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Chapter 8: Electromagnetic Waves 

Gist: 

1. Electromagnetic Waves An electromagnetic wave is a wave 

radiated by an accelerated or oscillatory charge in which 

varying magnetic field is the source of electric field and 

varying electric field is the source of magnetic field. Thus 

two fields becomes source of each other and the wave 

propagates in a direction perpendicular to both the fields. 

2. Electromagnetic waves are transverse in nature, i.e. electric 

and magnetic fields are perpendicular to each other and to 

the direction of wave propagation. Electromagnetic waves 

are not deflected by electric and magnetic fields. 

 
3.  E (electric field) and B (magnetic field) in 

electromagnetic waves are in same phase. 

8. Speed of electromagnetic wave 

 
4. The energy in electromagnetic wave is divided on 

average equally between electric and magnetic fields. 

5. Energy associated with an electromagnetic wave is  

 
6. Linear momentum delivered to the surface, p= U/c, 

where, U = total energy transmitted by electromagnetic 

waves and c = speed of electromagnetic wave. 
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7. Electromagnetic Spectrum The systematic sequential 

distribution of electromagnetic waves in ascending or 

descending order of frequency or wavelength is known as 

electromagnetic spectrum. The range varies from 10
-12

 m, 

to 10
4
 m, i.e. from γ-rays to radio waves. 

 

 
8. Elementary facts about the uses of electromagnetic waves 

Radio waves 

(i) In radio and TV communication. 

(ii) In astronomical field. 

Microwaves 

(i) In RADAR communication. 

(ii) In analysis of molecular and atomic structure. 
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(iii) For cooking purpose. 

Infrared waves 

(i) In knowing molecular structure. (ii) In remote control 

of TV VCR, etc. 

Ultraviolet rays 

(i) Used in burglar alarm. (ii ) To kill germs in minerals. 

X-rays 

(i) In medical diagnosis as they pass through the muscles 

not through the bones. 

(ii) In detecting faults, cracks, etc., in metal products, 

γ-rays 

(i) As food preservation. (ii) In radiotherapy. 

9. Properties of Electromagnetic Waves: 

1. Variations in both electric and magnetic fields occur 

simultaneously.  Therefore, they attain their maxima and 

minima at the same place and at the same time. 

2. The direction of electric and magnetic fields are mutually 

perpendicular to each other and as well as to the direction 

of propagation of wave. 

3. The electric field vector E and magnetic field vector B are 

related by 

c = E0 / B0   

where E0 and B0 are the amplitudes of the respective fields 

and c is speed of light. 

4. The velocity of electromagnetic waves in free space, c = 

1 / √μ0ε0 

5. The velocity of electromagnetic waves in a material 

medium  = 1 / √με     

where μ and ε are absolute permeability and absolute 

permittivity of the material medium. 

6. Electromagnetic waves obey the principle of 

superposition. 
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7. Electromagnetic waves carry energy as they propagate 

through space.   This energy is divided equally between 

electric and magnetic fields. 

8. Electromagnetic waves can transfer energy as well as 

momentum to objects placed on their paths. 

9. For discussion of optical effects of EM wave, more 

significance is given to Electric Field, E.  Therefore, 

electric field is called ‗light vector‘. 

10. Electromagnetic waves do not require material 

medium to travel. 

11. An oscillating charge which has non-zero 

acceleration can produce     electromagnetic waves. 

 

S. No 
EM 

Wave 
Range of λ Range of ν Source Uses  Detection 

1 
Radio 

Wave 

A few km             

to                     
0.3 m 

A few Hz              

to                       
109 Hz 

Oscillating 

electronic circuits 

Radio and TV 

broadcasting 

Receiver‘s 

aerials 

2 
Micro 

wave 

0.3 m                      

to                             
10-3 m 

109 Hz                

to                          
3 x 1011 Hz 

Oscillating 

electronic circuits 

Radar, analysis of 

fine details of 
atomic and 

molecular 

structures & 
Microwave oven 

Point contact 

diodes 

3 
Infra Red 

waves 

10-3 m                    

to                             
7.8 x 10-7 m 

3 x 1011 Hz 

to                 
4 x 1014 Hz 

Molecules and 

hot bodies 

Industry, 

medicine, 

astronomy, night 
vision device, 

green house, 

revealing secret 
writings on 

ancient walls, etc. 

Thermopile, 

Bolometer, 

infrared 
photographic 

film 

4 
Visible 
rays 

7.8 x 10-7 m               

to                            

3.8 x 10-7 m 

4 x 1014 Hz 

to                 

8 x 1014 Hz 

Atoms and 

molecules when 
electrons are 

excited 

Optics and 
Optical 

Instruments, 

Vision, 
photography, etc. 

The eye, 

photocell, 
photographic 

films 

5 
Ultra 

violet 

3.8 x 10-7 m               

to                           
6 x 10-10 m 

8 x 1014 Hz      

to                         
3 x 1017 Hz 

Atoms and 

molecules in 

electrical 
discharges and 

Sun 

Medical 

application, 
sterilization, 

killing bacteria 

and germs in food 
stuff, detection of 

Photodiodes, 

photographic 
films 
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invisible writing, 

forged 
documents, finger 

print, etc. 

6 X- Rays 
10-9 m                        
to                                        

6 x 10-12 m 

3 x 1017 Hz      
to                        

5 x 1019 Hz 

Inner  or more 
tightly bound 

electrons in atoms 

X-ray 

photography, 
treatment of 

cancer, skin 

disease & tumor, 
locating cracks 

and flaws in 

finished metallic 
objects, detection 

of smuggled 

goods in bags of a 

person, study of 

crystal structure, 
etc. 

Photographic 
films, Geiger 

tube 

7 
Gamma 

rays 

They overlap 

the upper limit 

of the X-Ray.              
10-10 m  to        

10-14 m 

3 x 1018 Hz              

to                           
3 x 1022 Hz 

Radioactive 

substances 

Information about 

structure of 

nuclei, 
astronomical 

research, etc. 

Photographic 
films, 

ionisation 

chamber 

 

 

Short Answer Question (1 marks) 
1. Name the part of the electromagnetic spectrum of 

wavelength 10
-2

 m and mention its one application.  

2. Write the following radiations in ascending order in 

respect of their frequencies ; 

X-rays, Microwaves, UV rays and radiowaves. 

3. Name the part of electromagnetic spectrum which is 

suitable for 

(a) radar systems used in aircraft navigation 

(b) treatment of cancer tumours. 

4. Name the EM waves used for studying crystal structure 

of solids. What is its frequency range?  

5. Which part of electromagnetic spectrum has largest 

penetrating power?  

6. Which part of electromagnetic spectrum is absorbed from 

sunlight by ozone layer? 
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7. Which part of electromagnetic spectrum is used in radar 

systems? 

8. Name the part of electromagnetic spectrum whose 

wavelength lies in the range of 10
-10

 m. Give its one use. 

9. Which of the following has the shortest wavelength : 

Microwaves, Ultraviolet rays, X-rays. 

10. Arrange the following in descending order of 

wavelength : 

X-rays, Radio waves, Blue light, Infrared light. 

11. A plane electromagnetic wave travels in vacuum 

along z-direction. What can you say about the direction 

of electric and magnetic field vectors?  

12. A plane electromagnetic wave travels in vacuum 

along x-direction. What can you say about the direction 

of electric and magnetic field vectors?  

13. A plane electromagnetic wave travels in vacuum 

along y-direction. What can you say about the direction 

of electric and magnetic field vectors?  

14. How are radio waves produced? 

15. How are X-rays produced?  

16. How are microwaves produced?  

17. Name the physical quantity which remains same for 

microwaves of wavelength 1 mm and UV radiations of 

1600 Å in vacuum. 

18. What are the directions of electric and magnetic field 

vectors relative to each other and relative to the direction 

of propagation of electromagnetic waves?  

19. The speed of an electromagnetic wave in a material 

medium is given by v=1√με,μ the permeability of the 

medium and ε its permittivity. How does its frequency 

change? 

Short Answer Type SA-(2 Marks) 
20. Welders wear special goggles or face masks with 

glass windows to protect their eyes from electromagnetic 
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radiations. Name the radiations and write the range of 

their frequency.  

21. To which part of the electromagnetic spectrum does 

a wave of frequency 5 × 10
19

 Hz belong?  

22. To which part of the electromagnetic spectrum does 

a wave of frequency 3 × 10
13

 Hz belong?  

23. Why are microwaves considered suitable for radar 

systems used in aircraft navigation? 

24. The oscillating magnetic field in a plane 

electromagnetic wave is given by 

By = (8 × 10
-6

) sin [2 × 10
-11

 t + 300 π x] T 

(i) Calculate the wavelength of the electo-magnetic wave. 

(ii) Write down the expression for the oscillating electric 

field.  

25. The oscillating electric field of an electromagnetic 

wave is given by : 

E = 30 sin [2 × 10
11

 t + 300 π x] Vm
-1

 

(a) Obtain the value of the wavelength of the 

electromagnetic wave. 

(b) Write down the expression for the oscillating 

magnetic field.  

26. How does a charge q oscillating at certain frequency 

produce electromagnetic waves? Sketch a schematic 

diagram depicting electric and magnetic fields for an 

electromagnetic wave propagating along the Z-direction.  

27. Arrange the following electromagnetic radiations in 

ascending order of their frequencies: 

(i) Microwave 

(ii) Radiowave 

(iii) X-rays 

(iv) Gamma rays 

Write two uses of any one of these.  

28. Draw a sketch of a plane electromagnetic wave 

propagating along the z-direction. Depict clearly the 
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directions of electric and magnetic fields varying 

sinusoidally with z.  

29. How are infrared waves produced? Why are these 

referred to as ‗heat waves‘? Write their one important 

use.  

30. (a) An em wave is travelling in a medium with a 

velocity v→=vi^. Draw a sketch showing the propagation 

of the em wave, indicating the direction of the oscillating 

electric and magnetic fields. 

(b) How are the magnitudes of the electric and magnetic 

fields related to the velocity of the em wave? 

31. (a) How are electromagnetic waves produced? 

(b) How do you convince yourself that electromagnetic 

waves carry energy and momentum?  

32. (a) Arrange the following electromagnetic waves in 

the descending order of their wavelengths : 

1. Microwaves 

2. Infra-red rays 

3. Ultra-violet radiation 

4. Gamma rays 

(b) Write one use each of any two of them.  

33. Name the types of e.m. radiations which 

1. are used in destroying cancer cells, 

2. cause tanning of the skin and 

3. maintain the earth‘s warmth. 

Write briefly a method of producing any one of these 

waves.  

34. For a plane electromagnetic wave, propagating along 

the Z-axis, write the two (possible) pairs of expression for 

its oscillating electric and magnetic fields. How are the 

peak values of these (oscillating) fields related to each 

other?  

35. An e.m. wave, Y1, has a wavelength of 1 cm while 

another e.m. wave, Y2, has a frequency of 10
15

 Hz. Name 
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these two types of waves and write one useful application 

for each.  

36. Identify the electromagnetic waves whose 

wavelengths vary as 

(a) 10
-12

 < λ < 10
-8

 m 

(b) 10
-3

 m < λ < 10
-1

 m 

Write one use for each.  

37. Identify the electromagnetic waves whose 

wavelengths lie in the range 

(a) 10
-11

 m < λ < 10
-8

 m 

(b) 10
-4

 m < λ < 10
-6

 m Write one use of each.  

Long Answer Type LA-(3 Marks) 
38. Identify the following electromagnetic radiations as 

per the wavelengths given below. Write one application 

of each.  

(a) 10
-3

 nm 

(b) 10
-3

 m 

(c) 1 nm 

39. Identify the following electromagnetic radiations as 

per the wavelengths given below. Write one application 

of each. 

(a) 1 mm 

(b) 10
-12

 m 

(c) 10
-8

 m  

40. (a) When the oscillating electric and magnetic fields 

are along the x- and indirection respectively 

1. point out the direction of propagation . of electromagnetic 

wave. 

2. express the velocity of propagation in terms of the 

amplitudes of the oscillating electric and magnetic fields. 

(b) How do you show that the em wave carries energy and 

momentum 

41. Answer the following : 

(a) Name the em waves which are suitable for radar 

systems used in aircraft navigation. Write the range of 
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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 em wave exerts pressure on the surface on which it 

is incident. Justify.  

42. Answer the following : 

(a) Name the em waves which are used for the treatment 

of certain forms of cancer. Write their frequency range. 

(b) Thin ozone layer on top of stratosphere is crucial for 

human survival. Why? 

(c) Why is the amount of the momentum transferred by 

the em waves incident on the surfrace so small?  

43. Answer the following questions : 

(a) Name the em waves which are produced during 

radioactive decay of a nucleus. Write their frequency 

range. 

(b) Welders wear special glass goggles while working. 

Why? Explain. 

(c) Why are infrared waves often called as heat waves? 

Give their one application.  

44. Answer the following questions: 

(i) Show, by giving a simple example, how em waves 

carry energy and momentum. 

(i) How are microwaves produced? Why is it necessary in 

microwave ovens to select the frequency of microwaves 

to match the resonant frequency of water molecules? 

(iii) Write two important uses of infrared waves.  

45. Name the parts of the electromagnetic spectrum 

which is 

(a) suitable for radar systems used in aircraft navigation. 

(b) used to treat muscular strain. 

(c) used as a diagnostic tool in medicine. 

Write in brief, how these waves can be produced.  
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46. Name the e.m. waves in the wavelength range 10 nm 

to 10
-3

 nm. How are these waves generated? Write their 

two uses.  

47. Name the type of e.m. waves having a wavelength 

range of 0.1 m to 1 mm. How are these waves generated? 

Write their two uses.  

48. Name the type of e.m. waves having a wavelength 

range 10
-7

 m to 10
-9

 m. How are these waves generated? 

Write their two uses.  

49. To which part of the electromagnetic spectrum does 

a wave of frequency 5 x 10
19

 Hz belong?  

50. To which part of the electromagnetic spectrum does 

a wave of frequency 3 x 10
13

 Hz belong?  

51. Write three uses of microwaves. 

52. Write three uses of infrared rays.  

53. Write three uses of X-rays. 

What is the frequency of electromagnetic waves produced 

by oscillating charge of frequency V=10
5
Hz?   

 

Multiple Choice Questions 
 

1. One requires 11 eV  of energy to dissociate a carbon 

monoxide molecule into carbon and oxygen atoms. The 

minimum frequency of the appropriate electromagnetic 

radiation achieve the dissociation lies in  

(a )  visible region   (b ) infrared region   

(c ) ultraviolet region   (d )  microwave region  

2. A plane electromagnetic wave travelling along X – axis 

has a wave length 10.0 mm. The electric field points 

along Y- direction and has a peak value of 30 V/M. Then 

the   magnetic field in terms of x in metre and t in second 

may be expressed as  

(a) 30 sin 200 (      )    

(b) 10
-7

 sin 200 (      ) 
(c ) 30 sin 2    (      )   
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(d) 10
-7

 sin 2    (      ) 
3. A linearly polarised electromagnetic wave given as E = 

E0 cos ( kz – ωt)i  is incident normally on a perfectly 

reflecting infinite  wall at z = a . Assuming that the 

material of the wall is optically inactive, the reflected 

wave will be given as  

(a) Er = E0 cos ( kz – ωt)i   

(b) Er =  E0 cos ( kz + ωt) i    

(c ) Er = - E0 cos ( kz + ωt) i  

(d ) Er = - E0 sin (kz – ωt) i 

4. Light with an energy flux of 20 W/cm
2
 falls on a non– 

reflecting surface at normal incidence. If the surface has 

an area of 30 cm
2
, the total momentum delivered for 

complete absorption during 30 minutes is  

(a ) 36 x 10 
-5

 kg m/s  (b ) 36 x 10 
-4

 kg m/s 

(c ) 108  x 10 
4
 kg m/s  (d ) 1.08 x 10 

7
 kg m/s  

5. The part of electromagnetic spectrum belonging to 2.7 K 

is  

(a ) lnfrared    (b ) Ultraviolet  

(c ) X – rays   (d ) Microwaves  

6. The correct option, if speeds of gamma rays, X-rays and 

microwave are Vg, Vx an Vm respectively will be. 

(a) Vg > Vx > Vm 

(b) Vg < Vx < Vm 

(c) Vg > Vx > Vm 

(d) Vg = Vx = Vm 

7. The  electric intensity produced by the radiations coming 

from 100w bulb at a 3 m  distance is E. The electric field 

intensity produced by the radiations coming from 50 W 

bulb at the same distance is  

(a ) E/2       (b) 2E    (c ) E √       (d ) √  E 

8. If E and B represent electric and magnetic field vectors of 

the electromagnetic wave, the direction of propagation of 

electromagnetic wave is along.  

(a ) E  (b ) B   (c ) B X E  (d )  E X B  
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9. An electromagnetic wave radiates outwards from a dipole 

antenna, with E0 as the amplitude of its electric field 

vector . The electric field E0 which transports significant 

energy from the source fall of as  

(a ) 1/r
3 

(b )1/r
2  

(c )1/r  (d )  1/r
2 

10. A plane electromagnetic wave propagating along x 

direction can have the following pairs of E and B  

(a) Ez , BY (b ) EY , BZ(c ) Ex , BY (d )  both  a and b 

11. The ratio of contributions made by the electric field 

and magnetic field components to the intensity of an em 

wave is 

  (a) c : 1    (b) c
2
: 1     (c) 1:1     (d)   √    

12. Which of the following has maximum penetrating 

power? 

(a) Ultraviolet radiation 

(b) Microwaves 

(c) γ-rays 

(d) Radio waves 

13. Which of the following is called heat radiation? 

(a) X-rays 

(b) γ-rays 

(c) Infrared radiation 

(d) Microwave 

14. Electromagnetic waves are transverse in nature is 

evident by 

(a) polarisation. 

(b) interference, 

(c) reflection. 

(d) diffraction 

15. Which of the following are not electromagnetic 

waves? 

(a) Cosmic rays 

(b) γ-rays 

(c) β-rays 

(d) X-rays 
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16. 10 cm is a wavelength corresponding to the spectrum 

of 

(a) infrared rays 

(b) ultraviolet rays 

(c) microwaves 

(d) X-rays 

17. The condition under which a microwave over heats 

up a food item containing water molecules most 

efficiently is 

(a) The frequency of the microwaves must match the 

resonant frequency of the water molecules. 

(b) The frequency of the microwaves has no relation with 

natural frequency of the water molecules. 

(c) Microwaves are heat waves, so always produce 

heating. 

(d) Infrared waves produce heating in a microwave oven. 

18. An electromagnetic wave can be produced, when 

charge is 

(a) moving with a constant velocity 

(b) moving in a circular orbit 

(c) falling in an electric field 

(d) both (b) and (c) 

19. Which of the following has/have zero average value 

in a plane electromagnetic wave? 

(a) Both magnetic and electric fields 

(b) Electric field only 

(c) Magnetic field only 

(d) None of these 

20. A charged particle oscillates about its mean 

equilibrium position with a frequency of 109 Hz. The 

frequency of electromagnetic waves produced by the 

oscillator is 

(a) 10
6
 Hz   (b) 10

7
 Hz 

(c) 10
8
 Hz   (d) 10

9
 Hz 

21. The wavelength of signal weather frequency of 300 
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MHz is 

(a) 2m    (b) 20 m 

(c ) 10m   (d) 1 m 

22. Human body radiates 

(a) microwavws  (b) X-rays 

(c) infrared rays  (d) gamma rays 

23. The phase difference between electric field and 

magnetic field in an em wave is 

(a) 0    (b)     

©        (d)   

24. The structure of solids is investigated by using 

(a) cosmic rays   (b) X-rays 

(c) γ-rays    (d) infrared rays 

25. The condition under which a microwave over heats 

up a food item containing water molecules most 

efficiently is 

(a) The frequency of the microwaves must match the 

resonant frequency of the water molecules. 

(b) The frequency of the microwaves has no relation with 

natural frequency of the water molecules. 

(c) Microwaves are heat waves, so always produce 

heating. 

(d) Infrared waves produce heating in a microwave oven. 

26. Which radiations are used in treatment of muscle 

ache? 

(a) Infrared   (b) Ultraviolet 

(c) Microwave  (d) X-rays 

27. Waves in decreasing order of their wavelength are 

(a) X-rays, infrared rays, visible rays, radio waves 

(b) radio waves, visible rays, infrared rays, X-rays. 

(c) radio waves, infrared rays, visible rays, X-rays. 

(d) radio waves, ultraviolet rays, visible rays, X-rays. 

28. The electric field associated with an e.m wave in 

vacuum is given by     =40 cos (kz – 6 × 10
8
t)    , where 

E, Z and t are in volt/m, metre and seconds respectively. 
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The value of wave vector K is 

(a) 2 m
-1 

(b) 0.5 m
-1 

(c) 6 m
-1 

(d) 3 m
-1 

29. Electromagnetic waves with wavelength λ are used 

by a FM radio station for broadcasting. Here λ belongs to 

(a) radio waves  (b) VHF radio waves 

(c) UHF radio waves (d) microwaves 

30. The oscillating magnetic field in a plane 

electromagnetic wave is given as By = (8 × 10
-6

) sin [2 × 

10
11

t+ 300πx] T, wavelength of the em wave is 

(a) 0.80 cm   (b) 1 × 10
3
m 

(c) 2 × 10
-2

cm  (d) 0.67 cm 

Assertion Reason Type questions 

Two statements are given- one labelled 

Assertion & other labelled Reason. 

Select the correct answer to these 

questions from the codes (a), (b), (c), 

(d) are given below 

(a) Both A & R are true & R is the correct explanation of A 

(b) Both A & R are true & R is not the 

correct explanation of A 

(c) A is true but R is false 

(d) A is false but R is also false 

1. Assertion : Electromagnetic wave are transverse in 

nature. 

Reason : The electric and magnetic fields in 

electromagnetic waves are perpendicular to each other 

and the direction of propagation. 

2. Assertion : Electromagnetic waves interact with matter 

and set up oscillations. 

Reason : Interaction is independent of the wavelength of 

the electromagnetic wave. 

3. Assertion : Electromagnetic waves carry energy and 

momentum. 

Reason : Electromagnetic waves can be polarised. 
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4. Assertion : Electromagnetic waves exert radiation 

pressure. 

Reason : Electromagnetic waves carry energy. 

5. Assertion : The electromagnetic wave is transverse in 

nature. 

Reason : Electromagnetic wave propagates parallel to the 

direction of electric and magnetic fields. 

6. Assertion : The velocity of electromagnetic waves 

depends on electric and magnetic properties of the 

medium. 

Reason : Velocity of electromagnetic waves in free space 

is constant. 

7. Assertion : The basic difference between various types of 

electromagnetic waves lies in their wavelength or 

frequencies. 

Reason : Electromagnetic waves travel through vacuum 

with the same speed. 

8. Assertion : Microwaves are better carrier of signals than 

optical waves. 

Reason : Microwaves move faster than optical waves. 

9. Assertion : Infrared radiation plays an important role in 

maintaining the average temperature of earth. 

Reason : Infrared radiations are sometimes referred to as 

heat waves 

10. Assertion : Dipole oscillations produce 

electromagnetic waves. 

         Reason: Accelerated charge produces electromagnetic 

waves. 

11. Assertion: The frequencies of incident, reflected and 

refracted beam of monochromatic light incident from one 

medium to another are same. 

Reason: The incident, reflected and refracted rays are 

coplanar. 

12. Assertion: Sound waves can not travel in vacuum but 

light waves can travel in vacuum. 
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Reason: Sound waves are longitudinal waves and can not be 

polarized but electromagnetic waves are polarized and 

can be polarized. 

13. Assertion: Radio waves can be polarized. 

         Reason: Sound waves in air are longitudinal in nature. 

14. Assertion: The earth without its atmosphere would 

be inhospitably cold. 

Reason: All heat would escape in the absence of atmosphere. 

15. Assertion: EM Waves are transverse in nature 

Reason:  The electric and magnetic fields of an em wave 

perpendicular to each other and also perpendicular to the 

direction of wave propagation. 

16. Assertion : X-Rays astronomy is possible only from 

satellites orbiting the earth. 

           Reason: Efficiency of X-rays telescope is large as 

compared to any other telescope. 

17. Assertion: In em waves electric field and magnetic 

field lines are perpendicular to each other. 

          Reason: Electric field and magnetic field are self 

sustaining. 

18. Assertion: Electromagnetic radiations exert pressure. 

           Reason: Electromagnetic radiations carry both 

momentum and energy. 

19. Assertion: UV radiation cause damage to the ozone 

layer. 

         Reason: Ozone hole is resulting in global warming and 

climate change. 

20. Assertion: When a charged particle moves in a 

circular path, it produces em wave. 

         Reason: Charged particle has acceleration. 

 

CASE STUDY BASED QUESTIONS 
I. Gamma rays are used in radiotherapy to treat cancer. 

They spot the tumors. They kill the living cells and 

damage the malignant tumor. The gamma knife machine 
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is used for this purpose. The patient‘s head is enclosed in 

a helmet which focuses the narrow beam of gamma rays 

to target a tumor in the brain. 

1. What is the source of gamma rays? 

a. Radioactive decay of nucleus 

b. Hot bodies and molecules 

c. Klystron valve 

d. Accelerated motion of charged particles in a wire 

2. What is the other use of gamma rays? 

a. In aircraft navigation 

b. In telecommunications 

c. In sterilization of surgical items 

d.  In haze photography 

3. Which one of the following option has correct radiation 

order? 

a. Gamma> alpha> beta 

b. Alpha> beta > gamma 

c. Beta> alpha >gamma 

d. Gamma>beta > alpha 

4. Chose the correct order of increasing wavelength 

a. X- rays<gamma rays< radiowaves 

b. X- rays < radiowaves< gamma rays 

c. Radiowaves< X- rays<gamma rays 

d. X- rays<gamma rays< microwaves   

II. All the known radiations from big family of em waves 

which stretch over a large range of wavelengths. The 

orderly distribution of em waves in accordance with their 

wavelength or frequency into distinct groups having 

widely differing properties is called em spectrum. The 

main aprts of the em spectrum are gamma rays, x-rays, 

UV rays, visible light, infra red waves, microwaves and 

radiowaves in order of increasing wavelength. 

