = 1.68 × 𝑆𝑖𝑛 𝑟  
                      = 1.68 x sin 31o = 1.68 x 0.5150 = 0.8662 
 
         ∴  𝑖  = 60o 

Thus all incident rays which make angles in the range 0 < 𝑖 <
60  with the axis of the pipe will suffer total internal 
reflections in the pipe.  

      
       

1 mark 
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