1. The correct option, if speeds of gamma rays, X-rays and 

microwave are Vg, Vx an Vm respectively will be. 

(a) Vg > Vx > Vm 
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(b) Vg < Vx < Vm 

(c) Vg > Vx > Vm 

(d) Vg = Vx = Vm 

2. The structure of solids is investigated using 

(a) Cosmic rays 

(b) X-rays 

(c) Gamma rays  

(d) Infra red radiation 

3.  Microwave oven acts on the principle of  

(a) Giving rotational energy to water molecules 

(b)Giving vibrational energy to water molecules 

(c) Giving translational energy to water molecules 

(d)Transferring electrons from lower to higher energy 

levels in water molecule 

4. The condition under which a microwave oven heats up a 

food item containing water molecules most efficiently, is 

(a) The frequency of microwaves must match the 

resonant frequency of water molecules. 

(b) Infrared radiations produce heating in a microwave 

oven. 

(c) Microwaves are heat waves, so always produce 

heating. 

(d) The frequency of the microwaves has no relation 

with the frequency of water molecules. 

 

III. X-rays are a form of em radiation, similar to visible 

light. Unlike, visible light, however X-rays have higher 

energy and pass through the most of the objects, 

including the body. Medical X-rays are used to generate 

images of tissues and structures inside the body. 

1. What is the most common way of production of X-rays? 

(a) Radioactive decay of nucleus 

(b) Vibration of atoms and molecules 

(c) Bombardment of  metal by high energy electrons 

(d) Magnetron valve 
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2. Which of the following equipments/instrument can detect 

X-rays? 

a. Photocells, photographic film 

b. Thermopiles, bolometer 

c. Photographic film, Geiger tube 

d. Geiger tube, human eye 

3. Where do X-rays fall in em spectrum? 

a. Between UV region and infrared region 

b. Between infrared and microwaves 

c. Between microwaves and radiowaves 

d. Between gamma rays and UV region 

 

4. What is the use of rays lying beyond X-rays region in the 

em spectrum? 

a. Used to kill microbes 

b. Used to detect heat loss in the insulated systems 

c. Used in standard broadcast radio and television 

d. Used in oncology, to kill cancerous cells 

 

IV. Green house 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 rest is absorbed and re-radiated by the green house 

gases.The  absorbed energy warms the atmosphere and 

the surface of earth. 

1. Which rays are known as heat waves? 

a. gamma rays 

b. radio waves 

c. infra red  

d. X-rays 

 2. Which of the following is not considered as naturally 

occurring green house gas? 

a. Metane 

b. CFCs 
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c. Carbon monoxide 

d. Nitrous oxide 

 3. Which of the following is the best method for the 

production of infrared rays? 

(a) Radioactive decay of nucleus 

(b) Vibration of atoms and molecules 

(c) Bombardment of  metal by high energy electrons 

(d) Magnetron valve 

4. Infrared radiations are the waves of _____ wavelength. 

a. Shorter 

b. Longer 

c. Infinite 

d. Zero 

V. Microwaves are used in aircraft navigation. A radar guns 

out a short bursts of microwaves and it reflects back from 

the oncoming aircraft and are detected by the receiver 

gun. The frequency of the reflected wave is used to 

compute the speed of incoming aircraft. 

1. How are microwaves produced? 

a. Radioactive decay of nucleus 

b. Vibration of atoms and molecules 

c. Bombardment of  metal by high energy electrons 

d. Magnetron  and klystron valve 

2. Which of the following is the use of microwaves? 

a. In treatment of cancer 

b. To observe change in blood flow 

c. To kill microbes 

d. Studying details of atoms and molecules 

3. Why are microwaves used for aircraft navigation? 

a. Due to low wavelength 

b. Due to high wavelength 

c. Due to lower frequency 

d. Due to their frequency modulation power 

4. Where do microwaves fall in em spectrum? 

a. Between UV region and infrared region 
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b. Between infrared and visible 

c. Between infrared and radiowaves 

d. Between gamma rays and UV region 

Answer Key (1 Mark) 
1. Name of the part: Microwave 

Applications :It is used in radar communication, It is used 

in microwave ovens, It is also used in analysis of fine 

details of molecular and atomic structure. 

2. Radiowaves, microwaves, UV-rays and X-rays. 

3. (1) Micro-waves (2) Gamma-rays 

4. X-rays frequency range : 10
17

 Hz to 10
20

 Hz 

5. γ-rays are the electromagnetic waves of frequency range 

3 × 10
18

 Hz to 5 × 10
22

 Hz and have the highest 

penetrating power. 

6. Ultraviolet rays are absorbed from sunlight by ozone 

layers. 

7. Microwave region of electromagnetic spectrum is used in 

radar systems. 

8. Name : X-rays 

Use : In medical diagnosis to look for broken bones; 

treatment study of crystal structure. 

9. X-rays have the shortest wavelength. 

10. Decreasing order ➝ Radio waves, Infrared light, 

Blue light, X-rays. 

11. The direction of electric field vector is along X-axis. 

Magnetic field vector is along Y-axis. 

12. The electric field and magnetic field vectors are in 

YZ-plane in the Y-direction and Z-direction respectively. 

13. The electric field and magnetic field vector are in 

ZX-plane in the X-direction and Z-direction respectively. 

14. Radio waves are produced by the accelerated motion 

of charges in conducting wires. 

15. X-rays are produced by sudden deceleration or 

acceleration of electrons in an X-ray tube. 
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16. Microwaves are produced by Klystron valve or 

magnetron valve. 

17. Speed/Velocity of light remains the same. 

18. The oscillations of E→ and B→ fields are 

perpendicular to each other as well as to the direction of 

propagation of the wave. 

19. Frequency remains unchanged 

Answer Key (2 Marks) 
20. The name of radiations is ultraviolet radiation. Its 

frequency range is 10
15

 to 10
17

 Hz. 

21. A wave of frequency 5 × 10
19

 Hz belongs to γ-rays 

region of electromagnetic spectrum. 

22. Infra-red region of electromagnetic spectrum. 

23. Due to their short wavelengths, microwaves are 

considered suitable for radar systems in aircraft 

navigation. 

24. Given: By = 8 × 10
-6

 sin [2 × 10
11

 t + 300 π x] T 

(i) Standard equation is, 

 
The oscillations of E→ and B→ fields are perpendicular to 

each other as well as to the direction of propagation of the 

wave. So we take electric field in z-direction because 

oscillating magnetic field is in y-di recti on and 

propagation of the wave is in x-direction. 
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25. (a) We compare the given expression with 

 
26. As the charge q moves accelerating, the electric field 

and magnetic field produced will change the space and 

time E and B varying with time produced the other field 

B and E respectively and sustain the E.M. pattern.This is 

from the interpretation of Maxwell supported by 

 
27. In ascending order of their frequencies : 

Radiowave < Microwave < X-rays < Gamma rays. 

Two uses of microwaves are : 

1. In microwave ovens. 

2. In aircraft navigation. 

28. Sketch of a plane electromagnetic wave propagating 

along the z-direction with oscillating electric field E 

along the x-direction and the oscillating magnetic field B 

along the y-direction. 
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29. Infrared rays are produced by hot bodies and 

molecules. This may involve vibration and bending of 

molecules. Infrared band lies adjacent to low-frequency 

or long-wavelength end of the visible spectrum. Infrared 

waves are sometimes referred to as heat waves. 

Use: Infrared rays are used to take photographs in darkness. 

These are also used to study secret writing. They are also 

used in physical therapy. 

30.  

 
31. (a) Electromagnetic Waves : Accelerating electric 

charge produces electromagnetic waves. 

(b) Einstein‘s explanation of photoelectric effect led de 

Broglie to the wave-particle duality, i.e., matter exhibits 

wave as well as particle properties. 

 Electromagnetic waves are characterised by wave 

properties, such as periodicity in space-time, wavelength, 

amplitude, frequency, wave velocity etc. It transports 

energy but no matter. 

The term wave-particle duality refers to the behaviour where 

both wave-like and particle-like properties are exhibited 

under different conditions by the same entity. Hence 

electromagnetic waves show particle properties such as 

definite position, size, mass, velocity, momentum, energy 

etc.For a photon of momentum (p), an associated 

wavelength is given by λ=hp. 

32. (a) Arrangement: 
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1. Microwaves 

2. Infra-red rays 

3. Ultra-violet radiation 

4. Gamma rays 

(b) Uses : 

1. Microwaves are used in radar system. 

2. Infra-red rays are used for protecting dehydrated fruits. 

3. Ultra-violet rays are used in the study of molecular 

structure. 

4. Gamma rays are used to kill micro-organisms in food 

industry 

33.   

1. γ-rays 

2. Ultraviolet rays 

3. Infrared rays 

Mode of production 

1. γ-rays are produced by radioactive decay of nucleus. 

2. Ultraviolet rays are produced when inner shell electrons 

in atoms move from one energy level to an other energy 

level. 

3. Infrared rays are produced due to vibration of atoms and 

molecules. 

34. For the e.m. wave, propagating along the z-axis, we 

have 

 
The two possible forms for electric and magnetic fields 

are : 

 

The peak values of these two fields are related by 
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35. (i) Y1 ➝ Microwaves 

Applications : Microwaves are used in Microwave ovens, 

Aircraft Navigators etc. 

(ii) Y2 ➝ Ultraviolet waves 

Applications : Ultraviolet rays are used in sterilizing 

surgical instruments, food preservation etc. 

36. (a) X-rays—Used in medical science for the purpose 

of detection of fractures, stones in gall bladder, stones in 

kidney etc. 

(b) Microwaves—Used in radar systems for aircraft 

navigation. 

37. (a) Uses of X-Rays and Gamma rays : 

X-rays are used as a diagnostic tool in medicine and as a 

treatment for certain forms of cancer. Gamma rays are 

used in medicine to destroy cancer cells. 

(b) Uses of Infrared, visible and microwaves : 

 Infrared waves are widely used in remote switches of 

household electronic systems such as remotes for TVs, 

video recorders etc. 

 Visible rays provide us information about the world. 

 Microwaves are used in the radar systems in aircraft 

navigation. 

Answer key (3 Marks) 
38. (a) 10

-3
 nm : γ-rays 

Application : 

1. γ-rays are used in the treatment of cancer and tumour. 

2. γ-rays are used in radiation therapy. (any one) 

(b) 10
-3

m : Microwave 

Application : Microwaves are used in Radar systems for 

aircraft navigation. 

(c) 1 nm : X-rays Application : 

1. Infra-red waves are used for taking photographs during 

the conditions of fog, smoke etc. 
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2. These are also used as a diagonostic tool for the detection 

of fractures, (any one) 

39. (a) 1 mm : Microwaves 

Application : In aircraft navigation for the radar system. 

Also used in microwave ovens. 

(b) 10
-12

 m : Gamma rays 

Application : Gamma rays are used as medicine to 

destroy cancer cells 

(c) 10
-8

 m : Ultraviolet rays 

Application : Ultraviolet rays are used in LASIK eye 

surgery. 

40. (a) 

1. Along z-direction. 

2. Velocity of propogation will be, C=E0B0 

(b) Photoelectric effect shows the particle nature of 

electromagnetic waves. As such the photons carry energy 

and momentum. The energy is given by 

 
41. (a) Microwaves are used in radar systems. Its 

frequency range : 10
10

 to 10
12

 Hz 

(b) In the absence of earth‘s atmosphere, there would have 

no ozone layer to prevent ultraviolet radiations reaching 

the earth, the temperature on earth‘s surface would have 

been lower due to green house effect, making it difficult 

for human survival. 

(c) Since em wave carries both energy and momentum, 

hence exerts pressure on the surface on which it is 

incident. 

An em wave exerts negligibly very small pressure on the 

surface on which it is incident. 

It is due to the fact that momentum of the photon is 

extremely small, which can be 
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calculated by de-Broglie relation (λ=hp) 

 
42. (a) Gamma (γ) rays are used for the treatment of 

certain forms of cancer. Their frequency range is 10
18

 Hz 

to 10
22

 Hz. 

(b) The thin ozone layer on top of stratosphere absorbs most 

of the harmful ultraviolet rays coming from the Sun 

towards the Earth. They include UVA, UVB and UVC 

radiations, which can destroy the life system on the Earth. 

Hence, this layer is crucial for human survival. 

(c) Thus, the amount of the momentum transferred by the 

em waves incident on the surface is very small, because 

of small value of planks constant. For example, an 

electromagnetic wave of wavelength 1.00 nm will 

provide momentum (p) according to de-Broglie‘s 

relation, 

 
It is extremely small value of the momentum. 

43. (a) γ-rays; Frequency range : 10
18

 Hz to 10
22

 Hz 

(b) Because to protect eyes from intense ultra-violet 

radiations produced during welding; and also to protect 

from glare and flying sparks. 

(c) Because infrared waves are em waves of higher 

wavelength (less frequency) and are produced by highly 

vibrating molecules of hot bodies. 

Applications : 

1. used in the remote switches of household electronic 

systems. 

2. used for protecting dehydrated fruits. 

3. used in solar water heaters and cookers. (Any one) 
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44. (i) Consider a plane perpendicular to the direction of 

propagation of the wave. An electric charge, on the plane, 

will be set in motion by the electric and magnetic fields 

of em wave, incident on this plane. This illustrates that 

em waves carry energy and momentum. 

(ii) Microwaves are produced by special vacuum tubes like 

the Klystron/Magnetron/Gunn diode. 

In microwave ovens, the frequency of microwaves is 

selected to match the resonant frequency of water 

molecules, so that energy is transferred efficiently to the 

kinetic energy of the molecules. 

(iii) Important uses of infra-red waves : 

1. These are associated with the green house effect. 

2. These are used in remote switches of household 

electrical appliances. 

45. (a) Microwaves 

Production : Klystron/magnetron 

(b) Infrared Radiations 

Production ; Hot bodies/vibrations of atoms and 

molecules. 

(c) X-Rays 

Production : Bombarding high energy electrons on a 

metal target. 

46.  

 e.m. waves in the wavelength range 10 nm to 10
-3

 nm are 

X-rays. 

 X-rays are generated by bombarding a metal target with 

high energy electrons. 

Uses : 

1. Diagnosis of bone fractures. 

2. Treatment of some forms of cancer. 

47. (i)e.m. waves having a wavelength range 0.1 m to 1 

mm are MICROWAVES. (ii)Microwaves are generated 

by special vacuum tubes such as klystron, magnetron and 

gunn diodes. 
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(iii)Microwaves are used in : 

 Radar system in aircraft navigation 

 Ovens for heating and cooking. 

48. (i) E.M. waves having a wavelength range 10
-7

 m to 

10
-9

 m are ultra violet rays. 

(ii) Sun is an important source of UV rays. Some special 

lamps and very hot bodies also produce UV rays. 

Uses : 

 UV rays are used in lasik eye surgery. 

 UV lamps are being used to kill germs in water purifiers. 

49. Gamma rays 

50. Infrared waves 

51. Uses (i) RADAR communication, (ii) analyzing 

molecular and atomic structure 

52. Uses (i) knowing molecular structure, (ii) in remote 

control of TV, VCR etc. 

53. Any three 

Answer Key (MCQs) 

S. NO. Correct 

option 

 S. NO. Correct 

option 

1 C 16 C 

2 B 17 A 

3 B 18 D 

4 B 19 A 

5 B 20 D 

6 D 21 D 

7 C 22 C 

8 D 23 A 

9 C 24 B 

10 D 25 A 

11 C 26 A 

12 C 27 C 

13 C 28 A 

14 A 29 B 
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15 C 30 D 

Answer Key (ASSERTION REASON) 
 S. NO. Correct 

option 

 S. NO. Correct 

option 

1 A 11 B 

2 C 12 B 

3 B 13 B 

4 A 14 A 

5 C 15 A 

6 B 16 C 

7 A 17 B 

8 D 18 A 

9 B 19 B 

10 A 20 A 

    

I.CASE STUDY II.CASE STUDY 

 S. NO. Correct 

option 

S. NO. Correct option 

1 A 1 D 

2 C 2 B 

3 D 3 B 

4 C 4 A 

III. CASE STUDY  IV.CASE STUDY 

S. NO. Correct 

option 

S. NO. Correct option 

1 C 1 C 

2 C 2 B 

3 D 3 B 

4 D 4 B 

V. CASE STUDY     

S. NO. Correct 

option 

1 D 

2 D 

3 A 

4 C 

 



37 
 

Chapter 9: Ray Optics and Optical Instruments 

Gist 

1. Refraction 

2. Total Internal Reflection 

3. Refraction at Spherical Surfaces and by Lenses 

4. Refraction through a Prism 

5. Dispersion by a Prism 

6. Optical Instruments. 

                                                 QUICK RECAP 

Optics: It is the branch of physics which deals with the study 

of light and the phenomena associated with it. It is 

divided into two branches: X Geometrical optics or ray 

optics physical optics or wave optics 

 Geometrical optics or ray optics: It treats propagation of 

light in terms of rays and is valid only if wavelength of 

light is much lesser than the size of obstacles. It deals 

with the formation of images by ordinary geometrical 

methods and the laws of reflection and refraction. 

Refraction of light: When a ray of light passes from one 

medium to another, in which it has 

a different velocity, there occurs a change in the direction of 

propagation of light except when it strikes the surface of 

separation of two media normally. This bending of a ray 

of light is known as refraction. 

The angles made by the incident ray and the refracted ray 

with the normal to the separating surface at the point of 

incidence are known as the angles of incidence and of 

refraction 

respectively. 

 Laws of refraction: the two laws of refraction are as follows 

:the incident ray, the normal and the refracted ray all lie 

in the same plane 
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.the ratio of the sine of angle of incidence to the sine of 

angle of refraction for any two media is constant for a 

light of definite colour.  µis constant .µ= sini/sinr. 

Total internal reflection:The phenomenon of reflection of 

light when a ray of light traveling from a denser medium 

is sent back to the same denser medium provided the 

angle of incidence is greater than the angle called critical 

angle is called total internal reflection. 

 
Conditions:-1. Light should travel from a denser to a rarer 

medium. 

2. Angle of incidence in denser medium should be greater 

than the critical angle for the pair of media in contact. 

Applications of total internal reflection 

1. The brilliance of diamond is due to the phenomenon of 

total internal reflection. 

2. Mirages in deserts are also due to total internal reflection. 

3. Totally reflecting prism 

4. The working of optical fibre is based on the phenomenon 

of total internal reflection. 

Refraction from a spherical surfaces: 



39 
 

 
Lens Makers formula- 

 

 
Lens Formula: 1/f = 1/ v – 1/u  

Lens In Combination:- 

 
P = P1 + P2 

REFRACRION THROUGH PRISM 

 

 
COMPOUND MICROSCOPE- 
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ASTRONOMICAL TELESCOPE-  

 

 
 

 

REFLECTING TELESCOPE- 
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Short Answer Question (1 marks) 

1. 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? 

2. 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 media would the velocity of light 

be minimum? 

3. When monochromatic light travels from one medium to 

another its wavelength changes but frequency remains the 

same. Explain. 

4. State the criteria for the phenomenon of total internal 

reflection of light to take place? 

5. A concave lens of refractive index 1.5 is immersed in a 

medium of refractive index 1.65.What is the nature of the 

lens? 

6. 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. 
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7. A biconcave 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. 

8. A ray of light falls on a transparent sphere with centre C 

as shown in the figure. ray emerges from the sphere 

parallel to the line AB. Find the angle of refraction at A if 

refractive index of the material of the sphere is 3 . 

9. When red light passing through a convex lens is replaced 

by light of blue colour, how will the focal length of the 

lens change?  

10. 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? 

11. How does focal length of a lens change when red 

light incident on it is replaced by violet light? Give 

reason for your answer. 

12. Two thin lenses of power –4 D and 2 D are placed in 

contact coaxially. Find the focal length of the 

combination.  

13. A glass lens of refractive index 1.45 disappears when 

immersed in a liquid. What is the value of refractive 

index of the liquid?  

14. A converging lens is kept coaxially in contact with a 

diverging lens, both the lenses being of equal focal 

lengths. What is the focal length of the combination?  

15. Two thin lenses of power + 6 D and –2 D are in 

contact. What is the focal length of the combination?  

16. 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 make the lens disappear? 

17. Write the relationship between angle of incidence ‗i‘, 

angle of prism ‗A‘ and angle of minimum deviation dm 

for a triangular prism. 
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18. How does the angle of minimum deviation of a glass 

prism vary, if the incident violet light is replaced with red 

light? 

19. You are given following three lenses. Which two 

lenses will you use as an eyepiece and as an objective to 

construct an astronomical telescope? 

Lenses             Power (P)                         Aperture (A) 

L1                         3 D                                     8 cm 

L2                         6 D                                     1 cm 

L3                        10 D                                   1 cm 

20. When viewing through a compound microscope, our 

eyes should be positioned not on the eyepiece but a short 

distance away from it for best viewing. Why? How much 

should be that short distance between the eye and 

eyepiece? 

                Short Answer Type SA-(2 Marks) 
1. How does the refractive index of a transparent medium 

depend on the wavelength of incident light used? 

Velocity of light in glass is 2 X 10
8
 m/s and in air is 3 

X10
8
 m/s. If the ray of light passes from glass to air, 

calculate the value of critical angle.  

2. (a) Write the necessary conditions for the phenomenon of 

total internal reflection to occur.  

(b) Write the relation between the refractive index and 

critical angle for a given pair of optical Media. 

3. 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‘. 

4. An equi-convex lens of focal length ‗f‘ is cut into two 

identical plane convex lenses. How will the power of 

each part be related to the focal length of the original 
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lens? A double convex lens of +5 D is made of glass of 

refractive index 1.55 with both faces of equal radii of 

curvature. Find the value of its radius of curvature. 

5. A convex lens of focal length 25 cm is placed coaxially in 

contact with a concave lens of focal length 20 cm. 

Determine the power of the combination. Will the system 

be converging or diverging in nature?  

6. A convex lens of focal length f1 is kept in contact with a 

concave lens of focal length f2. Find the focal length of 

the combination.  

7. A beam of light converges at a point P. A concave lens of 

focal length 16 cm is placed in the path of this beam 12 

cm from P. Draw a ray diagram and find the location of 

the point at which the beam would now converge. 

8. Find 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.  

9. A convex lens of refractive index 1.5 has a focal length of 

18 cm in air. Calculate the change in its focal length 

when it is immersed in water of refractive index 4/3. 

10. What are optical fibres? Give their one use?  

11. What is mirage? On what principal it is based on? 

12. the following table gives the values of the angle of 

deviation, for different values of the angle of  incidence, 

for a triangular prism : 

Angle of Incidence 33°  38°  42°  52°  60°  71° 

Angle of Deviation    60° 50°  46°  40°  43°  50° 

(a) For what value of the angle of incidence, is the angle of 

emergence likely to be equal to the angle  of incidence 

itself? 

(b)  Draw a ray diagram, showing the passage of a ray of 

light through this prism when the angle of incidence has 

the above value. 
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13. Define refractive index of a transparent medium. A ray of 

light passes through a triangular prism. Plot a graph 

showing the variation of the angle of deviation with the 

angle of incidence 

14. (a) Why does white light disperse when passed through a 

glass prism?  

(b)Using lens maker‘s formula, show how the focal length of 

a given lens depends upon the colour of light incident on 

it.  

15. Violet colour is seen at the bottom of the spectrum when 

white light is dispersed by a prism State reasons to 

explain these observations 

16. What is dispersion of light ? What is its cause ? 

17. Write the conditions for observing a rainbow. Show by 

drawing suitable diagrams, how one understands the 

formation of a rainbow. 

18. The bluish colour Predominantes in clear sky why? 

19. 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 

20. A small telescope has an objective lens of focal length 

150 cm and eyepiece of focal length 5 cm. What is the 

magnifying power of the telescope for viewing distant 

objects in normal adjustment.   If this telescope is used to 

view a 100 m tall tower 3 km away, what is the height  of 

the image of  the tower formed by the objective lens 

21. Draw a schematic arrangement of a reflecting telescope 

(Cassegrain) showing how rays coming from a distant 

object are received at the eye-piece. Write its two 

important advantage over a refracting telescope.  

22. 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 lens? 

Give reason. 
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23. The angle subtended at the eye by an object is equal to 

the angle subtended at the eye by the virtual image 

produced by a magnifying glass. In what sense then does 

a magnifying glass provide angular magnification? 

24. In viewing through a magnifying glass, one usually 

positions one‘s eyes very close to the lens. Does angular 

magnification change if the eye is moved back? 

25. Magnifying power of a simple microscope is inversely 

proportional to the focal length of the lens. What then 

stops us from using a convex lens of smaller and smaller 

focal length and achieving greater and greater magnifying 

power?  

26. On what factor refractive index depends.  

27. A virtual image, we always say, cannot be caught on a 

screen. Yet when we‘see‘a virtual image, we are 

obviously bringing it on to the ‗screen‘ (i.e., the retina) of 

our eye. Is there a contradiction? 

28. A diver under water, looks obliquely at a fisherman 

standing on the bank of a lake. 

 Does the apparent depth of a tank of water change if 

viewed obliquely? if so, does the apparent depth increase 

of decrease? 

29. The refractive index of diamond is much greater than that 

of ordinary glass. is this fact of some use to a diamond 

cutter? 

30. The image of a small electric bulb fixed on the wall of a 

room is to be obtained on the opposite wall 3 m away by 

means of a large convex lens. What is the maximum 

possible focal length of the lens required for the purpose? 

Long Answer Type LA-(3 Marks) 

1. Define the term ‗critical angle‘ for a pair of media. A 

point source of monochromatic light ‗S‘ is  kept at the 

centre of the bottom of a cylinder of radius 15.0 cm. the 

cylinder contains  water (refractive index 4/3) to a height 
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of 7.0 cm. Draw the ray diagram and calculate the area  of   

water surface through which the light emerges in air. 

2. Designed prisms make use of total internal reflection to 

obtain inverted image of the object by deviating rays (i) 

through 90° and (ii) through 180°. 

3. A convex lens of focal length 20 cm is placed coaxially 

with a convex mirror of radius of curvature 20 cm. the 

two are kept at 15 cm from each other. A point object lies 

60 cm in front  of the convex lens. Draw a ray diagram to 

show the formation of the image by   the combination. 

Determine the nature and position of the image formed. 

4. Define power of a lens. Write its units. Deduce the 

relation 1/f =  1/f1+ 1/f 2 for two thin lenses kept in 

contact coaxially. 

5. Draw a ray diagram to show the formation of the image 

of an object placed on the axis of a  convex refracting 

surface of radius of curvature ‗R‘, separating the two 

media of refractive indices ‗n1‘ and ‗n2‘ (n2 > n1). Use 

this diagram to deduce the relation                                

n2/v – n1/u = n2- n1/R     

where  u and v represent respectively the distance of the 

object and the image . 

6. A convex lens made up of glass of refractive index 1.5 is 

dipped, in turn, in (i) a medium of refractive index 1.65, 

(ii) a medium of refractive index 1.33.  

(a) Will it behave as a converging or a diverging lens in the 

two cases? 

(b) How will its focal length change in the two media? 

7. A convex lens of refractive index 1.5 has a focal length of 

20 cm in air. Calculate the change in its focal length 

when it is immersed in water of refractive index 4/3.  

8. A double convex lens of glass of refractive index1.6 has 

its both surface of equal radii of curvature of 30 cm each. 

An object of height 5 cm is placed at a distance of 12.5 

cm from the lens. Calculate the size of the image formed. 
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9. An illuminated object and a screen are placed 90 cm 

apart. Determine the focal length and nature of the lens 

required to produce a clear image on the screen, twice the 

size of the object. 

10. A point object is placed in front of a double convex 

lens (of refractive index n = n2/n1 with respect to air) 

with its spherical faces of radii of curvature R1 and R2. 

Show the path of rays due to refraction at first and 

subsequently at the second surface to obtain the 

formation of the real image of the object. Hence obtain 

the lens-maker‘s formula for a thin lens. 

11. Three light rays red (R), green (G) and blue (B) are 

incident on the right angled prism a b c at face ab. The 

refractive indices of the material of the prism for red, 

green and blue wavelengths are respectively 1.39, 1.44 

and 1.47. Trace the paths of these rays reasoning out the 

difference in their behaviour. 

 
12. A ray of light, incident on an equilateral glass prism 

(µ=√ ) moves parallel to the base line of the prism inside 

it. Find the angle of incidence for this ray. 

13. Draw a ray diagram to show refraction of a ray of 

monochromatic light passing through a glass prism. 

Deduce the expression for the refractive index of glass in 

terms of angle of prism and angle of minimum deviation. 

14. Draw a plot showing the variation of power of a lens 

with the wavelength of the incident light. A diverging 

lens ofrefractive index 1.5 and of focal length 20 cm in 

air has the same radii of curvature for both sides. If it is 

immersed in a liquid of refractive index 1.7, calculate the 

focal length of the lens in the liquid. 
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15. (i) A giant refracting telescope has an objective lens 

of focal length 15 m. If an eye piece of focal length 1.0 

cm is used, what is the angular magnification of the 

telescope? 

(ii) If this telescope is used to view the moon, what is the 

diameter of the image of the moon  formed by the 

objective lens? The diameter of the moon is 3.48 × 106 m 

and the radius  of  lunar orbit is 3.8 × 10
8
 m. 

16.  Which two of the following lenses L1, L2, and L3 

will you select as objective and eyepiece for constructing 

best possible (i) telescope (ii) microscope? Give reason to 

support your answer.  

          Lens                   Power (P)             Aperture (A) 

            L1                        6 D                        1 cm 

            L2                        3 D                        8 cm 

           L3                         10 D                      1 cm 

17. (a) Draw a labelled ray diagram showing formation 

of a final image by a compound microscope at least 

distance of distinct vision. 

(b) The total magnification produced by a compound 

microscope is 20. The magnification produced by the eye 

piece is 5. The microscope is focussed on a certain object. 

The distance  between the objective and  eyepiece is 

observed to be 14 cm. If least distance of distinct vision is 

20 cm, calculate the focal length of the objective and the 

eye piece.  

18.  (i) Draw a schematic labelled ray diagram of a 

reflecting type telescope. 

 (ii) Write two important advantage justifying why reflecting 

type telescopes are prefer over refracting telescopes. 

 (iii) The objective of a telescope is of large focal length and 

of larger aperture (compared  to the eyepiece). Why? 

Give reasons. 

19.  (a) A small telescope has an objective lens of focal 

length 140 cm and an eyepiece of focal length 5.0 cm. 
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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. 

 (b) Also find the separation between the objective lens and 

the eye piece in normal adjustment.  

20.  Draw a ray diagram showing the image formation 

by a compound microscope when the final image is 

formed at the normal adjustment and derive expression 

for magnifying power. 

21. Two convex lenses of focal length 10 cm and 1 cm 

constitute a telescope. The telescope is focussed on a 

point which is 1m away from the objective. Calculate the 

magnification produced and the length of the tube, if the 

final image is formed at a distance of 25 cm from the 

eyepiece. 

22. (a) Draw a neat labelled ray diagram of an 

astronomical telescope in normal adjustment. 

    (b) Derive its magnifying power.  

23. a) How is the working of a telescope different from 

that of a microscope? 

b) The focal lengths of the objective and eyepiece of a 

microscope are 1.25 cm and 5 cm respectively. Find the 

position of the object relative to the objective in  order to 

obtain an angular magnification of 30 in normal 

adjustment.. 

24. Monochromatic light of wavelength 589 nm is 

incident from air on a water surface. If for water is 1.33, 

find the wavelength, frequency and speed of the refracted 

light. 

25. Explain, with the help of a ray diagram, the working 

of an astronomical telescope. the magnifying power of a 

telescope in its normal adjustment is 20. If the length of 
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the   telescope is 105 cm in this adjustment, find the focal 

lengths of the two lenses. 

26. A ray PQ incident normally on the refracting face 

BA is refracted in the prism BAC made of material of 

refractive index 1.5. Complete the path ray through the 

prism. From which face will the ray emerge? justify your 

answer. 

 
27. Explain the following, giving reasons : 

I. 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. 

II. When light travels from a rarer to a denser medium, the 

speed decreases.  Does this decrease in speed imply a 

reduction in the energy carried by the wave? 

28. (I). The line AB in the ray diagram of the given 

figure represents a lens. State whether the lens 

represented by AB is convex or concave? 

 
(II) You are given three lenses each of focal length20 cm 

.An object is kept at 40 cm in front of L1. The final real 
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image is formed at the focus of  L3.  Find the separation 

between the lenses. 

29. A small pin fixed on a table top is viewed from 

above from a distance of 50 cm. By what distance would 

the pin appear to be raised if it is viewed from the same 

point through a 15 cm thick glass slab held parallel to the 

table? Refractive index of glass = 1.5. Does the answer 

depend on the location of the slab? 

30. Answer the following question: 

(a) Magnifying power of a simple microscope is inversely 

proportional to the focal length of the lens. What then 

stops us from using a convex lens of smaller and smaller 

focal length and achieving greater and greater magnifying 

power? 

(c) A tank is filled with water to a height of 12.5 cm. The 

apparent depth of a needle lying at the bottom of the tank 

is measured by a microscope to be 9.4 cm. What is the 

refractive index of water? If water is replaced by a liquid 

of refractive index 1.63 upto the same height, by what 

distance would the microscope have to be moved to focus 

on the needle again? 

 

Multiple Choice Questions 
1. Suppose while sitting in a parked car, you notice a jogger 

approaching towards you in the rear view mirror of R = 2 

m. If the jogger is running at a speed of 5 ms
-1

, how fast 

is the image of the jogger moving, when the jogger is 39 

m away ? 

   (a)1/150 m/s   (b) 1/150 m/s   (c) 

1/150 m/s   (d)none of these 

2. In optical fibers, propagation of light is due to  

 (a) diffraction   (b) total internal reflection   (c) 

reflection    (d) refraction  
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3. In figure the points C1 and C2 denote the centres of curvatures 

then the focal length of the thin lens (μ=1.5) is 

 
(a)       10cm                                 (b) 20 cm   (c)

 30 cm  (d)40 cm 

4. The optical length of an astronomical telescope with 

magnifying power of 10, for normal vision is 44cm. What 

is focal length of the objective? 

 (a)   40 cm    (b) 440cm   (c) 42 

cm (d)none of these 

5. The angle of prism is 60° and angle of deviation is 30°. In 

the position of minimum deviation, the values of angle of 

incidence and angle of emergence are: 

 (a) i = 45°; e = 50°  (b) i = 30°; e = 45°  (c) i = 45°; e = 

45°  (d) i = 30°; e = 30° 

6. If the refractive index of a material of equilateral prism is 

√ 3 then angle of minimum deviation of the prism is   

(a) 60°    (b) 45°   (c) 30°   (d) 75° 

7. Air bubble in water behaves as 

(a) sometimes concave, sometimes convex lens 

(b) concave lens 

(c) convex lens 

(d) always refracting surface 
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8. The length of an astronomical telescope for normal vision 

(relaxed eye) will be 

 
9. A metal coin is at bottom of a beaker filled with a liquid 

of refractive index = 4/3 to height of 6 cm. To an 

observer looking from above the surface of liquid, coin 

will appear at a depth 

(a) 1.5 cm  (b) 6.75 cm  (c) 4.5 cm 

 (d) 7.5 cm 

10. If a convex lens of focal length 80 cm and a concave 

lens of focal length 50 cm are combined together, what 

will be their resulting power? 

(a) + 6.5 D (b) – 6.5 D  (c) + 7.5 D 

 (d) – 0.75 D 

11. In an experiment to find focal length of a concave 

mirror, a graph is drawn between the magnitude of u and 

v. The graph looks like 

 
12. A double convex lens of refractive index µ1 is 

immersed in a liquid of refractive index µ2. The lens will 

act as transparent plane sheet when 

(a) µ1 = µ2 (b) µ1 > µ2 (c) µ1 < µ2 (d) µ1 = 1/μ2 

13. For a total internal reflection, which of the following 

is correct? 
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(a) Light travels from rarer to denser medium. 

(b) Light travels from denser to rarer medium. 

(c) Light travels in air only. 

(d) Light travels in water only. 

14. Two beams of red and violet color are made to pass 

separately through a prism (angle of the prism is 60°). In 

the position of minimum deviation, the angle of refraction 

will be 

(a) 30° for both the colors 

(b) greater for the violet color 

(c) greater for the red color 

(d) equal but not 30° for both the colors 

15. An astronomical refractive telescope has an objective 

of focal length 20 m and an eyepiece of focal length 2 

cm. Then 

(a) the magnification is 1000 

(b) the length of the telescope tube is 20.02 m 

(c) the image formed of inverted 

(d) all of these 

16. You are given four sources of light each one 

providing a light of a single colour – red, blue, green and 

yellow. Suppose the angle of refraction for a beam of 

yellow light corresponding to a particular angle of 

incidence at the interface of two media is 90°. Which of 

the following statements is correct if the source of yellow 

light is replaced with that of other lights without changing 

the angle of incidence?  

(a) The beam of red light would undergo total internal 

reflection. 

(b) The beam of red light would bend towards normal 
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while it gets refracted through the second medium. 

(c) The beam of blue light would undergo total internal 

reflection. 

(d) The beam of green light would bend away from the 

normal as it gets refracted through the second medium. 

17. The direction of ray of light incident on a concave 

mirror is shown by PQ while directions in which the ray 

would travel after reflection is shown by four rays 

marked 1, 2, 3 and 4. Which of the four rays correctly 

shows the direction of reflected ray? 

 
(a) 1   (b) 2   (c) 3  

  (d) 4 

18. 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? 

   (a)     It will decreases   (b) It will increases 

(c) It will remain same (d) None of these 

19. A fish is a little way below the surface of a lake. If the critical 

angle is 49o, then the fish could see things above the water 

surface within an angular range at θo where 
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.  

(a) θ = 49°    (b) θ = 98°    (c) θ = 90°   (d) 24.5° 

20. The power of a thin convex lens of glass is 5 D. 

When it is immersed in a liquid, then it behaves like a 

divergent lens of focal length 100 cm. The refractive 

index of the liquid is: 

(Given, refractive index of glass = μ = 1.5) 

(a) 3/5  (b) ½  (c) 2/3  (d) 5/3 

21. An equiconvex lens of focal length f and power P is 

cut into two halves in thickness. The focal length and 

power of each half is 

(a) f/2  (b) 2f    (c) f  

  (d) zero 

22. The magnifying power of an astronomical telescope 

in normal adjustment is 100. The distance between the 

objective and the eyepiece is 101 cm. The focal length of 

the objectives and eyepiece is 

(a) 10 cm and 1 cm respectively 

(b) 100 cm and 1 cm respectively 

(c) 1 cm and 100 cm respectively 

(d) 1 cm and 10 cm respectively 

23. Angle of minimum deviation for a prism refractive 

index 1.5 is equal to the angle of the prism. Then the 

angle of prism _______ (given, sin 48° 36' = 0.75)  

(a) 62°   (b) 82°   (c) 60°  

 (d) 41° 

24. The dispersive power will be maximum for 

(a) Flint glass   (b) Crown glass 

(c) Mixture of glass  (d) None of these 
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25. Which two of the following lenses L1, L2 and 

L3 will you select as objective and eyepiece for 

constructing best possible (i) telescope,  

Lens 
Power 

(P) 

Aperture 

(A) 

L1 3D 8 cm 

L2 6D 1 cm 

L3 10D 1 cm 

 

(a)L1 as objective L3 as eye piece       (b) L2 as 

objective L3 as eye piece   (c) L3 as objective L2 as eye 

piece       (d) none of these 

26. An optical instrument uses a lens of power 100 D for 

objective lens and 50 D for its eyepiece. When the tube 

length is kept at 25 cm. the final image is formed at 

infinity.Calculate the magnification produced by the 

instrument. 

   (a)  312.5 cm     (b)300cm  (c) 450 

cm    (d)100 cm 

27. A ray PQ is incident normally on the face AB of a 

triangular prism of refracting angle of 60°, made of a 

transparent material of refractive index 2/√3, as shown in 

the figure. Trace the path of the ray as it passes through 

the prism. Calculate the angle of emergence  
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(a) 90

0
       (b) 60

0
       (c) 30

0
      

  (d) 45
0
      

28. An astronomical telescope uses two lenses of power 

10 D and 1 D. What is its magnifying power in the 

normal adjustment?  

   (a)  -10 cm     (b) -21 cm  (c)-20 cm 

  (d)1 cm 

29. You are given two converging lens 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. 

(a) 6.25 cm        (b) 4.02 cm  (c) 10 cm 

 (d) 5 cm 

30. Two lenses of power +15D and -5D are in contact 

with each other forming a combination lens what is the 

focal length of this combination? 

   (a)   20 cm    (b) 10 cm  (c) 15 cm 

 (d)  none of these 

Assertion Reason Type questions 
In each of the following questions, a statement of Assertion 

(A) is given followed by a corresponding statement of 

Reason(R) just below it. Of the statements, mark the 

correct answer as   

(a) If both assertion and reason are true, and reason is the 

true explanation of the assertion. 
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(b) If both assertion and reason are true but reason is the true 

explanation of the assertion. 

(c) If assertion is true, but reason is false. 

(d) If both assertion and reason are false. 

1. Assertion : A ray of light is incident from outside on a 

glass sphere surrounded by air. This ray may suffer total 

internal reflection at second interface. 

Reason : If a ray of light goes from denser to rarer 

medium, it bends away from the normal. 

2. Assertion : The focal length of the convex mirror will 

increase, if the mirror is placed in water. 

Reason : The focal length of a convex mirror of radius R 

is equal to , f = R/2. 

3. Assertion : The optical instruments are used to increase 

the size of the image of the object. 

Reason : The optical instruments are used to increase the 

visual angle. 

4. Assertion: A thick lens shows more chromatic aberration. 

Reason: Thick lens behave as many thin lenses. 

5. Assertion: The edges of the images of white object formed by 

a concave mirror on the screen appear white. 

Reason: Concave mirror does not suffer chromatic aberration. 

6.  Assertion: Optical fibers make use of total internal 

reflection. 

Reason: Light goes through successive total internal 

reflections as it moves through an optical fiber. 

7. Assertion :In a movie, ordinarily 24 frames are projected 

per second from one end to the other of the complete 

film. 

Reason :The image formed on retina of eye is sustained upto 

1/10 second after the removal of stimulus. 

8. Assertion: A double convex lens (m = 1.5) has focal 

length 10 cm. When the lens is immersed in water (m = 

4/3) its focal length becomes 40 cm. 
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Reason      :1/f=μl−μm/μm(1/R1−1/R2) 

9. Assertion: The focal length of the mirror is f and distance 

of the object from the focus is u, the magnification of the 

mirror is f / u. 

Reason: Magnification =Size of image/Size of object 

10. Assertion : In optical fibre, the diameter of the core 

is kept small. 

Reason : This smaller diameter of the core ensures that 

the fibre should have incident angle more than the critical 

angle required for total internal reflection. 

11.  Assertion: When an object is placed between two plane 

parallel mirrors, then all the images found are of equal 

intensity. 

Reason :In case of plane parallel mirrors, only two images are 

possible. 

12.  Assertion : Sky is maximum red in morning 

Reason : Smallest wavelength scatter maximum 

13. Assertion :A ray of light is incident from outside on a 

glass sphere surrounded by air. This ray may suffer total 

internal reflection at second interface. 

Reason :If a ray of light goes from denser to rarer medium, it 

bends away from the normal. 

14. Assertion: The resolving power of both microscope 

and telescope depends on the wavelength of light used. 

Reason: the resolving power of a lens is the ability to resolve 

the two images so they are distinctly identified. 

15. Assertion:- In modem microspore multicomponent 

lenses are used for both objective and eye piece.  

Reason:- Multicomponent lenses increase the magnification. 

16. Assertion: Microscope magnifies the image. 

Reason: Angular magnification for image is more than 

object in microscope. 

17. Assertion : A prism deviates a ray of light towards its 

base.  

Reason : Both refracting sides scatter the light.  
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18. Assertion: A beam of white light gives a spectrum on passing 

through a hollow prism. 

Reason: Speed of light outside the prism is different from the 

speed of light inside the glass prism. 

19.  Assertion: The apparent depth of a tank of water 

decreases if viewed obliquely.  

Reason: Real depth decreases if viewed obliquely. 

20. Assertion: A convex lens and a concave lens are kept 

in contact. They will behave as a diverging lens if focal 

length of convex lens is more. 

Reason: Power of a concave lens is always less than the 

power of a convex lens, as power of concave lens is 

negative whereas power of convex lens is positive. 

 

 

CASE STUDY BASED QUESTIONS 
Case study -1 

A prism has three rectangular surfaces and two triangular 

faces inclined at an angle. The angle between the two 

refracting surfaces is called the angle of the prism. The 

angle between the incident ray and the emergent ray is 

called the angle of deviation of the prism. Dispersion is 

defined as the separation of white light into different 

colours when the light is passed through the prism. The 

amount of scattering depends on the wavelength of light. 
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Q1: The critical angle between an equilateral prism and air is 

45. If the incident ray is perpendicular to the refracting 

surface, then 

a. It is reflected totally from the second surface and emerges 

perpendicular from the third surface. 

b. It gets reflected from second and third surfaces and 

emerges from the first surface 

c. It keeps reflecting from all the three sides of the prism 

and never emerges out 

d. After deviation, it gets refracted from the second surface 

Q2: Which ray is least deviated by a prism? 

a. Violet ray 

b. Green ray 

c. Red ray 

d. Yellow ray 

Q3: A prism (μ=1.5) has a refracting angle of 30
0
. The 

deviation of a monochromatic ray incident normally on 

its one surface will be 

a. 18
0
 36‘ 

b. 20
0
 30‘ 

c. 18
0
 

d. 19
0
 30‘ 

Q4: The dispersive power of prism depends upon 

a. The shape of the prism 

b. The material of the prism 

c. The angle of the prism 

d. Height of the prism 

 

Q5: The refractive angle of a prism for a monochromatic 

light is 60
0
 and refractive index is √2. For minimum 

deviation, the angle of incidence will be 

a. 60
0
 

b. 45
0
 

c. 30
0
 

d. 75
0
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Case study -2 

Optical instruments are the devices which process light 

waves to enhance an image for a more clear view. The 

optical microscope is of two types: a simple microscope 

and a compound microscope. An optical microscope uses 

a single lens or a group of lenses for magnification. 

 
Q1: What is the ratio of resolving power of an optical 

microscope for wavelengths λ1= 6000 Å and λ2= 9000 Å? 

a. 2:3 

b. 3:2 

c. 6:25 

d. 16:9 

Q2: Two identical glass (μg=3/2) equi – convex lenses of 

focal length f each are kept in contact. The space between 

the two lenses is filled with water ((μw=4/3). The focal 

length of the combination is 

a. f/3 

b. f 

c. 4f/3 

d. 3f/4 

Q3: Resolving power of a microscope depends upon 

a. The focal length and aperture of the eye lens 

b. The focal length and objective of the eye lens 
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c. The apertures of the objective and the eye lens 

d. The wavelength of light illuminating the object 

Q4: The magnification power of a compound microscope 

does not depend upon 

a. The focal length and aperture of the eye lens 

b. The apertures of the objective lens 

c. Tube length of the microscope 

d. None of the above 

Q5: Resolving power of light microscope is 

a. 2 mm 

b. 0.2 mm 

c. 0.1 mm 

d. 1 mm 

Case study -3 

An optical fibre is a thin tube of transparent material that 

allows light to pass through, without being refracted into 

the air or another external medium. It make use of total 

internal reflection. These fibres are fabricated in such a 

way that light reflected at one side of the inner surface 

strikes the other at an angle larger than critical angle. 

Even, if fibre is bent, light can easily travel along the 

length. 

 

Q1. Which of the following is based on the phenomenon 

of total internal reflection of light? 

(a) Sparkling of diamond (c) Instrument used by doctors for endoscopy 

(b) Optical fibre  (d) All of these 

(ii) A ray of light will undergo rotal internal reflection inside 

the optical fibre, if it 

Q2. (a) goes from rarer medium to denser medium 
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   (b) is incident at an angle less than the critical angle 

   (c) strikes the interface normally 

   (d) is incident at an angle greater than the critical angle 

Q3. If in core, angle of incidence is equal to critical angle, 

then angle of refraction will be 

(a) 0° (b) 45° (c) 90 (d) 180° 

Q4. In an optical fibre (shown), correct relation for 

refractive indices of core and cladding is 

 
(a) n1 = n2 (b) n1 > n2 (c) n1 < n2 (d) n1 + n2 = 2 

Q5.  If the value of critical angle is 30° for total internal 

reflection from given optical fibre, then speed of light in 

that fibre is 

(a) 3 x 10
8
 m S

-1
 (b) 1.5 x 10

8
 m S

-1
 (c) 6 x 10

8
 m s

-1
 (d) 4.5 x 10

8
 m s

-1
 

Case Study -4 

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 object are 

situated at the least distance of distinct vision from the 

eye. It can be given that:m=me×mom=me×mo where 

me is magnification 

produced by eye lens and mo is magnification produced 

by objective lens. Consider a compound microscope that 

consists of an objective lens of focal length 2.0 cm and an 

eyepiece of focal length 6.25 cm separated by a distance 
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of 15 cm. 

Q1. 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 

Q2. 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 lengths of both objects and eye-piece are increased 

(d) focal lengths of both objects and eye-piece are decreased. 

 Q3. What is the magnifying power of the microscope in 

case of least distinct vision? 

(a) 20 (b) 30  (c) 40 (d) 10 

Case study -5 

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  

Q1.When light travels from one medium to another medium 

which are separated by a sharp boundary, the 

characteristic which does not change is: 

a.Velocity 

b.Wavelength 

c.Frequency 

d.Amplitude 
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Q2. When light travels from a rarer to a denser medium, the 

speed of light in the medium: 

a. Increases 

b. Decreases 

c. Remains the same 

d. First increases and then decreases 

Case Study -6 

Real Depth is actual distance of an object beneath the 

surface, as would be measured by submerging a perfect 

ruler along with it. Apparent depth in a medium is the 

depth of an object in a denser medium as seen from the 

rarer medium. 

 

Q1. The speed of light in air is 3×108ms−1. Calculate the speed of 

light in glass. The refractive index of glass is 1.5. 

(a)3x10
8
 m/s (b) 2x10

8
(c) 1.5x10

8
(d) 2.5x10

8
 

Q.2 A water pond appears to be 2.7 m raised when seen 

from above. Refractive index of water is 4/3. Find the 

real depth.   

(a)10.8 m   (b) 15 m  

 (c) 9m    (d) 6m 
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Case Study -7 

When a light travels from denser to rarer medium the angle 

of refraction is more than the angle of incidence. So, 

whenever light travels from denser to rarer medium light 

tends to move away from the normal. And when light 

travels from rarer to denser medium light tends to move 

towards normal. 

 

1. A small air bubble in glass shpere of radius 2 cm appears 

to be 1 cm from the surface when looked at, along a 

diameter. If the refractive index of glass is 1.5, find the 

true position of the air bubble 

(a)-1.2 cm   (b)2 cm  

 (c) 8cm  (d) 6cm 

2. A point ‗ O‘ marked on the surface of a glass sphere of 

diameter 20cm is viewed through glass from the position 

directly opposite to the point ‗ O‘. If the refractive index 

of the glass is 1.5, find the position of the image formed.  
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(a)-40 cm   (b)-22 cm  

 (c) -20cm  (d) 10cm 

 

Answer Key (1 Mark) 

1. 20cm 

2. Refractive index, µ=sini/sinr=c/v 

             As sin15° < sin25° < sin35° 

                 So, vA < vB < vC 

Hence in medium A, velocity of light is minimum. 

3. Frequency being a characteristic of source of light does 

not change with change of medium. 

Refractive index of medium is defined as, Refractive index, 

µ=sini/sinr=c/v 

v = c/λ     µ∝1/λ
2
 ( λ is same in different media) 

Hence, wavelength of light is different in different media. 

4. Essential conditions for total internal re_ection : 

(i) Light should travel from a denser medium to a rarer 

medium. 

(ii) Angle of incidence in denser medium should be greater 

than the critical angle for the pair of media in contact. 

5. Focal length of a concave lens is negative. Using lens 

maker‘s formula 
 

 
 (

  

  
  ) (

 

  
 

 

  
), 

Here, µl = 1.5, µm = 1.65 Also, is negative and focal length 

of the given lens becomes positive. Hence, it behaves as a 

convex lens. 

6. The lens will act as a diverging lens as the refractive 

index of water is greater than that of lens. 

7. The lens will act as a converging lens as the refractive 

index of water is greater than that of biconcave lens. 

8. r = 30° by snells law  , µ= sini/sinr 

9. Focal length of the lens decrease when red light is 

replaced by blue light 

10. When the refractive index of the biconvex lens is 

equal to the refractive index of the liquid in which lens is 
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immersed then the biconvex lens behaves as a plane glass 

sheet. In this case, 1 /f =1/0 or f →∞. 

11. Using lens maker‘s formula 
 

 
 (   )(

 

  
 

 

  
), 

V R the increase in refractive index would 

result in decrease of focal length of lens. Hence, we can 

say that replacing red light with violet light, decreases the 

focal length of the lens used. 

12. Net power P = P1 + P2 = –4 + 2 = –2 D Focal length  

F = -50 cm 

13. The value of refractive index of the liquid is 1.45. 

14. Infinity. 

15. Power P = + 6 D – 2 D = 4 D   f=1/P=1/4=0.25m = 

25cm 

16. The refractive index of the liquid must be equal to 

1.5. 

17. the relation between the angle of incidence i, angle of 

prism A, and the angle of minimum deviation , for a 

triangular prism is given by,  

18. When incident violet light is replaced with red light, 

the angle of minimum deviation of a glass  decreases. 

19. For a telescope, lens L1 is used as objective as its 

aperture is largest. the lens L3 is used as eye piece as 

its focal length is smallest. 

20. On moving the eye backward away from lens the 

angular magnification decreases slightly, as both the 

angle subtended by the 

image at eye ‗a‘ and by the object at eye ‗α‘ decreases. 

Although the decrease in angle subtended by object a is 

relatively smaller. 

Answer Key (2 Marks) 

1. C = 41.3
0
 

2. a) Essential conditions for total internal reflection : 
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(i) Light should travel from a denser medium to a rarer 

medium. 

(ii) Angle of incidence in denser medium should be greater 

than the critical angle for the pair of media in contact. 

b)  µ = 1/sinc 

3. Radius r = htanC = sinC/cosC = 
 

√    
 

4. (i) P=1/2f   

(ii the radius of curvature of the lens is 22 cm 

5. The focal length of the combination= 1 m = 100 cm. the 

system will be diverging in nature as the focal length is 

negative. 

6. F = 
    

     
 

7. The beam converges at a distance 48 cm from the lens or 

48 – 12 = 36 cm after P. 

8.  1.5 

9. Change in focal length, 3f = 54 cm 

10. Optical fibres consist of thin and long strands of fine 

quality glass or quartz coated with a thin layer of material 

of refractive index less than the refractive index of 

strands. They work on the principle of total internal 

reflection so they do not suffer any loss.  

Uses: The optical fibres are used in medical investigations 

i.e. one can examine the inside view of stomach and 

intestine by a method called endoscopy.  

11. Mirage is an optical  illusion that occur in hot 

summer days.it is based on total internal reflection. 

12. The angle of incidence is likely to be equal to 52°. 

  Using the equation = i + e – A 

40° = 52° + e – 60° ⇒ e = 48° 

13. Refractive index of a medium is defined as the ratio 

of speed of light in vacuum to the speed of light in that 

medium i.e. µ=c/v 
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Graph showing the variation of the angle of deviation with 

angle of incidence from ncert book 

14. the refractive index of prism-material depends on the 

wavelength λof light. It is inversely proportional to 

square of wavelength .
 
Accordingly refractive index is 

maximum for violet(λ= 4000 Å) and minimum for red 

(λ= 7500 Å). So the deviation caused by prism  = (µ– 

1) A is maximum for violet and minimum for red; hence 

on passage through the prism; the different colours are 

separated; thus causing dispersion of white light. 

15. When white light is dispersed by a prism, the violet 

colour deviates through maximum angle. 

Hence it is seen at the bottom of the spectrum. 

16. ―Dispersion‖ of light is the phenomenon of splitting 

up of white light into its constituent colours. the band of 

seven colours then obtained on the screen is called 

―VIBGYOR‖.the colour pattern obtained on the screen is 

also called spectrum 

Cause of dispersion : White light consist of continuous 

forward wavelength range 400 nm to 700 nm. Refractive 

index of glass is different for different wavelengths 

17. The conditions for observing a rainbow are : 

(i) Afer the rain, the sky is almost clear and there is bright 

sunshine 

 with clouds in the east. 

(ii) The sun is at the back of the observer. When a 

rainbow is seen,  

the sun, observer‘s eye and the centre of the arc of the 

rainbow are all in a straight line. Sometimes, we see a 

rainbow in the morning.  Rainbow is also sometimes seen 

while using a lawn sprinkler. 

18.  the amount of scattering as per Rayleigh‘s law 

depends upon wavelength. Scattering µ=1/λ4, As λB < 

λR Hence blue colour scatters more and also blue colour 
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is most sensitive to our  eyes  than any colour like violet 

and indigo. thus the part of atmosphere which we observe 

as  sky has scattering of blue colour mostly, thus the sky 

appears to be bluish. 

19. 11.67 cm 

20. –5 cm 

21.  

 
             Advantages:  

 (i) It is free from chromatic and spherical aberrations.  

(ii) Its resolving power is greater than refracting telescope 

due to larger aperture of mirror  

22.  

 
23.  In magnifying glass the object is placed closer than 

25 cm, which produces image at 25 cm. This closer 
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object has larger angular size than the same object at 25 

cm. In this way although the angle subtended by virtual 

image and object is same at eye but angular magnification 

is achieved. 

24.  Here, the retina is working as a screen, where the 

rays are converging, but this screen is not at the position 

of formed virtual image, in fact the reflected divergent 

rays are converged by the eye lens at retina. Thus, there is 

no contradiction. 

25. If we decrease focal length, the lens has to be thick 

with smaller radius of curvature. In a thick lens both the 

spherical aberrations and chromatic aberrations become 

pronounced. Further, grinding for small focal length is 

not easy. Practically we can not get magnifying power 

more than 3 with a simple convex lens. 

26.  

 
27. Here, the retina is working as a screen, where the 

rays are converging, but this screen is not at the position 

of formed virtual image, in fact the reflected divergent 

rays are converged by the eye lens at retina. Thus, there is 

no contradiction. 

28. An observer in denser medium will observe the 

fisherman taller than actual height, due to refraction from 

rare to denser medium. 

Apparent depth decreases if viewed obliquely as compared 

to when observed near normally. 

29. As μ=1/sinChence, sin C=1/μ  refractive index of 

diamond is much greater than that of ordinary glass, 

hence critical angle C for diamond is much smaller (24°) 

as compared to that of glass (42°). 

A skilled diamond cutter thus can take the advantage of 
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such large range of angle of incidence available for total 

internal reflection 24° to 90°. The diamond can be cut 

with so many faces, to ensure that light entering the 

diamond does multiple total internal reflections before 

coming out. This behavior produce brilliance i.e., 

sparkling effect in the diamond. 

30. condition for image to be obtained on the screen, 

i.e.m real image. 9 – 12ƒ > 0 or 9 > 12ƒ or f < 0.75 m. so, 

maximum focal length is  0.75 m. 

 

Answer key (3 Marks) 
1.  Diagram ,Area of water surface= 200.28 cm

2
 

2.  

               

 
3. Diagram 

Final image is formed at the distance of 30 cm from the 

convex mirror (or 45 cm from the convex lens) to the 

right of the convex mirror._the final image formed is a 

virtual image. 

4. Power of lens : It is the reciprocal of focal length of a 

lens.P =1/f (f is in metre) 

Unit of power of lens : Dioptre 

correct derivation of 1/F = 1/F1 + 1/F2 

5. Derivation 
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6. (i) fA = –5.5 fair As the sign of fA is opposite to that of 

fair the lens will behave as a diverging lens. 

(ii)   fB = 3.91 fair As the sign of fB is same as that of 

fair, the lens will behave as a converging lens 

7. fw = 80 cm 

8. h1 10cm 

9. u =  - 30 cm, v = 60 cm f = + 20 cm A convex lens of 

focal length 20 cm is required. 

10. Correct derivation from NCERT. 

11.  
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12. i = 60° 

13. Correct diagram and derivation from NCERT. 

14.  

 

 
15. (i) Here, fo = 15 m = 1500 cm and fe = 1.0 cm 

Angular magni_cation by the telescope in normal 

Adjustment m = f o/fe 1500/1 .0= 1500 
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(ii) the image of the moon by the objective lens is formed on 

its focus only as the moon is nearly at infinite distance as 

compared to focal length.   fo = 15 m 

Height of object i.e., Radius of moon Rm 3 48 2  x106 

m 

Rm = 1.74 × 106 m 

 Distance of object = Radius of lunar orbit 

                     R0 = 3.8 × 108 cm 

 Distance of image for objective lens is the focal 

length of objective lens, f0 = 15 m 

  Radius of image of moon by objective lens can be 

calculated. 

                     tanRm/Ro =h//f 0  
                  h = 6.87 × 10–2 m 

                    Diameter of the image of moon, 

                    DI = 2h = 13.74 × 10–2 m = 13.74 cm 

16. An astronomical telescope should have an objective 

of larger aperture and longer focal length while an eye 

piece of small aperture and small focal length. therefore, 

we will use L2 as an objective and L3 as an eyepiece. For 

constructing microscope, L3 should be used as objective 

and L1 as eyepiece because both the lenses of microscope 

should have short focal lengths and the focal length of 

objective should be smaller than the eyepiece. 

17. (a) correct diagram (b)   f o = 3 5. Cm 

18.  
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(iii) (a) the objective of a telescope have a larger focal length 

to obtain large magnifying power and greater intensity of 

image. 

         (b) the aperture of objective lens of a telescope is taken 

as large because this increases the light gathering 

capacity of the objective from the distant object. 

Consequently, a brighter image is formed. 

19. (a) (i) Given f0 = 140 cm, fe = 5 cm When _nal 

image is at in_nity, magnifying power, 

                  M=fo / fe        m = –28 

    Negative sign shows that the image is inverted. 

  (ii) When final image is at the least distance of distinct 

vision, magnifying power, 

             m=f o/fe(1+ fe /D) 

                 = –33.6 

 (b) Separation between objective and eye piece when final 

image is formed at infinity, 

             L = f0 + fe 

              L = 140 cm + 5.0 cm 

             L = 145 cm 

20. Correct diagram and derivation from NCERT. 

21. Magnifying power of telescope, m = me × m0= 

−26x1/9=2.89 

       Length of telescope tube = v0 +u0= 12.1 cm( hint) 

22. Correct diagram and derivation from NCERT. 
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23.  

 

24.      λ/µ = 442.89 nm                
 

 
  5.09 x 10

12
 

hz 

                       = 2.25       
25.  Correct diagram from ncert 
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The focal length of objective f0 is 100 cm and focal length 

of eye piece fe is 5 cm. 

26.  

 
27.      I. Frequency is intrinsic property of a wave, 

which does not change when it goes 

         from one medium to another. Only wavelengths and 

speed of the wave changes. 

      II. No. Because energy is E = hv and v remains same. 

28.  (I).Convex lens. 

   (II) f1 = f2 = f 3 =20cm 

         u1 = -40 cm By lens formula v1 = 40 cm 

         For lens L3 ,f3 = 20cm v 3 = 20cm ,on calculation 

u3 = ∞ 

         Distance between L1 and L 2 =40 + 20 +60 cm. 

         As the image formed by L2 lies at infinity ,distance 

between L2and L3 can have  

        any value. 

29.   The shift in the image by the thick glass slab can be 

calculated. Here, shift only depend upon thickness of 

glass slab and refractive index of glass. 

        Shift = Real thickness – Apparent of thickness 
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               The answer does not depend on the location of the 

slab. 

30. (a) If we decrease focal length, the lens has to be 

thick with smaller radius of curvature. In a thick lens both 

the spherical aberrations and chromatic aberrations 

become pronounced. Further, grinding for small focal 

length is not easy. Practically we cannot get magnifying 

power more than 3 with a simple convex lens 

   (b) . 

 
Now if the water is replaced by other liquid, the apparent 

depth will change and microscope will have to be further 

moved to focus the image. With new liquid 

 
Now the microscope will have to shift from its initial 

position to focus on the needle again which is at 7.67 cm 

depth. Shift distance = 9.4 – 7.67 = 1.73 cm. 

Answer Key (MCQs) 
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1 A 11 C 21 B 

2 B 12 A 22 B 

3 D 13 B 23 B 

4 A 14 A 24 A 

5 C 15 D 25 A 

6 A 16 C 26 A 

7 B 17 B 27 A 

8 D 18 A 28 A 

9 C 19 B 29 A 

10 d 20 D 30 B 

Answer Key (ASSERTION REASON) 

1 B 6 B 11 D 16 A 

2 D 7 C 12 A 17 C 

3 D 8 A 13 B 18 D 

4 C 9 A 14 A 19 C 

5 A 10 A 15 B 20 C 

Answer Key (case study based) 

Case 1 Case 3 Case 5 

1 A 1 D 1 C 

2 C 2 D 2 B 

3 A 3 C Case 6 

4 B 4 B 1 B 

5 B 5 B 2 A 

Case 2 Case 4 Case 7 

1 B 1 A 1 A 

2 D 2 D 2 A 

3 D 3 C   

4 B      

5 B     

 

 

 

 



85 
 

Chapter 10: Wave Optics 

Gist : 

1. Wave Optics Describes the connection between waves 

and rays of light. According to wave theory of light, light 

is a form of energy which travels through a medium in 

the form of transverse wave. 

2. Wavefront: It is the continuous locus of all such particles 

of the medium which are vibrating in the same phase of 

oscillation at any instant. 

Depending upon the shape of the source of light, 

wavefront are of different shapes. 

(i) Plane wavefront 

(ii) Spherical wavefront 

(iii) Cylindrical wavefront 

 
 

3. Ray: A line perpendicular to a wave front is called a ray. 

The direction of rays are always perpendicular to the 

wave front along the direction of propagation of wave. 

4. Huygens‘ Principle: 
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 According to Huygens‘ Each point on the given wave 

front (called primary wave front) acts as a fresh source of 

new disturbance, called secondary wavelet, which travels 

in all directions with the velocity of light in the given 

medium. 

 A surface touching these secondary wavelets, tangentially 

in the forward direction at any instant gives the new 

wavefront at that instant. This is called secondary 

wavelets. 

 Principle of Huygens‘ Construction: 

 

 It is based on the principle that every point on a 

wavefront is a source of secondary wavefront. 

 The envelope of these wavefronts i.e., the surface tangent 

to all the secondary wavefront gives the new wavefront. 

The laws of reflection and refraction can be verified using 

Huygens‘ wave theory. 
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As, frequency v is characteristic of the source, therefore v = 

1/T remains the same as light travels from one medium to 

another. 

Wavelength is inversely proportional to refractive index (μ) 

of the medium 

i.e. λ‘ = λ/μ 

5. Laws of reflection on the basis of Huygens‘ wave theory  

As shown in figure, consider a plane wave front AB incident 

on the reflecting surface XY, both the wave front and the 

reflecting surface being perpendicular to the plane of 

paper. 

 

 
6. Law of refraction on this basis of Huygens‘ wave theory  

Consider a plane wavefront AB incident on a plane surface 

XY, separating two media 1 and 2, as shown in Figure. 

Let v1 and v2 be the velocities of light in two media, with 

v1 <v2. 
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This proves Snell‘s law of refraction. The constant 

1
μ2 is 

called the refractive index of the socond medium with 

respect to first medium. 

7. Behaviour of a Prism, Lens and Spherical Mirror towards 

Plane Wave front 
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8. Principle of superposition:- It states that a number of 

waves travelling, simultaneously, in a medium behave 

independent of each other and the net displacement of the 

particle, at any instant, is equal to the sum of the 

individual displacements due to all the waves. 

9. The phenomenon of redistribution of energy in the region 

of superposition of waves is called interference. The 

points of maximum intensity in the regions of 

superposition of waves are said to be in constructive 

interference whereas the points of minimum intensity are 

said to be in destructive interference. 

Conditions for interference:- 

(a) The two sources should emit, continuously, waves of 

same wavelength or frequency. 

(b) The amplitudes of the two waves should be either or 

nearly equal 

(c) The two sources should be narrow. 

(d) The sources should be close to each other. 

(e) The two sources should be coherent one. 

 Condition for constructive interference:- 

Path difference = (2n)λ/2 

Phase difference = (2n)π 

 Condition for destructive interference:- 

Path difference = (2n+1)λ/2 

Phase difference = (2n+1)π 

10. Young‘s double slit experiment:- 
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 For a point P on the screen, the path 

difference   

Where d is the separation between two slits, D is the 

distance between the slits and the screen and x is the 

distance of the point of P from the central fringe. 

For constructive interference (bright band), the path 

difference must be an integer multiple of  , i.e.-The 

separation   between adjacent bright (or dark) fringes 

is   
    

 
  using which    can be measured. 

 Constructive Interference: 

1. Phase difference :        where n is an integer 

2. Path difference:         where n is an integer 

 Destructive interference: 

1. Phase difference :    (    )   , where n is an 

integer 

2. Path difference:    (    )      , where n is an 

integer 

 

 Interference fringes with white light:- When the slits are 

illuminated with white light, the interference pattern 

consist of a central white fringe having on both sides a 
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few coloured fringes and then a general illumination. 

Conditions for sustained interference:- 

i. Two sources of light must be coherent. 

ii. The frequencies (or wavelength) of the two waves should 

be equal. 

iii. The light must be monochromatic. 

iv. The amplitudes of the interfering waves must be equal or 

nearly equal. 

v. The two sources must be narrow. 

 

 Interference pattern. 

 

 Diffraction:The phenomenon of bending of light around 

the corners of an obstacle is called the diffraction of light. 

 

 Diffraction at a Single Slit 
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1. The single-slit diffraction pattern shows the central 

maximum (at    ), zero intensity at angular 

separation   (    )       

2. Angular spread of the central maxima 2  /d 

 Width of the central maxima: 2    d    

Where D is the distance of the slit from the screen, d is 

the slit width 

 

 Condition for the Minima on the either side of the Central 

Maxima:  

d sin     , where n = 1,2,3,…. 

 

 Relation between phase difference & path difference:   

         
  

 
    

Where    is the phase difference &    is the path 

difference. 

 Important Points 
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 A soap bubble or oil film on water appears coloured in 

white light due to interference of light reflected from 

upper and lower surfaces of soap bubble or oil film. 

 In interference fringe pattern all bright and dark fringes 

are of same width, 

 In diffraction fringe pattern central bright fringe is 

brightest and widest. and I remaining secondary maximas 

are of gradually decreasing intensities. 

 The difference between interference and diffraction is 

that the interference is the superposition between the 

wavelets coming from two coherent sources while the 

diffraction is the superposition between the wavelets 

coming from the single wavefront 
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 MIND MAP 
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Short Answer Question (1 marks) 

1.  What is the shape of the wave front when light is 

diverging from a point source? 

2.  What is the phase difference between any two points 

on a wavefront? 

3.  What is the shape of wavefront obtained from a point 

source at a (i) small distance (ii) large distance?  

4.  Under what conditions a cylindrical wavefront is 

obtained?  

5.  What type of wavefront is obtained when a plane 

wave is reflected by a concave mirror?  

6.  Do all waves exhibit diffraction or only light? 

7.  What is the maximum intensity of light in Young‘s 

double slit experiment if the intensity of light 

emerging from each slit is Io?  

8.  Name two devices produce two coherent sources? 

9.  Can we use white light to get sustained interference 

pattern? Give reason. 

10.  Instead of using two slits as in Young‘s experiment, 

if two separate but identical sodium lamps are used, 

what is the effect on interference pattern?  

11.  What is the effect on interference fringes when 

yellow light is replaced by blue light in Young‘s 

double slit experiment?  

12.  How does the fringe width in interference pattern 

vary with the wavelength of incident light?  

13.  What is the effect on the interference fringes in a 

Young‘s double-slit experiment when the 

monochromatic source is replaced by a source of 
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white light?  

14.  How does the fringe width in interference vary with 

the intensity of incident light?  

15.  If Young‘s double slit experiment is performed in 

water 

keeping the rest of the set-up same, the fringes 

will…. 

16.  Does the law of conservation of energy holds good in 

interference and in diffraction? 

17.  How wave front and ray of light are related to each 

other. 

18.  When light suffers reflection at the interface between 

water and glass, the change of phase in the reflected 

wave is. 

19.  Can two 60 W bulbs be used as sources to produce 

interference pattern? 

20.  Which color of light undergoes diffraction to 

maximum extent? 

Short Answer Type SA-(2 Marks) 

1.  State the conditions that must be satisfied for two 

light sources to be coherent? 

2.  In young‘s double slit experiment. The distance 

between the slits is halved, what change in the fringe 

width will take place? 

3.  State the reason, why two independent sources of 

light cannot be considered as coherent sources. 

4.  How would the . separation of interference fringes in 

Young‘s double slit experiment change when the 

distance between the slits and screen is doubled?                               
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5.  The light of wavelength 600 nm is incident normally 

on a slit of width 3mm. Calculate the linear width of 

central maximum on a screen kept 3 m away from 

the slit.              

6.  Write the conditions for constructive and destructive 

interference to take place. 

7.  Why is the contribution of wavelets lying on the back 

of secondary wave front zero?                 

8.  Draw the shape of wave front originating from (i) a 

point source and (ii) a line source? 

9.  What are two assumptions on which Huygens‘ 

Principle is based? 

10.  Why no interference pattern is observed, when two 

coherent sources are (i) infinitely close to each other 

(ii) far apart from each other? 

11.  What is the ratio of slit widths when the amplitudes 

of light waves from them have a ratio 3:1?                                     

12.  If the two slits in Young‘s experiment have width 

ratio 4:1, calculate the ratio of intensity at maxima 

and minima in the interference pattern.                                                                   

13.  Find the ratio of intensities at two points in a screen 

in YDSE when waves from the two slits have path 

difference is (1) zero (2) λ/4 

14.  Sketch the refracted wave front emerging from a 

convex lens if a plane wave front is incident 

normally on it. 

15.  Why narrow sources are to be used for producing 

interference? 

16.   Differentiate between a ray and a wavefront. 

17.  Light from two coherent sources of same amplitude 
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reaching at a point differ in path by 3(λ)/2. What will 

be the colour of fringe at this point?                                                 

18.   Give the graphical representation to show the 

variation of intensity of light in single slit diffraction. 

19.  A slit of width 'd' is illuminated by light of 

wavelength 6500.Å. For what value of d will the first 

secondary maximum fall at an angle of diffraction of 

30 degree?                                 

20.  How does the fringe width of interference fringes 

change, when the whole apparatus of Young‘s 

experiment is kept in a liquid of refractive index 1.3? 

 

21.  How does the angular separation of interference 

fringes change, in Young‘s experiment, if the 

distance between the slits is increased? 

22.  When two light waves interfere at some point to 

produce darkness, what happens to the light energy ? 

23.  What is the shape of the wavefront in each of the 

following cases:  

(a) Light emerging out of a convex lens when a point 

source is placed at its focus.  

(b) The portion of the wavefront of light from a 

distant star intercepted by the Earth.    

24.  Radio waves can diffract easily around a window but 

not light waves. Give reason. 

25.   Why is the diffraction of Sound waves more evident 

in daily experience than that of light wave? 

26.  In a single-slit diffraction experiment, the width of 

the slit is made double the original width. How does 

this affect the size and intensity of the central 
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diffraction band 

27.  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?  

28.  State one feature by which the phenomenon of 

interference can be distinguished from that of 

diffraction. 

A parallel beam of light of wavelength 600 nm is 

incident normally on a slit of width ‗a‘. If the 

distance between the slits and the screen is 0.8 m and 

the distance of 2
nd

 order maximum from the centre of 

the screen is. 15 mm, calculate the width of the slit. 

29.  Difference between interference and diffraction of 

light 

30.  Why is it necessary to have coherent sources in order 

to produce an interference pattern? 

Long Answer Type LA-(3 Marks) 

1.  How will the angular separation and visibility of 

fringes in Young‘s double slit experiment change 

when (i) screen is moved away from the plane of the 

slits, and (ii) width of the source slit is increased? 

2.   When monochromatic light travels from a rarer to a 

denser medium, explain the following, giving reasons 

: 

(i) Is the frequency of reflected and refracted light 

same as the frequency of incident light? 

(ii) Does the decrease in speed imply a reduction in 

the energy carried by light wave? 

3.  Using Huygens principle and drawing the sketches of 
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wave fronts, show how a parallel beam of light is 

reflected from polished surface and hence verify that 

<i= <r. 

4.  What is the effect of the interference fringes in a 

Young‘s double slit experiment due to each of the 

following operations. 

a) The screen is moved away from the plane of the 

slits: 

b) The monochromatic source is replaced by another 

monochromatic source of shorter wavelength: 

c) The separation between the two slits is increased. 

5.  In YDSE using light of wavelength 600nm,the 

angular width of the fringe formed on a distant screen 

is 0.1
0 . 

Find the spacing between the two slits 

6.  In a Young‘s double slit experiment the two parallel 

slits are made 1 mm apart and screen is placed 1m 

away .What is the fringe separation when blue green 

light of wavelength 500 nm is used? 

7.  Describe Young‘s double slit experiment to produce 

interference pattern due to a monochromatic source 

of light. Deduce the expression for the fringe width. 

8.  In Young's double slit experiment, the slits are 2 mm apart 

and are illuminated by photons of two wavelengths λ1

=12000A
0 
and λ2=10000A

0.
 At what minimum distance 

from the common central bright fringe on the screen 2 m 

from the slit will a bright fringe from one interference 

pattern coincide with a bright fringe from the other? 

9.  State Huygen‘s principle. Using this principle draw a 

diagram to show how a plane wave front incident at 

the interface of the two media gets refracted when it 
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propagates from a rarer to a denser medium. Hence 

verify Snell‘s law of refraction. 

10.  Draw interference of light and diffraction  pattern of 

light. 

11.  Illustrate with the help of suitable diagram, action of 

the following when a plane wavefront incidents. 

(i) a prism (ii) a convex lens and (iii) a concave 

mirror. 

12.  Derive the expression for fringe width in 

interference. Show that it is same for bright and dark 

fringes 

13.   Explain Fraunhoffer diffraction at a single slit and 

establish the relation for width of central maxima. 

14.   The figure drawn here, shows a modified Young's double 

slit experimental set up in which ss2−ss1=λ/4, 

(i) State the condition for constructive and destructive 

interference. 

(ii) Obtain the expression for fringe width. 

 
15.  i)  Two monochromatic waves emanating from two 

coherent sources have the displacements represented 
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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 = 4 I0 cos2 ϕ/2 where 

I0 = a
2
. 

ii)  Hence obtain the conditions for constructive 

and destructive interference. 

16.  Two wavelength of sodium light 590 nm and 596 nm 

are used, in turn, to study the diffraction taking 

placed at a single slit of aperture 2 xx 10^(-4)m. The 

distance between the slit and screen is 1.5 m. 

Calculate the separation between the positions of first 

maxima of diffraction pattern obtained in the two 

cases. 

17.   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 distant source, a bright spot is 

seen at the centre of the shadow of the obstacle. 

Explain, why. 

18.  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.  
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19.  In Young‘s double-slit experiment using 

monochromatic light of wavelength λ, the intensity of 

light at a point on the screen where path difference is 

λ, is K units. What is the intensity of light at a point 

where path difference is λ /3? 

20.  Explain why the maxima at θ = (n + ½)  λ/a become 

weaker and weaker with increasing n. 

21.  In Young‘s double slit experiment, the two slits 0. 15 

mm apart are illuminated by monochromatic light of 

wavelength 450 nm. The screen is 1.0 m away from 

the slits. 

(a) Find the distance of the second 

(i) bright fringe, 

(ii) dark fringe from the central maximum. 

(b) How will the fringe pattern change if the screen is 

moved away from the slits? 

22.  Use Huygens‘ principle to show how a plane 

wavefront propagates from a denser to rarer medium. 

Hence verify Snell‘s law of refraction.  

23.  A plane wavefront is incident at an angle of 

incidence i on a reflecting surface. Draw a diagram 

showing incident wavefront, reflected wavefront and 

verify the laws of reflection. 

24.  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 

25.  Is energy conserved in interference? Explain. 

26.  What is Fresnel distance? 

27.  Estimate the distance for which ray optics is a good 

approximation for an aperture of 4mm and 
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wavelength 400nm. 

28.  The human eye has an approximate angular 

resolution of ɸ = 5.8 x 10
-4

 rad and a typical 

photoprinter prints a minimum of 300 dpi (dots per 

inch, 1 inch = 2.54 cm). At what minimal distance z 

should a printed page be held so that one does not see 

the individual dots? 

Multiple Choice Questions 
1. Two identical and coherent sources of light are used in 

Young's double-slit experiment and resultant intensity at 

the centre of the screen is found to be I₁. When two 

identical sources of intensity same as before but 

incoherent are used for the experiment, then resultant 

intensity at the centre of the screen is found to be I₂. What 

is the value of I₁/I₂? 

a. 1 

b. 2 

c. 4 

d. 0.5 

2. Contrast of the fringe pattern obtained in Young's double-

elit experiment depends on 

a. wavelength 

b. phase difference between sources  

c. intensity ratio of the sources. 

d. distance between plane of slits and screen 

3. In Young's double-slit experiment, coordinate system is 

selected in such a manner that Y-coordinate of central 

maximum is 1 cm and the same for 9
th

 maximum is 9 cm. 

If the entire set-up is immersed in a fluid with refractive 
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index 4/3, then what will be new Y-coordinates of central 

maximum and 9
th

 maximum? 

a. 1 cm, 9 cm 

b. 3/4 cm, 27/4 cm 

c. 4/3 cm, 7 cm 

d. 1 cm, 7 cm 

4. In a standard Young's double-slit experiment set up, two 

points P and Q are marked on the screen. Path difference 

corresponding to point P is λ/2 and for point Q it is λ/4. 

Here λ is wavelength of light being used. If Ip and IQ are 

the resultant intensities at points P and Q, then Ip/IQ  is  

a. 2  

b. 1/2 

c. 0 

d. infinity 

5. A source emitting light of wavelengths λ₁ and λ2 is used 

in Young's double-slit experiment. If fourth bright of λ₁ 

coincides with sixth bright of λ2, then 

a. 2λ₁  = 3λ₂ 

b. 3λ₁  = 2λ₂ 

c. 4λ₁  = 3λ₂ 

d. 3λ₁ = 4λ₂ 

6. Select best monochromatic source of light. 

a.  Bulb 

b.  Candle 

c.  Tube light 

d.  Laser 

7. In Young's double-slit experiment, d is separation 

between the slits. Separation between plane of the slits 
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and screen is D. Wavelength of light used is λ. Number of 

fringes per unit distance on the screen is 

a. λ D/d 

b. d/ λD  

c. λ d/D 

d. D/ λd 

8. When light ray is refracted from one medium to another, 

then which of the following does not change? 

a. Amplitude 

b. Velocity 

c. Frequency 

d. Wavelength 

9. Two light sources are said to be coherent if they produce 

waves 

a. of equal wavelength 

b. of equal frequency 

c. of equal velocity 

d. of equal frequency and having constant phase difference 

between them. 

10. In standard Young's double-slit experiment, 9 fringes 

are found to be formed in a portion of screen. Wavelength 

of light used is 600 nm. How many fringes will be 

formed in the same portion of screen if wavelength of 

light is changed to 450 nm? 

a. 12 

b. 18 

c. 14 

d. 20 

11. Oil drop spread on water surface during the day light 

exhibits brilliant colours due to 
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a. Polarisation  

b. Scattering 

c. Interference 

d. reflection 

12. If entire Young's double-slit experiment set-up is 

immersed in water, then 

a. fringe width will remain unaffected 

b. fringe width will increase 

c. fringe width will decrease 

d. experiment cannot be performed in water. 

13. What is the shape of wavefront from distant source 

of light? 

a. Planar 

b. Spherical 

c. Cylindrical 

d. Depends on shape of the source 

14. There are two points on same wavefront by a 

distance λ/2. What will be the phase difference between 

these two points? 

a. π 

b. π /2 

c. π/4 

d. 0 

15. In Young's double-slit experiment, two coherent 

sources of different intensities are used to make 

interference pattern. Ratio of the maximum to minimum 

intensity of pattern is found to be 25. What will be the 

ratio of intensities of sources? 

a. 625:1 

b. 9:4 
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c. 25:1 

d. 5:1 

16. Two identical coherent sources are used to perform 

interference experiment. Intensity of light at the point of 

maxima is found to be Io. If one of the slits is closed, then 

what will be intensity of light at the same point? 

a. Io 

b. 4Io 

c. Io/4 

d. 2Io 

17. Angular width (θ) of central maximum of diffraction 

pattern of a single slit does not depend upon 

a. distance between slit and screen 

b. wavelength of light used 

c. width of the slit 

d. frequency of light used. 

18. The linear width of the diffraction band varies  

a. inversely as the wavelength 

b. directly as the width of the slit 

c. directly as the distance between the slit and the screen 

d. inversely as the size of the source from which the slit is 

illuminated. 

19. A diffraction pattern is obtained by using a beam of 

red light. What will happen, if the 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 narrower and crowded together. 
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20. A parallel beam of a monochromatic light of 

wavelength 900 nm passes through a long slit of width 

0.4 mm. The angular divergence in which most of the 

light is diffracted, is 

a. 4.5×10
-3

 rad  

b. 9.0 × 10
-
³ rad 

c. 2.25 x 10
-3

 rad 

d. none of these 

21. A beam of light of wavelength 600 nm from a distant 

source falls on a single slit 1 mm wide and the resulting 

diffraction pattern is observed on a screen 2 m away. The 

distance between the first dark fringes on either side of 

the central bright fringe is 

a. 1.2 cm 

b. 1.2 mm 

c. 2.4 cm 

d. 2.4 mm 

22.  A single slit of width d is illuminated by violet light 

of wavelength 400 nm and the width of the diffraction 

pattern is measured as y. When half of the slit width is 

covered and other half illuminated by yellow light of 

wavelength 600 nm, the width of the diffraction pattern is 

a. the pattern vanishes and the width is zero 

b.  
 

 
 

c. 3y 

d. none of the above. 

23. In a single slit diffraction pattern, the distance 

between the first minimum on the left and the first 

minimum on the right is 5 mm. The screen on which the 

diffraction pattern is displayed is at a distance of 80 cm 
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from the slit. The wavelength is 6000 Å. The slit width in 

(mm) is about 

a. 0.576 

b.  0.348 

c. 0.192 

d. 0.096 

24. Angular width of central maximum in the 

Fraunhoffer's diffraction pattern is measured. Slit is 

illuminated by the light of wavelength 6000 Å. If slit is 

illuminated by light of another wavelength, angular width 

decreases by 30%. Wavelength of light used is  

a. 3500 Å 

b. 4200 Å 

c. 4700 Å 

d. 6000 Å 

25. For an aperture of size 'a' illuminated by a parallel 

beam of light having wavelength λ, the Fresnel distance is 

a.  
 

λ
 

b.    

 
 

c.    λ 

d.  
 

  
 

26. For what distance is ray optics a good approximation 

when the aperture is 4 mm wide and the wavelength is 

500 nm? 

a. 32 m 

b. 64 m 

c. 16 m 

d. 8 m 
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27. 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 

28.  For sustained interference, we need two sources 

which emit radiations : 

a. of the same intensity 

b. of the same amplitude 

c. having a constant phase difference 

d. None of these 

29. The fringe width (β) of a diffraction pattern and the 

slit width d are related as: 

a. β ∝ d 

b. β ∝ 
 

 
 

c. β ∝ √d 

d. β ∝ 
 

  
 

30. 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 
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Assertion Reason Type questions  

The questions given below consist of an assertion and the 

reason. Use the following key to choose appropriate 

answer:  

(a) If both assertion and reason are correct and reason is a 

correct explanation of the assertion. 

(b) If both assertion and reason are correct but reason is not 

the correct explanation of assertion. 

(c) If assertion is correct but reason is incorrect.  

(d) If assertion is incorrect but reason is correct. 

(e) If both assertion and reason are incorrect. 

1. Assertion: When two light sources are placed near to each 

other, energy is distributed non-uniformly around them. 

Reason: Light waves from two sources interfere each other 

and redistribution of energy takes place due to 

phenomenon of interference. 

2. Assertion: Energy is created in constructive interference 

and energy is destroyed in destructive interference. 

Reason: There is maximum intensity at the point of 

constructive interference and minimum intensity at the 

point of destructive interference.  

3. Assertion: Light shows the phenomena of interference 

and diffraction.  

Reason: Light can behave as particle. 

4. Assertion: Corpuscular theory of light cannot explain 

change in velocity of light when it changes medium. 
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Reason: According to corpuscular theory of light, speed of 

light is more in denser medium than in rarer medium. 

5. Assertion: Phase difference between two points separated 

by a distance equal to λ/2 on same wavefront is π.  

Reason: Path difference (∆x) and phase difference δ are 

related as δ = 
  

 
 ∆x 

6. Assertion: The sun is visible a few minutes before it is 

actually above horizon. 

Reason: Light rays bend due to diffraction.  

7. Assertion: When light ray is refracted in some other 

medium, then its frequency remains unchanged. 

Reason: Incident ray, refracted ray and normal are coplanar. 

8. Assertion: Two light sources with different frequencies 

cannot be coherent.  

Reason: Phase difference between coherent sources remains 

constant with time. 

9. Assertion: According to Huygen‘s principle, no backward 

wave-front is possible. 

Reason: Amplitude of secondary wavelet is proportional to 

(1 + cos θ) where θ is the angle between the ray at the 

point of consideration and the direction of secondary 

wavelet. 

10. Assertion: No interference pattern is detected when 

two coherent sources are infinitely close to each other. 

Reason: The fringe width is inversely proportional to the 

distance between the two sources. 

11. Assertion: In YDSE, if a thin film is introduced in 

front of the upper slit, then the fringe pattern shifts in the 

downward direction. 
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Reason: In YDSE if the slit widths are unequal, the minima 

will be completely dark. 

12. Assertion: The pattern and position of fringes always 

remain same even after the introduction of transparent 

medium in a path of one of the slits. 

Reason: The central fringe is bright or dark depends upon 

the initial phase difference between the two coherent 

sources. 

13. Assertion: To observe diffraction of light, the size of 

obstacle/ aperture should be of the order of 10
-7

 m. 

Reason: 10
-7

 m is the order of wavelength of visible light. 

14. Assertion: Colours are seen in thin layers of oil on 

the surface of water. 

Reason: White light is composed of several colours. 

15. Assertion: No interference pattern is detected when 

two coherent sources are infinitely close to each other. 

Reason: The fringe width is inversely proportional to the 

distance between the two sources. 

16. Assertion: White light falls on a double slit with one 

slit is covered by a green filter. The bright fringes 

observed are of green colour. 

Reason: The fringes observed are coloured. 

17. Assertion: In Young‘s double slit experiment if 

wavelength of incident monochromatic light is just 

doubled, number of bright fringe on the screen will 

increase. 

Reason: Maximum number of bright fringe on the screen 

is inversely proportional to the wavelength of light used. 

18. Assertion: Interference pattern is made by using 

yellow light instead of red light, the fringes becomes 
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narrower. 

Reason: In YDSE, fringe width is given by β=λD/d 

19. Assertion: Coloured spectrum is seen when we look 

through a muslin cloth. 

Reason: It is due the diffraction of white light on passing 

through fine slits. 

20. Assertion: Diffraction takes place for all types of 

waves mechanical or non-mechanical, transverse or 

longitudinal. 

Reason: Diffraction‘s effect is perceptible only if 

wavelength of wave is comparable to dimensions of 

diffracting device. 

CASE STUDY BASED QUESTIONS 
 

PARAGRAPH 1:  Refraction of Light 

Huygens‘ Principle is the basis of wave theory of light. It 

tells how a wavefront propagates through a medium. 

According to the Huygen's principle, each point on a 

wavefront is a source of secondary waves, which add up 

to give a wavefront at any later time. This principle can 

be used to prove the laws of refraction. The given figure 

shows a surface XY separating two transparent media - 

medium-1 and medium-2. The lines ab and cd represent 

wavefronts of a light wave travelling in medium-1 and 

incident on XY. The lines ef and gh represent wavefronts 

of the light wave in medium-2 after refraction. 
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QUESTIONS  

1. Select the right option in the following: 

a. Christian Huygens, a contemporary of Newton's 

established the wave theory of light by assuming that 

light waves were transverse. 

b. Maxwell provided the theoretical evidence that light is 

transverse wave. 

c. Thomas Young experimentally proved the wave 

behaviour of light and Huygens' assumption 

d. All the statements given above, correctly answer the 

question "What is light?" 

2. Speed of light is 

a. same in medium-1 and medium-2 

b. larger in medium-1 than in medium-2 

c. larger in medium-2 than in medium-1 

d. different at b and d. 

3. The phases of the light wave at c, d,e and f are ϕc, ϕd,  ϕe 

and ϕf  respectively. It is given that ϕc =  ϕf. 

a. ϕc cannot be equal to ϕd 

b. ϕd cannot be equal to ϕe 
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c. (ϕd – ϕf) is equal to (ϕc – ϕe) 

d. (ϕd - ϕc) is not equal to (ϕf - ϕe). 

4. Light travels as a 

a. parallel beam in each medium 

b. convergent beam in each medium 

c. divergent beam in each medium 

d. divergent beam in one medium and convergent beam in 

the other medium. 

5. Light waves travelling through air strike the surface of 

water at an angle. Which of the following statements 

about the light's wave properties upon entering the water 

is correct? 

a. The light's speed, frequency and wavelength all stay the 

same 

b. The light's speed, frequency and wavelength all change 

c. The light's speed and frequency change, but the 

wavelength stays the same 

d. The light's wavelength and speed change, but the 

frequency stays the same. 

PARAGRAPH 2:  Interference of Light 

Interference of visible light is not easy to observe because of 

the short wavelength (400 nm - 700 nm). To maintain 

stable interference pattern individual waves must 

maintain a constant phase relationship with one another. 

Light waves whose phase difference is either zero or 

constant are known as coherent waves. Sources of light 

which emit such waves are called coherent sources. Such 

coherent light sources can be obtained by illuminating a 

screen containing two narrow slits by a monochromatic 

light source. 
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Constructive interference (p = nλ) produces a bright band. 

Destructive interference [p = (n + ½) λ] produces a 

completely dark band if the amplitudes of the two waves 

are equal. Young's formula for bright band separation is β 

= λ D/d. where d is the slit separation and D is the 

relatively large distance of the bands from the slits. 

The given figure shows an interference pattern obtained 

in a double slit experiment using light of wavelength 600 

nm. Numbers 1, 2, 3, 4 and 5 are marked on five fringes. 

QUESTIONS 

1. The phase difference between two superposing waves at 

the place of constructive interference is 

a. a multiple of π 

b. an even multiple of π 

c. an odd multiple of π 

d. a multiple of π/2 

2. The path difference between two superposing waves at 

the place of destructive interference is 

a. m

u

l

t

iple of λ 

b. multiple of λ /2 

c. even multiple of λ /2 

d. odd multiple of λ /2 

3. The third order bright fringe is marked 

a. 2 

b. 3 
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c. 4 

d. 5 

4. Which fringe results from a phase difference of 4π 

between the light waves falling on the two slits? 

a. 2 

b. 3 

c. 4 

d. 5 

5. If pA and pc represent the path differences between the 

waves interfering at points marked 1 and 3 respectively, 

then |pA-pc| is equal to 

a. 150 nm 

b. 200 nm 

c. 300 nm 

d. 600 nm 

Answer Key (1 Mark) 

1.  Spherical 

2.  Zero 

3.  Spherical, plane 

4.  A cylindrical wave front is obtained at a small 

distance from a linear source of light. 

5.  Spherical wavefront (converging). 

6.  Diffraction can occur with any kind of wave. 

7.  4 Io 

8.   Fresnel biprism, Young‘s double slit, Laser, 

Lloyd‘s mirror 

9.  No 

10.  Interference pattern disappears 

11.  If we replace yellow light with blue light, i.e., 
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longer wavelength with shorter one, therefore the 

fringe width decreases 

12.  The fringe width is directly proportional to 

the wavelength of incident light.    
    

 
 

13.  The central fringe is white. The fringe closest on 

either side of the central white fringe is red and the 

farthest will appear blue. 

14.  The fringe width is not affected by the intensity of 

incident light. 

15.  decrease. as λw=λa/μ 

16.   the energy is simply redistributed among the bright 

and dark fringes which also implies that the energy 

is conserved 

17.  rays are always normal to the wavefront.  

18.    

19.  Two independent sources of same 

frequencies can not sunstaine interference just 

because they have not constant phase difference 

20.  In the visible wavelengths of the electromagnetic 

spectrum, red, with the longest wavelength, is 

diffracted most 

Answer Key (2 Marks) 
1.  They must emit waves continuously of same 

wavelengths. 

The phase difference between the waves must 

be zero or constant 

2.  
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3.  Coherent sources are defined as the sources in 

the which initial phase difference remains 

constant. In the case of two independent 

sources, the initial phase difference cannot 

remain constant because light is emitted due 

to millions of atoms and their number goes on 

changing in a quite random manner 

 

4.  Hint ( β=Dλ/d) 

5.  Hint ( β=2Dλ/d) 

Here, λ=600nm  = 6×10
-7

 m, 

d=3mm=3×10-3m  

D=3m,   (2x)=?  D=3m,(  2x)=? 

2x=2λD/d==12×10−4m=1.2mm 

6.  Constructive Interference: 

Phase difference :        where n is an 

integer 

Path difference:         where n is an integer 

Destructive interference: 

Phase difference :    (    )   , where n is 

an integer 

Path difference:    (    )      , where n is 

an integer 

7.  Wavefront is the locus of all the particles in the 

same state of vibration. Hence, the wavefront 

also travels along the same direction. The 

flow of energy does not happen from the 
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lower potential to higher potential. Therefore, 

there is no backward wavefront, flowing from 

lower disturbance to higher disturbance. 

8.  The wave front originating from a point source is 

spherical in shape. It is because, the locus of 

all such points, which are equidistant from the 

point source, is a sphere 

.  

ii) The wave front originating from a line 

source is cylindrical in shape. It is because, all 

the points, which are equidistant from the 

linear source, lie on the surface of a cylinder  

 
9.  1. Each point on a wavefront may be regarded as 

a source of secondary waves 

2. The position of the wavefront at a later time is 

determined by the envelope of these 

secondary wave 

 

10.  When coherent sources are placed very close, 
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fringe width is very large and a single fringe 

may occupy the whole field of view and the 

pattern would not be detected. Similarly, if 

the coherent sources are far apart, fringe with 

will be very small and the pattern cannot be 

detected 

11.  w1/w2  =  I1/I2  =a/b  

(Ans  9:1) 

12.  

 
13.  

 

 

(Ans  2:1) 
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14.  

 

15.  It is because a broad source is equivalent to a 

large number of narrow sources lying close to 

each other. Different pairs of narrow sources 

will produce their own interference patterns 

which will overlap each other 

16.  A wavefront is defined as a surface of constant 

phase. A wavefront is the locus of all points 

in the medium that have the same phase. 

The ray, at each point of a wavefront, is normal 

to the wavefront at that point. The ray 

indicates the direction of propagation of wave 

while the wavefront is the surface of constant 

phase. 

17.  Dark 

18.  

 
19.  For first secondary maximum of the diffraction 
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pattern, 

d sin θ= 3λ/2  

∴d=3λ/2sinθ  

= 3×6,500×10−
10

m
2
×sin30∘= 

1.95×10
−6

 m 

20.  Fringe width, β = Dλ/d => β ∝  λ  for same D 

and d. When the whole apparatus is immersed 

in a  transparent liquid of refractive index n 

=1×3, the wavelength decreases to   λ = λ/n 

= λ/1.3. so, fringe width decreases to 1/1.3 

time. 

21.  The angular separation of interference 

fringes (α=λ/d)) decreases as the distance .d. 

between the slits is increased. 

22.  Energy will appear at some other place where 

constructive interference is taking place. 

23.  (a) Plane wavefront;   (b) Plane wavefront. 

24.  The phenomenon of bending of waves around 

the corners of an obstacle or opening placed 

in its path is called diffraction. ... But the 

wavelengths of the light waves are much 

shorter as compared to the size of the 

obstacles and openings. That is why radio 

waves diffract around the buildings while 

light waves do not 

25.  The frequencies of sound waves lie between 20 

Hz to 20 kHz, their wavelength ranges 

between 15 m to 15 mm. The diffraction 

occurs if the wavelength of waves is nearly 

equal to slit width.The wavelength of light 
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waves is 7000 x 10
-10

 m to 4000 x 10
-10

  m. 

For observing diffraction of light we need 

very narrow slit width. In daily life 

experience we observe the slit width very near 

to the wavelength of sound waves as 

compared to light waves. Thus, the diffraction 

of sound waves is more evident in daily life 

than that of light waves. 

 

26.  If the width of the diffraction slit is doubled, the 

size of the central diffraction band will 

become half and its intensity will become four 

times of its original value. 

27.  

 
28.  

 
29.   Interference Diffraction 
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1 Interference is due 

to superposition of 

two distinct waves 

coming from two 

coherent sources.  

Diffraction is due to 

superposition of the 

secondary wavelets 

coming from different 

parts of the same 

wavefront. 

2 Interference fringes 

may or may not be 

of the same width. 

Diffraction fringes are not 

to be of the same width. 

3 The intensity of 

minima is generally 

zero. 

The intensity of minima is 

never zero. 

4 All bright fringes 

are of uniform 

intensity. 

All bright fringes are not 

of uniform intensity. 

 

30.  Conditions for interference. The important 

conditions for obtaining interference of light 

are : 

1. The two sources of light must be coherent. i.e. 

they should exist continuous waves of same 

wavelength or frequency. 

2. The two sources should be monochromatic. 

3. The phase difference of waves from two 

sources should be constant. 

4. The amplitude of waves from two sources 

should be equal. 

5. The coherent sources must be very close to 

each other. 
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Answer key (3 Marks) 

1.  (i) Angular separation βθ = β/D = λ/d It is 

independent of D; therefore, angular separation 

remains unchanged if screen is moved away from 

the slits. But the actual separation between 

fringes β = λD/d  increases, so visibility of fringes 

increases   

 (ii) When width of source slit is increased, then 

the angular fringe width remains unchanged but 

fringes becomes less and less sharp; so visibility 

of fringes decreases. If the condition s/S <  λ/d 

is not satisfied, the interference pattern 

disappears. 

2.  i) Yes, frequency is the property of source. 

Hence, frequency does not change when light is 

reflected or refracted. 

(ii) No, decrease in speed does not imply 

reduction in energy carried by light wave. 

This is because the frequency does not change 

and according to the formula E = hv, energy will 

be independent of speed. Energy carried by a 

wave depends on the amplitude of the wave, not 

on the speed of wave propagation. 

3.  Ref. to point 5 . 

4.  Ref to NCERT solved example 10.4 

5.  .         
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6.  Given that, 2d = 1 mm = 1 x 10–3 m, D = 1m 

  
7.  Ref to NCERT 

8.  λ1/λ2=n2/n1=12000/10000=6/5 

 x=n1λ1/Dd 

(             )

       
 

6mm 

9.  Ref to point 6 in gist of chapter 



130 
 

10.  

 
11.  Ref to point 6 in gist of chapter 

12.  Ref to gist of chapter 

13.  Ref to gist of chapter 

14.  

 
15.  
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16.  

 

17.  (a) If slit width in interference Pattern is reduced 

to the size of wavelength of light used; the 

diffraction will also takes place along with 

interference. 

  (b) The diffraction pattern is itself due to the 

interference of wavelength belonging to same. (ii) 

Waves diffracted from the edge of the circular 

obstacle interfere constructively at the centre of 

the shadow producing a bright spot 

18.  
Fringe width β = λD/d y = β/3 = λD/3d  
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19.  

 

20.  Maxima become weaker and weaker with 

increasing n. This is because the effective part of 

the wavefront contributing to the maxima. 

becomes smaller and smaller with increasing n. 

21.  
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22.  Huygens‘ geometrical construction for a plane 

wave propagation. Let AB be a section of primary 

wavefront at any instant t. Take points 1, 2, 3, 4, 

… on the wavefront AB. Taking each point as 

centre, draw spheres of radius r = ct, where c is 

the velocity of light in the medium. 

Draw a surface A1B1 touching tangentially at the 

secondary wavelets in the forward direction. The 

surface A1B1 is the secondary wavefront after 

time t. 

 
23.  Ref. from NCERT text book 
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24.  

 
25.  During interference of light, all the bright fringes 

formed have maximum and equal intensity and all 

dark fringes formed have minimum intensity and 

are completely dark. It means the energy is 

equally distributed among the bright and the dark 

fringes which implies energy is conserved in case 

of interference of light. 

26.  "Fresnel distance is the minimum distance a beam 

of light has to travel before its deviation from 

straight line path becomes significant". 

Fresnel distance (ZF)=a
2
/λ, Where a=width of the 

aperture, λ=wave length 

 

27.  Fresnel‘s distance (ZF) is the distance for which 

the ray optics is a good approximation.  

It is given by the relation (ZF)=a
2
/λ,,  

Where, Aperture width, a = 4 mm = 4 ×10−3 m  

Wavelength of light, λ = 400 nm = 400 × 10−9 m 
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 Therefore, the distance for which the ray optics is 

a good approximation is 40 m. 

28.  

 

Answer Key (MCQs) 

S. 

N

O

. 

Correct 

option 

S. 

N

O

. 

Correct 

opti

on 

S. 

N

O

. 

Correct 

opti

on 

1 B 16 C 21 D 

2 C 17 A 22 B 

3 D 18 C 23 C 

4 D 11 C 24 B 

5 A 12 C 25 B 

6 D 13 A 26 A 

7 B 14 D 27 A 

8 C 15 B 28 C 

9 D 19 D 29 B 
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10 A 20 A 30 D 

Answer Key (ASSERTION REASON) 

S. NO. Correct 

option 

S. NO. Correct 

option 

1 A 11 D 

2 D 12 D 

3 B 13 A 

4 A 14 B 

5 D 15 A 

6 B 16 C 

7 B 17 A 

8 A 18 A 

9 B 19 B 

10 A 20 A 

Answer Key (case study based) 
S. NO.  I Correct 

option 

S. NO. II Correct 

option 

1 B 1 B 

2 B 2 D 

3 D 3 D 

4 A 4 C 

5 B 5 C 
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Chapter 11 Dual Nature of Radiation and 

Matter 

Gist and MLM: 
1. Photoelectric Effect The phenomenon of emission of 

photoelectron from the surface of metal, when a light 

beam of suitable frequency is incident on it, is called 

photoelectric effect. The emitted electrons are called 

photoelectrons and the current so produced is called 

photoelectric current. 

Hertz’ Observation The phenomenon of photo electric 

emission was discovered in 1887 by Heinrich Hertz 

during his electromagnetic wave experiment. In his 

experimental investigation on the production of 

electromagnetic waves by means of spark across the 

detector loop were enhanced when the emitter plate was 

illuminated by ultraviolet light from an arc lamp. 

Lenard’s Observation Lenard observed that when 

ultraviolet radiation were allowed to fall on emitter plate 

of an evacuated glass tube enclosing two electrodes, 

current flows. As soon as, the ultraviolet radiations were 

stopped, the current flows also stopped. These 

observations indicate that when ultraviolet radiations fall 

on the emitter plate, electrons are ejected from it which 

are attracted towards the positive plate by the electric 

field. 

2. Terms Related to Photoelectric Effects 

There are many terms related to photoelectric effects 

which are of follow. 

(i) Free Electrons In metals, the electrons in the outer 

shells (valence electrons) are loosely bound to the atoms, 
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hence they are free to move easily within the metal 

surface but cannot leave the metal surface. Such electrons 

are called free electrons. 

(ii) Electron Emission The phenomenon of emission of 

electrons from the surface of a metal is called electron 

emission. 

(iii) Photoelectric Emission It is the phenomenon of 

emission of electrons from the surface of metal when 

light radiations of suitable frequency fall on it. 

(iv) Work Function The minimum amount of energy 

required to just eject an electron from the outer most 

surface of metal is known as work function of the metal. 

(v) Cut-off Potential For a particular frequency of 

incident radiation, the minimum negative (retarding) 

potential V0 given to plate for which the photoelectric 

current becomes zero, is called cut-off or stopping 

potential. 

 
(vi) Cut-off Frequency The minimum frequency of light 

which can emit photoelectrons from a material is called 

threshold frequency or cut-off frequency of that material. 

(vii) Cut-off Wavelength The maximum wavelength of 

light which can emit photoelectrons from a material is 

called threshold wavelength or cut-off wavelength of that 

material. 

3. Effect of Intensity of Light on Photo current For a 



139 
 

fixed frequency of incident radiation, the photoelectric 

current increases linearly with increase in intensity of 

incident light. 

 
4. Effect of Potential on Photoelectric Current For a 

fixed frequency and intensity of incident light, the 

photoelectric current increases with increase in the 

potential applied to the collector. When all the 

photoelectrons reach the plate A, current becomes 

maximum it is known as saturation current. 

 
5. Effect of Frequency of Incident Radiation on 

Stopping Potential We take radiations of different 

frequencies but of same intensity. For each radiation, we 
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study the variation of photoelectric current against the 

potential difference between the plates. 

 

6. Laws of Photoelectric Emission 

(i) For a given material and a given frequency of incident 

radiation, the photoelectric current number of 

photoelectrons ejected per second is directly proportional 

to the intensity of the incident light. 

(ii) For a given material and frequency of incident 

radiation, saturation current is found to be proportional to 

the intensity of incident radiation, whereas the stopping 

potential is independent of its intensity. 

(iii) For a given material, there exists a certain minimum 

frequency of the incident radiation below which no 

emissions of photoelectrons takes place. This frequency 

is called threshold frequency. 

Above the threshold frequency, the maximum kinetic 

energy of the emitted photoelectron or equivalent 

stopping potential is independent of intensity of incident 

light but depends only upon the frequency (or 

wavelength) of the incident light. 

(iv) The photoelectric emission is an instantaneous 
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process. The time lag between the incidence of radiations 

and emission of photoelectron is very small, less than 

even 10
-9

 s. 

7. Einstein Photoelectric Equation Energy Quantum of 

Radiation, 

 Kmax = hv – Ф0 where, hv = energy of photon and Ф = 

work-function 

NOTE. According to Planck‘s quantum theory, light 

radiations consist of tiny packets of energy called quanta. 

One quantum of light radiation is called a photon which 

travels with the speed of light. 

8. Relation between Stopping Potential (V0) and 

Threshold Frequency (v0) 

 

 
9. Important Graphs related to Photoelectric Effect 
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(iii) Frequency (v) and photoelectric current (I) graph. 

This graph shows that the photoelectric current (I) is 

independent of frequency of the incident light till 

intensity remains constant. 
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(iv) Intensity and stopping potential (V0) graph 

 

(v) Photoelectric current (I) and time lag (t) graph is given by 

 

 

 

 



144 
 

ALL POSSIBLE FORMULA 

 

Short Answer Question (1 marks) 

1. Mention one physical process for the release of electron 

from the surface of a metal?  

2. The maximum kinetic energy of photoelectron is 2.8 eV. 

What is the value of stopping potential? 

3. Show graphically how the stopping potential for a given 

photosensitive surface varies with the frequency of 

incident radiations?  
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4. How does the stopping potential applied to a photocell 

change if the distance between the light source and the 

cathode of the cell is doubled?  

5. On what factor does the retarding potential of a photocell 

depend? 

6. Electron and proton are moving with same speed, which 

will have more wavelength?  

7. Define intensity of radiation in photon picture of light. 

8. The stopping potential in an experiment on photoelectric 

effect is 1.5 V. What is the maximum kinetic energy of 

the photoelectrons emitted?  

9. The maximum kinetic energy of a photoelectron is 3 eV. 

What is its stopping potential? 

10. The wavelength of electromagnetic radiation is 

doubled. What will happen to the energy of photon?  

11. If the maximum kinetic energy of electrons emitted 

by a photocell is 4 ev. What is the  Stopping potential? 

12. What is the energy associated in joules with a photon 

of wavelength 4000A0? 
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13. The photoelectric cut-off voltage in a certain 

experiment is 1.5V. What is the maximum Kinetic 

energy? 

14. Calculate the work function of a metal in eV. If  its 

threshold wavelength is 6800A
0
? 

15. What is the momentum of a photon of energy 120 

MeV? 

16. What is the de-Broglie wavelength (in A0) 

associated with an electron accelerated through  a 

Potential of 100V? 

17. Calculate the ratio of de-Broglie wavelength 

associated with a deuteron moving with velocity 2V and 

an alpha particle moving with velocity V? 

18. Two beams, one of red light and other of blue light, 

of same intensity are incident on a metallic surface to 

emit photoelectrons. Which one of the two beams emits 

electrons of greater kinetic energy? 

19. What is the stopping potential applied to a photocell, 

in which electrons with a maximum kinetic energy of 5.6 

eV are emitted. 

20. Work functions of cesium m and lead are 2 .14 eV 

and 4.25 eV respectively. Which of the two has a higher 

threshold wavelength?  

21. The stopping potential in an experiment on 

photoelectric effect is 2 V. What is the maximum kinetic 

energy of the photoelectrons emitted? 

Short Answer Type SA-(2 Marks) 

1. In the wave picture of light, intensity of light is 

determined by the square of the amplitude of the wave. 
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what determines the intensity in the photon picture of 

light?  

2. Monochromatic light of frequency 6.0 × 1014 Hz is 

produced by a laser the power emitted is 2.0 × 10-3 W. 

estimate the number of photons emitted per second on an 

average by the source.  

3. A Proton and an α-particle have the same de-Broglie 

wavelength. determine the ratio of  

(I) their accelerating potentials  

(II) their speeds 

4. A Proton and an Alpha particle are accelerated through 

the same potential, which one of the two has  

(I) greater value of de Broglie wavelength associated with it, 

and 

(II) less kinetic energy. give reason to support your 

answer.  

5. Two monochromatic radiation of frequency v1 and v2 

(v1 > v2) and having the same intensity are in turn, 

incident on a photosensitive surface to cause 

photoelectric emission. 

explain giving reason in which case  

(I) more number of electrons will be emitted and  

(II) maximum kinetic energy of the emitted 

photoelectrons will be more.  

6. To monochromatic radiations, blue and violet of the same 

intensity are incident on a photosensitive surface and 

cause photoelectric emission. Would 

(I) the number of electrons emitted per second and 

(II) the maximum kinetic energy of the electrons be 

equal in two cases? justify your answer 

7. Write the Einstein‘s Photoelectric equation. state clearly 

the three salient features observed in Photoelectric effect 

which can be explained on the basis of above equation.  
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8. Describe briefly three experimentally observed features 

in the phenomenon of Photoelectric effect.  

9. An α-particle and a Proton are accelerated through the 

same potential difference. Find the ratio of their de-

Broglie wavelengths.  

10. The wavelength λ of a photon and the de-Broglie 

wavelength of an electron have the same value. show that 

energy of photon is (2λ mc / h) times the kinetic energy 

of electron, where m, c and h have their usual meaning.  

11. When an electron in hydrogen atom jumps from the 

third excited state to the ground state, how would the de-

Broglie wavelength associated with the electron change? 

justify your answer.  

12. State de-Broglie hypothesis.  

13. A proton and deutron are accelerated through the 

same accelerating potential. which of the two has  

(I) greater value of de Broglie wavelength associated with it 

and  

(II) less Momentum? give reasons to justify your answer 

14. A deuteron and an α-particle are accelerated with the 

same accelerating potential. which one of the two has  

(I) greater value of the de-Broglie wavelength, associated 

with it and  

(II) less kinetic energy?  

15. An electron is revolving around the nucleus with a 

constant speed of 2.2 × 10
8 

m/s. find the de- Broglie 

wavelength associated with it.  

16. An electron is accelerated through a potential 

difference of 100 V. what is the de-Broglie wavelength 

associated with it? to which part of the electromagnetic 

spectrum does this value of wavelength correspond?  

17. Find the ratio of de-Broglie wavelengths associated 

with  
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(I) Protons, accelerated through a potential of 128 V and  

(II) α-particle is accelerated through a potential of 64 V.  

18. The ratio between the de-Broglie wavelengths 

associated with protons, accelerated through a potential 

of 512 V and α-particles, accelerated through a potential 

of X volt is found to be one. find the value of X.  

19. Calculate the ratio of the accelerating potential 

required to accelerate a Proton and an  α-particle to have 

the same de-Broglie wavelength associated with them.  

20. Crystal diffraction experiments can be performed 

either by using electrons accelerated through appropriate 

voltage or by using X-rays. if the wavelength of these 

probes (electron or X-rays) is 1 Å, estimate which of the 

two has greater energy.  

21. Write Einstein‘s Photoelectric equation. explain the 

terms  

(I)  threshold frequency, and 

(II)  stopping potential.  

22. Compute the typical de-Broglie wavelength of an 

electron in a metal at 27° C and compass it with the mean 

separation between two electrons in a metal which is 

given to be about 2 × 10
-10

 m. 

23. An electron is accelerated through a potential 

difference of 100 volts what is the de Broglie wavelength 

associated with it? to which part of the electromagnetic 

spectrum does this value of wavelength correspond?  

24. An electron and a Proton are moving in the same 

direction with same kinetic energy. find the ratio of de-

Broglie wavelengths associated with this particles.  

25. For what kinetic energy of a Neutron, will the 

associated de-Broglie wavelength be 1.32 × 10
-10

 m? 

given that mass of a neutron = 1.675 10
-27

 kg. 
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26. A proton and deutron are accelerated through the 

same accelerating potential. which one of the two has  

(a) greater value of de Broglie wavelength associated with it, 

and 

(b)  less Momentum? give reason to justify your answer.  

27. Show that the wavelength of electromagnetic 

radiation is equal to the de-Broglie wavelength of its 

Quantum (Photon). T 

28. he threshold frequency for a certain metal is 3.3 x 

1014 Hz. If the light of frequency 8.2 x 10
14

 Hz is 

incident on the metal, predict the cut-off voltage for the 

photoelectric emission. 

29. The work function for a certain metal is 4.2 eV. Will 

this metal give photoelectric emission for incident 

radiation of wavelength 330 nm? 

Long Answer Type LA-(3 Marks) 

1. (I) write the important properties of photons which are 

used to establish Einstein‘s Photoelectric equation. 

(II) use this equation to explain the concept of (a) Threshold 

frequency and (b) stopping potential. 

2. (I) Describe briefly three experimentally observed 

features in the phenomenon of Photoelectric effect. 

 (II) discuss briefly how wave theory of light cannot explain 

this features. 

3. A beam of monochromatic radiation is incident on a 

photosensitive surface answer the following question 

giving reasons.  

(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? 
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(III) on what factor does the number of emitted 

photoelectrons depend? 

4. (I)  Why Photoelectric effect cannot be explained on the 

basis of wave nature of light? give reasons. 

(II)  write the basic feature of photon picture of 

electromagnetic radiation on which Einstein‘s 

Photoelectric equation is based. 

5. Define the terms threshold frequency and stopping 

potential in the study of photoelectric emission. explain 

briefly the reasons why wave theory of light is not able to 

explain the observed features in Photoelectric effect? 

6. (a)  In Photoelectric effect, do all the electrons which 

absorb a photon come out as photoelectrons irrespective 

of their location? Explain.  

(b) a source of light, of frequency greater than the threshold 

frequency, is placed at a distance ‗d‘ from the cathode of 

a photocell. the stopping potential is found to be V. if the 

distance of the light source is produced to d/n (where n > 

1), explain the changes that are likely to be observed in 

the (i) photoelectric current and (ii) stopping potential.  

7. In a plot of photoelectric current versus anode potential, 

how does  

(i) the saturation current vary with anode potential for 

incident radiations of different frequency but same 

intensity?  

(ii) the stopping potential vary for incident radiation of 

different intensities but same frequency? (iii) 

photoelectric current vary for different intensities but 

same frequency of incident radiations? 

 justify your answer in each case. 
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8. (I) Write Einstein‘s Photoelectric equation state clearly 

how this equation is obtained using the photon picture of 

electromagnetic radiation. 

(II) write the three salient features observed in Photoelectric 

effect which can be explained using this equation. 

9. (a) What is Photoelectric effect?  

(b) using Photon picture of light show how Einstein‘s 

Photoelectric equation can be established. 

            © write three salient feature of observed in 

Photoelectric effect which can be explained using this 

equation. 

10. Describe briefly the experimentally observed 

features in the phenomenon of Photoelectric effect. 

11. Write three characteristic features in Photoelectric 

effect which cannot be explained on the basis of wave 

theory of light, but can be explained only using Einstein‘s 

equation. 

12. Write the basic features of the photon picture of 

electromagnetic radiation on which Einstein‘s 

Photoelectric equation is based. 

13. Write two characteristic feature of observed in 

Photoelectric effect which support the photon picture of 

electromagnetic radiation. 

14. Two monochromatic radiations of frequency v1 and 

v2 (v1 > v2) and having the same intensity are, in turn, 

incident on a photosensitive surface to cause 

photoelectric emission. Explain, giving reason, in which 

case  

(i) more number of electrons will be emitted and  

(ii) maximum kinetic energy of the emitted 

photoelectrons will be more. 
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15. A beam of monochromatic radiation is incident on a 

photosensitive surface answer the following questions 

giving reasons . 

(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? 

16. Light of intensity ‗I‘ and frequency ‗v' is incident on 

a photosensitive surface and causes photoelectric 

emission. what will be the effect on anode current when  

(i) the intensity of light is gradually increased,  

(ii) the frequency of incident radiation is increased, and 

(iii) the anode potential is increased? in each case, all 

other factors remain the same. Explain, giving 

justification in each case. 

17. State how in a photo-cell, the work function of the 

metal influence the kinetic energy of emitted electrons.  

(a) if the intensity of incident radiation is doubled what 

changes occur in 

(i) the stopping potential and 

(ii) the photoelectric current?  

(b) if the frequency of the incident radiation is doubled what 

changes occur in the  

(i) stopping potential and  

(ii) photoelectric current? 

18. In the frequency of the incident radiation of the 

cathode of a photocell is doubled how will the following 

change.  

(i) kinetic energy of the electrons? 

(ii) photoelectric current? 



154 
 

(iii)  stopping potential ?  

justify your answer. 

19. Radiation of frequency 1015 Hz is incident on three 

photosensitive surfaces A, B and C. following 

observation are recorded. 

 surface A . no photo emission occurs. 

 surface B . photo-emission occurs but the photoelectrons 

have zero Kinetic Energy. 

 Surface C . photo-emission occurs and photoelectrons have 

some kinetic energy. 

 based on Einstein‘s Photoelectric equation explain the three 

observations. 

20. (I) State two important features of Einstein‘s 

Photoelectric equation. 

(II)  Radiation of frequency 1015 Hz is incident on two 

photosensitive surface P and Q. there is no photoemission 

from surface P. photoemission occurs from surface Q but 

photoelectrons have zero kinetic energy. explain this 

observation and find the value of work function for 

surface Q. 

    21. The work function of caesium metal is 2.14 eV. When 

light of frequency 6 × 1014 Hz is incident on the metal 

surface, photoemission of electrons occurs. What is the 

(a) maximum kinetic energy of the emitted electrons 

(b) Stopping potential 

(c) maximum speed of the emitted photoelectrons? 

22. Monochromatic light of wavelength 632.8 nm is 

produced by a 

helium-neon laser. The power emitted is 9.42 mW. 

(a) Find the energy and momentum of each photon in the 

light beam 
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(b) How many photons per second, on the average, arrive at 

a target irradiated by this beam? (Assume the beam to 

have a uniform cross-section which is less than the target 

area) 

(c) How fast does a hydrogen atom have to travel in order to 

have the same momentum as that of the photon? 

23. Light of frequency 7.21 x 1014 Hz is incident in a metal 

surface. Electrons with a maximum speed of 6.0 x 105 

m/s are ejected from the surface. What is the threshold 

frequency for photoemission of electrons? 

24. Light of wavelength 488 nm is produced by an argon 

laser which is used in the photoelectric effect. When light 

from this spectral line is incident on the emitter, the 

stopping (cut-off) potential of photoelectrons is 0.38 V. 

Find the work function of the material from which the 

emitter is made. 

25. Calculate the 

(a) momentum, and 

(b) the de Broglie wavelength of the electrons accelerated 

through a potential difference of 56 V. 

26.  What is the. 

(a) Momentum, 

(b) Speed, and 

(c) De Broglie wavelength of an electron with a kinetic 

energy of 120 eV. 

27. What is the de Broglie wavelength of. 

(a) a bullet of mass 0.040 kg travelling at the speed of 1.0 

km/s, 

(b) a ball of mass 0.060 kg moving at a speed of 1.0 m/s, and 

(c) a dust particle of mass 1.0 × 10-9 kg drifting with a speed 

of 2.2 m/s? 
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28. An electron and a photon each have a wavelength of 

1.00 nm. Find. 

(a) Their momenta, 

(b) The energy of the photon, and 

(c) The kinetic energy of the electron. 

29. (a) For what kinetic energy of a neutron will the 

associated de Broglie wavelength be 1.40 x 10-10 m? 

(b) Also find the de Broglie wavelength of a neutron, in 

thermal equilibrium with matter, having an average 

kinetic energy of (3/2) kT at 300 K. 

30. Show that the wavelength of electromagnetic radiation is 

equal to the de Broglie wavelength of its quantum 

(photon). 

Multiple Choice Questions 
1.  Protons and alpha particles have the same de-

Broglie wavelength. What is same for both of 

them ? 

(a) Energy 

(b) Time period 

(c) Frequency 

(d) Momentum 

2.  Kinetic energy of emitted electrons depends 

upon : 

(a) frequency 

(b) intensity 

(c) nature of atmosphere surrounding the 

electrons 

(d) none of these 

3.  The work function of photoelectric material is 

3.3 eV. The threshold frequency will be equal 

to: 

(a) 8 × 10
14

 Hz 

(b) 8 × 10
10

 Hz 

(c) 5 × 10
10

 Hz 
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(d) 4 × 10
14

 Hz 

4.  Which of the following shows particle nature of 

light? 

(a) Refraction 

(b) Interference 

(c) Polarization 

(d) Photoelectric effect 

5.  The momentum of an electron that emits a 

wavelength of 2 Å. will be: 

(a) 6.4 × 10
-36

 kgms
-1

 

(b) 3.3 × 10
-24

 kgms
-1

 

(c) 3.3 × 10
-34

 kgms
-1

 

(d) none of these 

6.  In photo electric emission, for alkali metals the 

threshold frequency lies in the: 

(a) visible region 

(b) ultraviolet region 

(c) infrared region 

(d) far end of the infrared region 

7.  What is the de-Broglie wavelength of an 

electron accelerated from rest through a 

potential difference of 100 volts? 

(a) 12.3 Å 

(b) 1.23 Å 

(c) 0.123 Å 

(d) None of these 

8.  When a yellow light is incident on a surface, no 

electrons are emitted while green light can emit 

electrons. If the red light is incident on the 

surface then: 

(a) no electrons are emitted 

(b) photons are emitted 

(c) electrons of higher energy are emitted 

(d) electrons of lower energy are emitted 

9.  When an electron jumps across a potential 
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difference of 1 V, it gains energy equal to: 

(a) 1.602 × 10
-19

 J 

(b) 1.602 × 10
19

 J 

(c) 1.602 × 10
24

 J 

(d) 1 J 

10.  The de-Broglie wavelength of particle of mass 1 

mg moving with a velocity of 1 ms-1, in terms 

of Planck‘s constant h, is given by (in metre): 

(a) 10
5
 h 

(b) 10
6
 h 

(c) 10
-3

 h 

(d) 10
3 

h 

11.  Light of frequency 1.9 times the threshold 

frequency is incident on a photosensitive 

material. If the frequency is halved and intensity 

is doubled, the photocurrent becomes 

 

(a) Doubled 

(b) Quadrupled 

(c) Halved 

(d) zero 

12.  For a metal having a work function W0, the 

threshold wavelength is λ. What is the threshold 

wavelength for the metal having work function 

2W0? 

(a) λ/4 

(b) λ/2 

(c) 2λ 

(d) 4λ 

13.  The stopping potential V0 for photoelectric 

emission from a metal surface is plotted along 

with the y-axis and frequency v of incident light 

along the x-axis. A straight line is obtained as 

shown. Planck‘s constant is given by 
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(a) product of the slope of the line and charge 

on the electron 

(b) intercept along y-axis divided by the charge 

on the electron 

(c) product of the intercept along x-axis and 

mass of the electron 

(d) the slope of the line 

14.   What is the ratio of the de Broglie wavelengths 

proton and an α particle if they are accelerated 

by the same potential difference? 

(a) 2√2: 1 

(b) 3:2 

(c) 3√2: 1 

(d) 2: 1 

15.  Which of the following statements is true 

regarding the photoelectric experiment? 

(a) The stopping potential increases with the 

increase in the intensity of incident light. 

(b) The photocurrent increases with the 

intensity of light. 

(c) The photocurrent increases with the 

increase in frequency 

(d) All of the above 

16.  Photoelectric emission occurs only when the 

incident light has more than a certain minimum 
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(a) power 

(b) wavelength 

(c) intensity 

(d) frequency 

17.  The work-function of a metal is 

(a) the minimum current required to take out 

electron from the metal surface 

(b) the maximum frequency required to take out 

electron from the metal surface 

(c) the minimum amount of energy required to 

take out the electron from the metal surface 

(d) None of these 

18.  The work function of a metal is independent of 

(i) nature of the surface of the metal 

(ii) dimensions of the metal 

(iii) properties of the metal 

(iv) abundance of the metal 

(a) (i) only 

(b) (i) and (iii) 

(c) (ii) and (iii) 

(d) (ii) and (iv) 

19.  The photoelectric current does not depend upon 

the 

(i) frequency of incident light 

(ii) work function of the metal 

(iii) stopping potential 

(iv) intensity of incident light 

(a) (i) and (iv) only 

(b) (ii) and (iii) only 

(c) (iii) only 

(d) (ii) only 

20.  The stopping potential is directly related to 

(a) the work function of the metal 

(b) intensity of incident radiation 

(c) the saturation current for the given frequency 



161 
 

(d) the kinetic energy gained by the 

photoelectrons 

21.  Photoelectric effect shows 

(a) wave like behaviour of light 

(b) paritcle like behaviour of light 

(c) both wavelike and paticle like behaviour 

(d) neither wave like nor particle like behaviour 

of light  
22.  In Einstein‘s picture of Photoelectric emission, 

the photoelectric emission does not take place 

by 

(a) continuous emission of energy from 

radiation 

(b) continuous absorption of energy from 

radiation 

(c) discrete absorption of energy from radiation 

(d) discrete emission of energy from radiation 

23.  Photons are deflected by 

(a) electric field only 

(b) magnetic field only 

(c) electromagnetic field 

(d) None of these 

24.  Electrically, photons are 

(a) positively charged 

(b) negatively charged 

(c) neutral 

(d) strongly charged, may be positive or 

negative 

25.  Of the following properties, the photon does not 

possess 

(a) rest mass 

(b) momentum 

(c) energy 

(d) frequency 

26.  The momentum of a photon of wavelength λ is 
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(a) hλ 

(b) h/λ 

(c) λ/h 

(d) h/cλ 

27.  The photoelectric effect is based on the law of 

conservation of 

(a) momentum 

(b) energy 

(c) angular momentum 

(d) mass 

28.  When light is incident on a metal surface the 

maximum kinetic energy of emitted electrons 

(a) vary with intensity of light 

(b) vary with frequency of light 

(c) vary with speed of light 

(d) vary irregularly 

29.  The minimum energy required to eject an 

electron, from the metal surface is called 

(a) atomic energy 

(b) mechanical energy 

(c) electrical energy 

(d) work function  

30.  The work function for photoelectric effect 

(a) is different for different metals 

(b) is same for all metals 

(c) depends upon the intensity of incident light 

(d) depends upon the frequency of incident light 

Assertion Reason Type questions 
For question numbers 1 to 10, two statements are given-one 

labelled Assertion (A) and the other labelled Reason (R). 

Select the correct answer to these questions from the codes 

(a), (b), (c) and (d) as given below.  

a) Both A and R are true and R is the correct explanation of 

A  
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b) Both A and R are true but R is NOT the correct 

explanation of A  

c) A is true but R is false  

d) A is false and R is also false 

1.  Assertion : In process of photoelectric emission, all 

emitted electrons do not have same kinetic energy. 

Reason : If radiation falling on photosensitive 

surface of a metal consists of different wavelength 

then energy acquired by electrons absorbing 

photons of different wavelengths shall be different. 

2.  Assertion : Though light of a single frequency 

(monochromatic) is incident on a metal, the 

energies of emitted photoelectrons are different. 

Reason : The energy of electrons emitted from 

inside the metal surface, is lost in collision with the 

other atoms in the metal. 

3.  Assertion : Photoelectric saturation current 

increases with the increase in frequency of incident 

light. 

Reason : Energy of incident photons increases with 

increase in frequency and as a result photoelectric 

current increases.  

4.  Assertion : Photosensitivity of a metal is high if its 

work function is small. 

Reason : Work function = hf0 where f0 is the 

threshold frequency.  

5.  Assertion : The kinetic energy of photoelectrons 

emitted from metal surface does not depend on the 

intensity of incident photon. 

Reason : The ejection of electrons from metallic 

surface is not possible with frequency of incident 

photons below the threshold frequency.  

6.  Assertion: Photoelectric effect demonstrates the 

wave nature of light. 

Reason: The number of photoelectrons is 
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proportional to the frequency of light.  

7.  Assertion: If a proton and electron are moving 

same velocity, then wavelength of de-Broglie wave 

associated with electron is longer than that 

associated with proton.  

Reason: The wavelength of de-Broglie wave 

associated with a moving particle is inversely 

proportional to its mass. 

8.  Assertion: If a photon and electron have same de-

Broglie wavelength, they will possess equal energy.  

Reason: Both the photon and electron possess rest 

mass energy.   

9.  Assertion: Higher the work function of a metal, 

greater is the threshold frequency. 

Reason: The work function of alkali metals is 

usually lower than that for other metals.  

10.  Assertion: The slope of the plot of Einstein‘s 

photoelectric equation is equal to Planck‘s constant. 

Reason: The intercept made by the plot of 

Einstein‘s photoelectric equation on the frequency 

axis is equal to threshold frequency of the metal. 

CASE STUDY BASED QUESTIONS 
Case 1 

 Photoelectric effect is the phenomenon of emission of 

electrons from a metal surface, when radiations of suitable 

frequency fall on them. The emitted electrons are called 

photoelectrons and the current so produced is called 

photoelectric current. 

 

(i) With the increase of intensity of incident radiations on a 

photo tube, the number of photoelectrons emitted per unit 

time  

(a) increases (b) decreases 

(c) remains same (d) none of these 
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(ii) It is observed that photoelectron emission stops at a 

certain time t after the light source is switched on. The 

stopping potential (V) can be represented as 

(a) 2(KEmax/e) (b) (KEmax/e) 

(c) (KEmax/3e) (d) (KEmax/2e) 
(iii) A point source of light of power 3.2 x 10

-3
 W emits 

monoenergetic photons of energy 5.0 eV and work function 

3.0 eV. The efficiency of photoelectron emission is 1 for 

every 10
6
 incident photons. Assume that photoelectrons are 

instantaneously swept away after emission. The maximum 

kinetic energy of photon is 

(a) 4 eV (b) 5 eV 

(c) 2 eV (d) Zero 
(iv) Which of the following device is the application of 

Photoelectric effect? 

(a) Light emitting diode (b) Diode 

(c) Photocell (d) Transistor 
(v) If the frequency of incident light falling on a 

photosensitive metal is doubled, the kinetic energy of the 

emitted photoelectron is 

(a) unchanged (b) halved 

(c) doubled (d) more than twice its initial value 

 

Case 2 

According to Einstein, when a photon of light of frequency v   

or wavelength λ is incident on a photosensitive metal surface 

of work function ϕ0 here ϕ0< hv (here, h is Planck's 

constant), then the emission of photoelectrons takes place. 

The maximum kinetic energy of the emitted photoelectrons 

is given by Kmax = hv - ϕ0. If the frequency of the incident 

light is v0 called threshold frequency, the photoelectrons are 

emitted from metal without any kinetic energy. So hv0 = ϕ0. 

(i) A metal of work function 3·3 eV is illuminated by light 

of wavelength 300 nm. The maximum kinetic energy of 

photoelectrons emitted is (taking h = 6·6 x 10
-34

 Js 
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(a) 0.413 eV (b) 0.825 eV (c) 1.65 eV (d) 1.32 eV 
(ii) The variation of maximum kinetic energy (Kmax) of the 

emitted photoelectrons with frequency (v) of the incident 

radiations can be represented by 

 

   

                            
(iii) The variation of photoelectric current (i) with the 

intensity of the incident radiation (I) can be represented by 
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(iv) The graph between the stopping potential (V0) 

and (1/λ) is shown in the figure. ϕ1, ϕ2, and ϕ3 are work 

function. Which of the following options is correct? 

 

 
 

 (a) ϕ1:ϕ2:ϕ3 =1:2:3 

 (b) ϕ1:ϕ2:ϕ3 =4:2:1  

 (c) ϕ1:ϕ2:ϕ3 =1:2:4 

 (d) None of the above. 

(v) Which of the following figures represent the variation of 

particle momentum and the associated de- Broglie 

wavelength? 
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Case 3 

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  
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(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  

5. Moving with the same velocity, which of the following 

has the longest de Broglie wavelength?  

(a) Electron 

(b) α -particle  

(c) proton  

(d) neutron. 

Answer Key (1 Mark) 
 1. Photoelectric emission. 

 2. 2.8 V 

 3. threshold of frequency or cut off frequency  

 
 4. Stopping potential does not depend on the intensity of the 

light source which changes due to the change in distance 

from the light source. 
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 5.It depends upon the frequency of the incident light. 

 6. Since so electron being lighter will have more 

wavelength. 

 7. The photon incident on unit area of a surface in unit time.

     

 8. KEmax = eV0 =>KEmax = 1.5 eV 

 9. KEmax = 3eV => 3eV = eV0 => V0 = 3V 

 10. Half        

 11. 4 Volt        

 12. 4.96 X 10 
-19

 joule        

 13. 2.4 × 10
−19

J      

 14. W =1.825 eV  

 15. 5.92 X 10 -24 Kg m/sec          

 16. 1.23 A
0
   

 17. 1.1 

 18. Blue Light 

 19. 5.6 V  

 20.  Threshold wavelength inversely proportional to Work 

function.  

Hence· cesium has a higher threshold wavelength for 

photoelectric emission. 

 21. KEmax = eV0 = e(2V) = 2 eV 

Answer Key (2 Mark) 
1. For a given frequency, intensity of light in the photon 

picture is determined by 

I = Energy of photons / area × time 

= n × hv / A × t 

Where, n is the number of photons incident normally on 

crossing area A in time t.  

2. Here frequency v = 6.0 × 1014 Hz and power of laser P = 

2.0 × 10-3 W 
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 number of photons emitted per second by laser source n = P 

/ hv 

n = 2.0 × 10-3 / (6.63 × 10-34) × (6.0 × 1014) = 5.03 × 1015 

3. As per question λp = λα but λ = h / √2qm V = h/mv 

(I) ∴  h/√2empvp = h/√2(2e) (4mp) vα 

⇒ 2empvp = 16empVα ⇒ vp/vα = 8/1 

(II) Again λ = h/mpvp = h/ mα vα = h/mpvα 

⇒ mpvp = mpVα ⇒ vp/ vα = 4/1 

4. We know de-Broglie wavelength associated with a 

particle of charge q, mass m, accelerated through a 

potential V is given by 

λ = h/√2 qmV 

(I) Here accelerating potential V is constant for Proton as 

well as α-particle hence λ ∝ 1 / √qm. As value of ‗qm' is 

less for Proton hence de-Broglie wavelength for Proton is 

more.  

(II) the kinetic energy of charged particle K = qv. as charge 

of proton is less than that of α-particle, the kinetic energy 

of proton is less.  

5. (I) same as intensity is same  

(II)  hv =  Ф0 + KEmax 

∴ for given  Ф0 (work function of metal)  

Kmax increases with v 

∴ Maximum kinetic energy of emitted photoelectron will be 

more for monochromatic light of frequency v1 (as v1 > 

v2).  

6. The intensities for both the monochromatic radiation are 

same but their frequency are different. This,  

(I) the number of electrons ejected in two cases are same 

because it in it depends on the number of incident 

photons.  

(II) As, KEmax = hv -  Ф0 [Einstein‘s Photoelectric current] 
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 the KEmax of violet radiation will be more.  

7. Correct answer 

8. Correct answer 

9. We have de-Broglie wavelength 

λ = h / √2mqv 

Where v is potential difference, q is charge of the particle 

and m is mass of the particle.  

Given, Vα = vp = V 

λα / λp = √2mpqpv / √2mαqαv = √mpqp / √mαqα = √1 / √4 

× 2 = 1 / 2√2 

10. Given that λ is the wavelength of the photon. the de-

Broglie wavelength of the electron is λ = h/mv. kinetic 

energy of electron,  

Ee = ½ mv2 = ½ m( h/mλ)2 = h2/2mλ2 

We know at energy of photon is Ep = hc/ λ 

On dividing Eq. (I) by Eq. (II),  

Ee / Ep = h2/2m λ2 × λ/hc ⇒ Ep = 2 λmc/h Ee 

11. we know that, λ = h/p = h/mv 

mv = h/ λ 

mvr = hr/ λ = nh/2λ 

λ = 2π/nh × hr = 2πr/n 

As, r ∝ n2 

λ ∝ 1/(n2) = n 

Thus, we can say that, λ3 / λ1 = 3/1 ⇒ λ1 = λ3 /3 

Thus, wavelength decreases three times as an electron jumps 

from third excited state to the ground state. 

12. De-Broglie hypothesis a moving object sometimes 

acts as a  wave and sometimes as a particle or a wave is 

associated with the moving particle which control This 

particle in every respect. this wave associated with the 
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moving particle is called matter wave or de-Broglie wave. 

its wavelength is given by 

λ = h/mv 

 where, h = Planck's Constant, m = mass of object, v = 

velocity of the object. 

13. (I)  de-Broglie wavelength is given by 

λ = h/√2mV0q  

λ∝ 1/√m 

[ since V0 and q are same, because proton are deuteron have 

been accelerated same potential and have same charge] 

 Since, mass of proton is less as compared to a deuteron. so 

it will have higher value of de-Broglie wavelength 

associated with it.  

(I) De-Broglie wavelength is given by 

λ = h/p  

p = h/λ 

As, λd < λp 

So, pd > pp 

14. (I) De-Broglie wavelength is given by 

λ = h/√2mV0q 

λ ∝ 1/√mq 

λd/ λa = 1/√2me / 1/√4m2e = 2/1 

Wavelength of deutrons is 2 times the wavelength of Alpha 

particle. 

(II) KEd/ KEa = V0e/ V0 2e = ½ 

KE of deutron is half of KE of Alpha particle. 

15. Given, v = 2.2 × 108 m/s  

De-Broglie wavelength is given by 

λ = h/mv 

Here, m = 9.1 × 10-31 kg 

h = 6.63 × 10-34 kg-m2-s 
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Substituting all values in Eq. (I), we get 

λ = 6.63 × 10-34 / 9.1 × 10-31 × 2.2 × 108  

λ = 3.31 × 10-12 m 

16.  Given, V = 100V. wavelength of accelerated 

electron beam from De-Broglie equation 

λ = 12.27/√V Å 

For V = 100 V 

λ = 1.227 Å  

this wavelength belongs to the X-ray part of the 

electromagnetic radiation.  

or 1.02 Å  

this wavelength belongs to X-ray part of electromagnetic 

spectrum. 

 Or λ = 1.5 Å and X-ray. 

17. De-Broglie wavelength is given by 

λ = h/√2mK = h/√2mqV 

λ ∝ 1/√mqV 

Where m = mass of charged particle, q = charge, V = 

potential difference 

Therefore ratio of de-Broglie wavelength of proton and 

Alpha particle. 

λα / λp = √mαqαVα / mpqpvp =√(mα / mp) (qα / qp ) (Vα / 

Vp) 

Here, mα / mp = 4, qα / qp = 2 

[( since Alpha particle is 4 times heavier than proton and it 

has double the charge than that of proton)] 

Vα / Vp = 64/128 = ½ 

Therefore  λα / λp = √4×2×1/2 = 2 or λα . λp = 2.1 

18. De Broglie wavelength of accelerated charged 

particle is given by 

λ = h/√2mqV 
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λ ∝ 1/√mqV 

Ratio of wavelengths of protons and Alpha particle 

λα / λp = √(mα / mp) (qα / qp ) (Vα / Vp) 

here, mα / mp = 4, qα / qp = 2  

Vα / Vp = X/512  λα / λp = 1 

1 = √ 4 × 2 × X/512 = X/64 

X = 64 V 

19. Since De-Broglie matter wave equation for 

accelerating charged particle is given by 

λ = h/√2mqV 

Where, h = Planck‘s Constant 

m = mass of charged particle 

q = charge of charged pparticle 

V = potential difference 

λα / λp = √(mα / mp) (qα / qp ) (Vα / Vp) 

λα / λp = 1, mα / mp = 4, qα / qp = 2, (Vα / Vp) = ? 

1 = √4×2×(Vα / Vp) 

1 = 8 × Vα / Vp  

(Vα / Vp) = 8 

Vα . Vp = 8 . 1 

20. For an accelerated electron beam, the de-Broglie 

matter Wave Equation states that 

λ = h/√2emV = h/√2mK 

K = h2 / 2m λ2  

For x-ray of same wavelength, λ = 1 Å 

E` = hv = hc/ λ 

K/E` = h2 / 2m λ2 / hc/ λ2 

K/E` = h2 / 2m λ2 × λ2 / hc = h/ 2mcλ 

Where, h = 6.6 × 10-34 J-s,  c = 3 × 108 m/s 

m = 9.1 × 10-31 kg 

λ = 1 Å = 1 × 10-10 m 
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K/E` = 6.6 × 10-34 / 2 × 9.1 × 10-31 × 3 × 108 × 1 × 10-10  

K/E` = 0.012 

K/E` < 1 

K < E` 

Energy possessed by X-ray is more than electron. 

21. Correct answer 

22. Electrons in metal behave like an electron gas. 

 for electron λde Broglie = h/p = h/√3m kB T 

= 6.63 × 10-34 / √3 × 9.11 × 10-31 × 1.38 × 10-23 × 300 = 

6.2 × 10-9 m 

 Given r = 2 × 10-10 m 

λde Broglie / r = 6.2 × 10-9 / 2 × 10-10 = 31 

Therefore, λde Broglie >> mean separation between 

electrons in a metal. 

23. The accelerating voltage V = 100 V 

therefore de-Broglie wavelength of electron  

λ = h/√2emV = 6.626 × 10-34 / √2 × 1.602 × 9.1 × 10-31 × 

100 

 = 1.227 Å 

24. We know that De Broglie wavelength λ = h/√m v = 

h/ √2m K, where K is the kinetic energy as mp > me , 

hence it is clear that for same kinetic energy.  

λe /λp = √mp / me 

λe > λp i.e., de Broglie wavelength of electron will be 

greater than of proton. 

25. It is given that λ = 1.32 × 10-10 m and mn = 1.675 × 

10-27 kg 

λ = h/√2mn K 

K = h2 / 2mn λ2  

Therefore kinetic energy of neutron  
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K = (6.63 × 10-34 )2 / 2 ×(1.675 × 10-27 ) × (1.32 × 10-10 

)2 = 7.53 × 10-21 J 

26. For an accelerating potential V the de-Broglie 

wavelength of a charged particle of charge q and mass m 

is given by 

λ = h/√2mqV and momentum of particle p = √2mqV 

As mass of deuteron is greater than that of proton i.e., mD > 

mp , hence we conclude that  

(a)  de Broglie wavelength of proton is greater than that of 

deuteron, and  

(b)  momentum of proton is less than that of deuteron. 

   27.  Photon has an energy E = h v = hc/ λ hence 

Momentum p =E/c = h/ λ 

Therefore de Broglie wavelength of photon λde Broglie = 

h/p = h/h/ λ = λ 

λde Broglie = λem radiation. 

28 . Vo = 2.0291 V 

29.  E = 3.76 V. The energy of the incident radiation is 

less than the work function of the metal. Hence, there is 

no photoelectric emission taking place. 

Answer Key (3 Mark) 
1 Correct answer 

2 Correct answer 

3 Correct answer 

4 Correct answer 

5 Correct answer 

6 Correct answer 

7 Correct answer 

8 Correct answer 

9 Correct answer. 

10 Correct answer. 
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11 Correct answer 

12 Correct answer 

13  Correct answer 

14 Correct answer 

15  Correct answer 

16 Correct answer 

17 Correct answer 

18 Correct answer 

19 Correct answer 

20 Correct answer. 

21  (a) The maximum energy (kinetic) by the photoelectric 

effect. 

K =  0.345 eV 

Hence, 0.345 eV is the maximum kinetic energy of the 

emitted electrons. 

(b) For stopping potential Vo, we can write the equation 

for kinetic energy as. 

K = eVo 

= 0.345 V 

Hence, 0.345 V is the stopping potential of the material. 

(c) Maximum speed of photoelectrons emitted = ν 

Therefore, ν = 3.323 x 105 m/s = 332.3 km/s 

Hence, 332.3 km/s is the maximum speed of the emitted 

photoelectrons. 

22  Monochromatic light having a wavelength, λ = 632.8 nm 

= 632.8 × 10-9 m 

Given that the laser emits the power of, P = 9.42 mW = 9.42 

× 10-3 W 

Planck‘s constant, h = 6.626 × 10-34 Js 

Speed of light, c = 3 × 108 m/s 

Mass of a hydrogen atom, m = 1.66 × 10-27 kg 

(a) E =  3.141 x 10-19 J 
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P = 1.047 x 10-27 kg m/s 

(b) Number of photons/second arriving at the target 

illuminated by the beam  = n 

Assuming the uniform cross-sectional area of the beam is 

less than the target area. 

Hence, equation for power is written as. 

P = nE = 3 x 1016 photons/s  

(c) ν = speed of hydrogen atom = 0.621 m/s   

23 νo =  4.738 x 1014 Hz 

24  Work function = 2.16 eV 

25  p = mv 

= 9.1 x 10-31 x 4.44 x 106= 4.04 x 10-24 Kg m/s 

(b) de Broglie wavelength = 0.1639 nm 

26 (a) Momentum of the electron, p = mv = 9.1 × 10-31× 

6.496 × 106 

= 5.91 × 10-24 kg m/s 

(b) speed of the electron, v = 6.496 × 106 m/s 

(c) de Broglie wavelength of an electron having a 

momentum p, is given as. 

= 0.112 nm  

27 (a) Mass of the bullet, m = 0.040 Kg 

Speed of the bullet, v = 1.0 km/s = 1000 m/s 

Planck‘s constant, h = 6.6 x 10-34 Js 

de Broglie wavelength of the bullet is given by the 

relation . 

λ=h/mv = 1.65 x 10-35 m 

(b) Mass of the ball, m = 0.060 Kg 

Speed of the ball, v = 1.0 m/s 

de Broglie wavelength of the ball is = 1.1 x 10-32 m 

(c) Mass of the dust particle, m = 1 x 10-9 Kg 

speed of the dust particle, v = 2.2 m/s 



180 
 

de Broglie wavelength of the dust particle is = 3.0 x 

10-25 m 

28 (a) The momentum of an elementary particle is given by 

de Broglie relation. 

= 6.63 x 10-25 Kg m/s 

(b) The energy of the photon is 1.243 keV. 

(c) The kinetic energy (K) of an electron having 

momentum p, is given by the relation. 

K = 1.51 eV 

1.51eV is the kinetic energy of the electron. 

29 (a) kinetic energy of the neutron is 6.75 x 10-21 J or 

4.219 x 10-2 eV. 

(b) 0.146nm is the de Broglie wavelength of the neutron. 

30 The momentum of a photon having energy (hv) is given 

as. 

p = h/λ 

λ = h/p ………. (i) 

Where, 

λ = wavelength of the electromagnetic radiation 

c = speed of light 

h = Planck‘s constant 

De Broglie wavelength of the photon is given as. 

λ =h/mv 

But, p = mv 

Therefore, λ=h/p   ……………(ii) 

Where, m = mass of the photon 

v = velocity of the photon 

From equation (i) and (ii) it can be concluded that the 

wavelength of the electromagnetic radiation and the 

de Broglie wavelength of the photon are equal. 
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Answer Key (MCQs) 

Q.No. Ans Q.No. Ans Q.No. Ans 

Q1 D Q11 d Q21 b 

Q2 A Q12 b Q22 b 

Q3 A Q13 a Q23 d 

Q4 D Q14 a Q24 c 

Q5 B Q15 b Q25 a 

Q6 A Q16 d Q26 b 

Q7 B Q17 c Q27 b 

Q8 A Q18 d Q28 b 

Q9 A Q19 c Q29 d 

Q10 B Q20 d Q30 a 

Answer Key (ASSERTION REASON) 

Q.No. Ans Q.No. Ans 

Q1 b Q6 d 

Q2 a Q7 a 

Q3 d Q8 d 

Q4 b Q9 b 

Q5 b Q10 a 

Answer Key (case study based) 

Q1 Ans Q2 Ans Q3 Ans 

(i) A (i) b (i) a 

(ii) B (ii) c (ii) d 

(iii) C (iii) a (iii) b 

(iv) C (iv) c (iv) d 

(v) D (v) d (v) a 
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Chapter 12&13 Atom and Nuclei 
BASIC CONCEPTS/GIST OF CHAPTERS 

1. All elements consists of very small invisible particles, 

called atom. Every atom is a sphere of radius of the 

order of 10
-10 

m, in which entire mass is uniformly 

distributed and negative charged electrons revolve 

around the nucleus. 

2. Experimental arrangement for α-scattering experiment 

and trajectory followed by α –particles 

 

 
3.  Impact parameter perpendicular distance of the velocity 

vector of a-particle from the central line of the nucleus 

of the atom is called impact parameter (b). 

 
where, K is KE of α-particle, θ is scattering angle, Z is 

atomic number of the nucleus and e is charge of 

nucleus. 
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4. Basic assumption of Rutherford’s atomic model 

(i) Atom consists of small central core, called atomic 

nucleus in which whole mass and positive charge is 

assumed to be concentrated. 

(ii) The size of nucleus is much smaller than the size of 

the atom. 

(iii) The nucleus is surrounded by electrons and atom is 

electrically neutral. 

(iv) Electrons revolves around the nucleus and 

centripetal force is of eletrostatic nature. 

5.  Distance of Closest Approach At a certain distance 

r0 from the nucleus, whole of the KE of α-particle 

converts into electrostatic potential energy and α-

particle cannot go farther close to nucleus, this distance 

(r0) is called distance of closest approach. 

 
6.  Angle of Scattering Angle by which a-particle gets 

deviated from its original path around the nucleus is 

called angle of scattering. 

7.  Drawbacks of Rutherford’s Model 
(i) Could not explained stability of atom clearly. 

(ii) Unable to explain line spectrum. 

8.  Bohr’s Theory of Hydrogen Atom Bohr combined 

classical and early quantum concepts and gave his 

theory in the form of three postulates. These are 

(i) Bohr‘s first postulate was that an electron in an atom 

could revolve in certain stable orbits without the 

emission of radiant energy, contrary to the predictions 

of electromagnetic theory. 

(ii) Bohr‘s second postulate defines these stable orbits. 

This postulate states that the electron revolves around 

the nucleus only in those orbits for which the angular 

momentum is some integral multiple of h/2π, where h is 
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the Planck‘s constant (= 6.6 x 10
-34

 J – s). Thus, the 

angular momentum (L) of the orbiting electron is 

quantised, i. e. L = nh/2π 

As, angular momentum of electron (L) = mvr 

∴ For any permitted (stationary) orbit, mvr = nh/2π 

where, n = any positive integer i.e. 1, 2, 3, …. 

It is also called principal quantum number. 

(iii) Bohr‘s third postulate states that an electron might 

make a transition from one of its specified non-radiating 

orbits to another of lower energy. When it does so, a 

photon is emitted having energy equal to the energy 

difference between the initial and final states. 

The frequency of the emitted photon is then given by 

hv – Ei– Ef  

where, Ei and Ef  are the energies of the initial and final 

states and Ei > Ef . 

9. Limitations of Bohr’s Model 
(i) Applicable only for hydrogen like atom. 

(ii) Does not explain the fine structure of spectral lines 

in H-atom. 

(iii) Does not explain about shape of orbit. 

10. Energy Level The energy of an atom is the least when 

its electron is revolving in an orbit closest to the nucleus 

i.e. for which n = 1. 

11.  The lowest state of the atom is called the ground state, 

this state has lowest energy. The energy of this state is -

13.6 eV. Therefore, the minimum energy required to 

free the electron from the ground state of the hydrogen 

atom is -13.6 eV. 

12.  (i) Emission Spectrum Hydrogen spectrum consists of 

discrete bright lines a dark 

background and it is specifically known as hydrogen 

emission spectrum. 

(ii) Absorption Spectrum There is one more type of 

hydrogen spectrum exists where we get dark lines on 
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the bright background, it is known as absorption 

spectrum 

13.  The atomic hydrogen emits a line spectrum consisting 

of various series. 
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NUCLEI 

1. In every atom, the positive charge and mass are densely 

concentrated at the centre of the atom forming its 
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nucleus. More than 99.9% mass of the atom is 

concentrated in the nucleus. 

2.  Atomic Mass Unit (amu) The unit to express atomic 

masses is called atomic mass 

unit. Atomic mass unit is defined as 1/12 th of the mass 

of carbon atom (C12). 

 
3.  Composition of Nucleus The composition of a nucleus 

can be described by using the following terms and 

symbols. 

(i) Atomic Number Z Atomic number of an element is 

the number of protons present inside the nucleus of an 

atom of the element. 

Atomic number = Number of protons = Number of 

electrons 

(ii) Mass Number A Mass number of an element is the 

total number of protons and neutrons inside the atomic 

nucleus of the element. 

Mass number = Number of protons + Number of 

neutrons = Number of electrons + Number of neutrons 

i.e. A=Z.+ N 

4. Size of Nucleus If R is the radius of the nucleus having 

mass number A, then 

 

http://www.aplustopper.com/nucleus-of-atom/
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5. Nuclear Density Density of nuclear matter is the ratio 

of mass of nucleus and its volume. 

 
Nuclear Fission If the nucleus of a heavy atom–such as 

uranium–absorbs a neutron, the nucleus can become 

unstable and split. This is called nuclear fission. Fission 

releases energy in the form of heat. 

Nuclear Fusion-Fusion is the opposite reaction of 

fission. In fusion, atoms are fused together. 

For a fusion reaction to occur, it is necessary to bring two 

nuclei so close that nuclear forces become active and glue 

the nuclei together.  

 
 

NUCLEAR FORCES The nuclear force is the force that 

binds the protons and neutrons in a nucleus together. This 

force can exist between protons and protons, neutrons and 

protons or neutrons and neutrons. This force is what holds 

the nucleus together. 

The charge of protons, which is +1e, tends to push them 

away from each other with a strong electric field repulsive 

force, following Coulomb‘s law. But nuclear force is strong 
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enough to keep them together and to overcome that 

resistance at short range. 

Properties of Nuclear Force 

 It is attractive in nature but with a repulsive core. 

That is the reason that the nucleus is held together 

without collapsing in itself. 

 The range of a nuclear force is very short. At 1 

Fermi, the distance between particles in a nucleus is 

tiny. At this range, the nuclear force is much stronger 

than the repulsive Coulomb‘s force that pushes the 

particles away. However, if the distance is anything 

more than 2.5 Fermi, nuclear force is practically non-

existent. 

 The nuclear force is identical for all nucleons. It does 

not matter if it is a neutron or proton, once the 

Coulomb resistance is taken into consideration, 

nuclear force affects everything in the same way. 

 At a distance of less than 0.7 Fermi, this force 

becomes repulsive. It is one of the most interesting 

properties of nuclear force, as this repulsive 

component of the force is what decides the size of 

the nucleus. The nucleons come closer to each other 

till the point that the force allows, after which they 

cannot come any closer because of the repulsive 

property of the force. 

FORMULAS CHAPTER-ATOMS AND NUCLEI 

SR 

N

O 

PHYSIC

AL 

QUANT

ITY 

FORMULA SYMBAL 

MEANING 

1 Impact 

paramete

r 

b = Ze
2
cot(/2)/40(K) K =KE 

2 Distance 

of closest 

r0 =4kZe
2
/mv

2
 K =KE 

https://byjus.com/physics/nucleon/
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approach 

3 The 

frequenc

y (ν) of 

the 

emitted 

photon 

 
h= planks 

constant 

4 Bohr's 

quantisat

ion 

condition 

 L = , 
L= angular 

momentum 

5 , the 

electron 

orbits 

radii 

 

h= planks 

constant 

6 total 

energy of 

electrone  

h= planks 

constant 

7 frequenc

y of any 

line in a 

series 

 Lyman 

series: 

 
 Balmer 

Series: 

 
 Paschen 

Series: 

 
 Brackett 

Series: 

R=1.097 

x10
7
/m 
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 Pfund 

Series: 

 
 

8 AMU 

 

 

9 nuclear 

radius  
where R0 = a 

constant = 

1.2 fm. 

10 mass 

defect  

A= mass no 

Z- atomic no 

 

Short Answer Question (1 marks) 

 
1. Define mass defect? (1 mark) 

2. What is electron volt? 

3. Name the series of hydrogen spectrum which has 

least wavelength. 

4.  Why is the classical (Rutherford) model for an atom 

of electron orbitting around the nucleus not able to 

explain the atomic 

5. Write the expression for Bohr‘s radius in hydrogen 

atom. 

6. Two nuclei have mass numbers in the ratio 1: 2. 

What is the ratio of their nuclear densities?  

7. Two nuclei have mass numbers in the ratio 1: 8. 

What is the ratio of their nuclear radii? 

8. Two nuclei have mass numbers in the ratio 8:125. 

What is the ratio of their nuclear radii?  



192 
 

9. What is angular momentum of an electrone in the 

thired orbit of an atom) 

10. Why do we use very thin foil in Rutherford 

experiment. 

11. What is meaning of negative energy of an electron 

12. What are stationary orbits? 

13. In Rutherford experiment, large angle scattering is 

possible due to nucleus Why? 

14. Why neutrons with lower energy should be capable 

of causing fission 

15. What happens when a neutron is absorbed by a 

nucleus of an atom of U
235

? 

Short Answer Type SA-(2 Marks) 
1. State the postulates of Bohr‘s atomic theory. 

2. What are the limitations of Rutherford‘s atomic model? 

3. What are the failures of Bohr‘s atomic theory? 

4. Sketch the energy level diagram for hydrogen atom. 

Mark the transition corresponding to Lyman and Balmer 

series. 

5. What is the distance of closest approach when a 5.0 

MeV proton approaches a gold nucleus?  

6. 2.3 eV separates two energy levels in an atom. What is 

the frequency of radiation emitted when the atom transits 

from the upper level to the lower level? 

7.  The ground state energy of hydrogen atom is -13.6 ev. 

What are the kinetic and potential energy of the electron 

in that state? 

8. The ground state energy of hydrogen atom is −13.6 eV. 

What are the kinetic and potential energies of the 

electron in this state? 

9.  What's the difference between nuclear fission and 

nuclear fusion?  

10. What is a controlled nuclear reaction? What are uses of 

controlled nuclear reaction? 
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Long Answer Type LA-(3 Marks) 
1. The radius of the inner most electron orbit of a hydrogen 

atom is 5.3x10
-11

 m. What are  the radii of the n = 2 and 

n = 3 orbits?  

2. The energy level diagram of an element is given below. 

Identify, by doing necessary calculations for each , 

which transition corresponds to the emission of a 

spectral line of wavelength 102.7 nm.                          

 
3. 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.                                                                

4. What is the shortest wavelength present in the Paschen 

series of spectral lines? 

5. A difference of 2.3 eV separates two energy levels in an 

atom. What is the frequency of radiation emitted when 

the atom makes a transition from the upper level to the 

lower level? 

6. Describe Rutherford scattering experiment. What are its 

observations and conclusion? 

7. What are nuclear forces? What are their properties. 

8. What is nuclear fission and fusion. What is difference 

between them. 

 

Multiple Choice Questions 
1. Balmer series lies in which spectrum? 

(a) visible 

(b) ultraviolet 
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(c) infrared 

(d) partially visible, partially infrared 

2. According to the Rutherford‘s atomic model, the 

electrons inside the atom are 

(a) stationary 

(b) not stationary 

(c) centralized 

(d) None of these 

3. Rutherford‘s α-particle experiment showed that the 

atoms have 

(a) Proton 

(b) Nucleus 

(c) Neutron 

(d) Electrons 

4. Electrons in the atom are held to the nucleus by 

(a) coulomb‘s force 

(b) nuclear force 

(c) vander waal‘s force 

(d) gravitational force 

5. The Rutherford α-particle experiment shows that most of 

the α-particles pass through almost unscattered while 

some are scattered through large angles. What 

information does it give? 

(a) Atom is hollow. 

(b) The whole mass of the atom is concentrated in a 

small 

centre called nucleus 

(c) Nucleus is positively charged 

(d) All of the above 

6. Electrons in the atom are held to the nucleus by 

(a) coulomb‘s force 

(b) nuclear force 

(c) vander waal‘s force 

(d) gravitational force 
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7. Rutherford‘s atomic model was unstable because 

(a) nuclei will break down 

(b) electrons do not remain in orbit 

(c) orbiting electrons radiate energy 

(d) electrons are repelled by the nucleus 

8. According to Bohr‘s model of hydrogen atom 

(a) the linear velocity of the electron is quantised. 

(b) the angular velocity of the electron is quantised. 

(c) the linear momentum of the electron is quantised. 

(d) the angular momentum of the electron is quantised. 

9. As the quantum number increases, the difference of 

energy between consecutive energy levels 

(a) remain the same 

(b) increases 

(c) decreases 

(d) sometimes increases and sometimes decreases. 

10. According to the Bohr theory of H-atom, the speed of 

the 

electron, its energy and the radius of its orbit varies with 

the principal quantum number n, respectively, as 
(a) 1/n, n

2
, 1/n

2
 

(b) n, 1/n
2
, n

2
 

(c) n, 1/n
2
, 1/n

2
 

(d) 1/n, 1/n
2
, 1/n

2 

11. When hydrogen atom is in its first excited level, it‘s 

radius is 

(a) four times, it ground state radius 

(b) twice times, it ground state radius 

(c) same times, it ground state radius 

(d) half times, it ground state radius. 

12. The angular momentum of the electron in hydrogen 

atom in the ground state is 

(a) 2h 

(b) h/2 
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(c) h/2π 

(d) h/4π 

13. When an electron jumps from the fourth orbit to the 

second orbit, one gets the 

(a) second line of Paschen series 

(b) second line of Balmer series 

(c) first line of Pfund series 

(d) second line of Lyman series 

14. Which of the following series in the spectrum of 

hydrogen atom lies in the visible region of the 

electromagnetic spectrum? 

(a) Paschen series 

(b) Balmer series 

(c) Lyman series 

(d) Brackett series 

15. In a hydrogen atom, which of the following electronic 

transitions would involve the maximum energy change 

(a) n = 2 to n = 1 

(b) n = 3 to n = 1 

(c) n = 4 to n = 2 

(d) n = 3 to n = 2 

16. Hydrogen atom excites energy level from fundamental 

state to n = 3. Number of spectral lines according to 

Bohr, is 

(a) 4 

(b) 3 

(c) 1 

(d) 2 

17. Bohr‘s atom model is the modification of Rutherford‘s 

atom model by the application of 

(a) newton‘s theory 

(b) huygen‘s theory 

(c) maxwell‘s theory 

(d) planck‘s quantum theory 
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18. In Bohr‘s model electrons are revolving in a circular 

orbits around the nucleus called as 

(a) stationary orbits 

(b) non radiating orbits 

(c) Bohr‘s orbits 

(d) all of these 

19. According to Bohr the difference between the energies 

of the electron in the two orbits is equal to 

(a) hν 

(b) hc/λ 

(c) both (a) and (b) 

(d) neither (a) nor (b) 

20. The angular momentum of electrons in an atom 

produces 

(a) magnetic moment 

(b) ZEEMAN effect 

(c) light 

(d) nuclear fission 

21. The nuclear radius is of the order of 

(a) 10
–10

 m 

(b) 10
–6

 m 

(c) 10
–15

 m 

(d) 10
–14

 m 

22. The radius of a nucleus is 

(a) directly proportional to its mass number 

(b) inversely proportional to its atomic weight 

(c) directly proportional to the cube root of its mass 

number 

(d) None of these 

23. A nuclei having same number of neutron but different 

number of protons / atomic number are called 

(a) isobars 

(b) isomers 

(c) isotones 

(d) isotopes 
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24. Which one of the following has the identical property 

for isotopes? 

(a) Physical property 

(b) Chemical property 

(c) Nuclear property 

(d) Thermal property 

25. When the number of nucleons in nuclei increases, the 

binding energy per nucleon 

(a) increases continuously with mass number 

(b) decreases continuously with mass number 

(c) remains constant with mass number 

(d) first increases and then decreases with increase of 

mass number 

26. Mp denotes the mass of a proton and Mn that of a 

neutron. 

A given nucleus, of binding energy B, contains Z 

protons 

and N neutrons. The mass M(N, Z) of the nucleus is 

given 

by (c is the velocity of light) 

(a) M(N, Z) = NMn + ZMp + B/c
2
 

(b) M(N, Z) = NMn + ZMp – Bc2 

(c) M(N, Z) = NMn + ZMp + Bc
2
 

(d) M(N, Z) = NMn + ZMp – B/c
2
 

27. Mass energy equation was propounded by 

(a) Newton 

(b) Madam Curie 

(c) C. V. Raman 

(d) Einstein 

28. Which of the following statement is not true regarding 

Einsteins mass energy relation? 

(a) Mass disappears to reappear as energy. 

(b) Energy disappears to reappear as mass. 

(c) Mass and energy are two different forms of the same 
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entity. 

(d) Mass and energy can never be related to each other. 

29. Nuclear forces are 

(a) spin dependent and have no non-central part 

(b) spin dependent and have a non-central part 

(c) spin independent and have no non-central part 

(d) spin independent and have a non-central part 

30. Nuclear forces exists between 

(a) neutron – neutron 

(b) proton – proton 

(c) neutron – proton 

(d) all of these 

Assertion Reason Type questions 
Directions: These questions consist of two statements, 

each printed as Assertion and Reason. While answering 

these questions, you are required to choose any one of 

the following four responses. 

(a) If both Assertion and Reason are correct and the 

Reason is a correct explanation of the Assertion. 

(b) If both Assertion and Reason are correct but Reason 

is not a correct explanation of the Assertion. 

(c) If the Assertion is correct but Reason is incorrect. 

(d) If both the Assertion and Reason are incorrect. 

1. Assertion : The force of repulsion between atomic 

nucleus and α-particle varies with distance according to 

inverse square law. 

Reason : Rutherford did α-particle scattering 

experiment. 

2. Assertion : According to classical theory the proposed 

path of an electron in Rutherford atom model will be 

parabolic. 

Reason : According to electromagnetic theory an 

accelerated particle continuously emits radiation. 

3. Assertion : Bohr had to postulate that the electrons in 

stationary orbits around the nucleus do not radiate. 
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Reason: According to classical physics all moving 

electrons radiate. 

4. Assertion : Electrons in the atom are held due to 

coulomb forces. 

Reason : The atom is stable only because the centripetal 

force due to Coulomb‘s law is balanced by the 

centrifugal force. 

5. Assertion : Hydrogen atom consists of only one 

electron but its emission spectrum has many lines. 

Reason : Only Lyman series is found in the absorption 

spectrum of hydrogen atom whereas in the emission 

spectrum, all the series are found. 

6. Assertion : Between any two given energy levels, the 

number of absorption transitions is always less than the 

number of emission transitions. 

Reason : Absorption transitions start from the lowest 

energy level only and may end at any higher energy 

level. But emission transitions may start from any 

higher energy level and end at any energy level below 

it. 

7. Assertion : In Lyman series, the ratio of minimum and 

maximum wavelength is 3/4 

Reason : Lyman series constitute spectral lines 

corresponding to transition from higher energy to 

ground state of hydrogen atom. 

8. Assertion : The whole mass of the atom is concentrated 

in the nucleus 

Reason : The mass of a nucleus can be either less than 

or more than the sum of the masses of nucleons present 

in it 

9. Assertion : Density of all the nuclei is same. 

Reason : Radius of nucleus is directly proportional to 

the cube root of mass number. 

10. Assertion : Neutrons penetrate matter more readily as 

compared to protons. 
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Reason : Neutrons are slightly more massive than 

protons. 

11. Assertion : The mass number of a nucleus is always 

less than its atomic number. 

Reason : Mass number of a nucleus may be equal to its 

atomic number. 

12. Assertion : The binding energy per nucleon, for nuclei 

with atomic mass number A > 100, decrease with A. 

Reason : The forces are weak for heavier nuclei. 

13. Assertion : A free neutron decays to a proton but a free 

proton does not decay to a neutron. This is because 

neutron is an uncharged particle and proton is a charged 

particle. 

Reason : Neutron has larger rest mass than the proton. 

14. Assertion : Energy is released when heavy nuclei 

undergo fission or light nuclei undergo fusion. 

Reason : For heavy nuclei, binding energy per nucleon 

increases with increasing Z while for light nuclei it 

decreases with increasing Z. 

15. Assertion : Nuclear fusion reactions are considered as 

thermos-nuclear reactions  

Reason : The source of stellar energy is nuclear fusion 

16. Assertion : The mass of an atom is the mass of 

nucleus.   

Reason : The nucleus is at the centre. 

17. Assertion : An atom is electrically neutral.   

      Reason : Atoms have equal number of protons and 

electrons. 

18. Assertion : An α-particle is a doubly ionised helium 

atom. 

Reason : An α-particle carries 2 units of positive 

charge. 

19. Assertion : Bohr had to postulate that the electrons in 

stationary orbits around the nucleus do not radiate. 
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Reason : According to classical physics, all moving 

electrons radiate. 

20. Assertion : The different lines of emission spectra (like 

Lyman, Balmer etc.) of atomic hydrogen gas are 

produced by different atoms. 

Reason : The sample of atomic hydrogen- gas consists 

of millions of atoms. 

 

CASE STUDY BASED QUESTIONS 
Case I 

Read the passage given below and answer the 

questions from 1 to 5: 

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. 

1. The correct statements about the nuclear force is/are 
(a) charge independent 

(b) short range force 

(c) non-conservative force 

(d) all of these. 

2. The range of nuclear force is the order of 
(a) 2 x 10

-10
 m 

(b) 1.5 x 10
-20

 m 

(c) 1.2 x 10
-4

 m 

(d) 1.4 x 10
-15

 m 

3. A force between two protons is same as the force 

between proton and neutron. The nature of the force 

is 
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(a) electrical force 

(b) weak nuclear force 

(c) gravitational force 

(d) strong nuclear force 

4. Two protons are kept at a separation of 40 A
0
. 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 

5. All the nucleons in an atom are held by 
(a) nuclear forces 

(b) vander waal‘s forces 

(c) tensor forces 

(d) coulomb forces 

Case II 

Read the passage given below and answer the 

questions from 6 to 10: 
The spectral series of hydrogen atom were accounted 

for by Bohr using the relation 

 
where, R=Rydberg constant = 1.097 x 10

7
 m

-1
 

Lyman series is obtained when an electron jumps to first 

orbit from any subsequent orbit. Similarly, Balmer 

series is obtained when an electron jumps to 2
nd

 orbit 

from any subsequent orbit. Paschen series is obtained 

when an electron jumps to 3
rd

 orbit from any subsequent 

orbit. Whereas Lyman series in U.V. region, Balmer 

series is in visible region and Paschen series lies in 

infrared region. Series limit is obtained when n2=∞. 
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1. The wavelength of first spectral line of Lyman series is 

(a) 1215.4 A
0
 

(b) 1215.4 cm 

(c) 1215.4 m 

(d) 1215. 4 mm 

2. The wavelength limit of Lyman series is 

(a) 1215.4 A
0
 

(b) 511.9 A
0
 

(c) 951.6 A
0
 

(d) 911.6 A
0
 

3. The frequency of first spectral line of Balmer series is 

(a) 1.097 x 10
7
 Hz 

(b) 4.57 x 10
14

 Hz 

(c) 4.57 x 10
15

 Hz 

(d) 4.57 x 10
16

 Hz 

4. Which of the following transitions in hydrogen atom 

emit photon of highest frequency? 

(a) n=1 to n=2 

(b) n=2 to n=6 

(c) n=6 to n=2 

(d) n=2 to n=1 

5. The ratio of minimum to maximum wavelength in 

Balmer series is 

(a) 5 : 9 

(b) 5 : 36 

(c) 1 : 4 

(d) 3 : 4 

Answer Key (1 Mark) 
1. The difference between the sum of the masses of the 

neutrons constituting a nucleus and the rest mass of the 

nucleus is known as mass defect. 

2.  1eV is the unit of energy.1eV=1.6X10
-19

J. 

3.  Lyman series 

4. The classical method could not explain the atomic 

structure as the electron revolving around the nucleus 



205 
 

are accelerated and emits energy as the result, the radius 

of the circular paths goes on decreasing. Ultimately 

electrons fall into the nucleus, which is not in practical. 

5.  

 
6.  
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7.  

 
8. 

 
9. using L=nh/2  l=3.15 x 10 

-34  
Js 

10. . In thick foil Kinetic Energy and hens alpha partic will 

be absorbed and unable to penetrate 

11. It mean electron is bound to nucleus , it cant escape 

from atom. 

12. A certain discrete non-radiating orbit in which angular 

momentum of electron is an integral multiple of h/2    

13. Large angle scattering is only due to repulsion of 

positive charges. 

14. Due to collisions with various nuclei, initial high kinetic 

energy of fission neutron decreases. Thus for a 

sustained reaction, eve neutrons with lower energy 

should be capable of causing fission. Only neutrons can 

result in sustained reaction as two or three neutrons are 

released for each one absorbed by fission. 

15. When a neutron is absorbed by a nucleus of an atom 

U
235

, a U
236

 isotope is formed. This isotope is highly 

unstable which lasts for one millionth of a second and 

splits into two equal parts releasing energy of 200MeV. 

Answer Key (2 Marks) 
1. Refer NCERT 

2. can not explain stability of an atom and line spectrum 

3. applicable to hydrogen like single electron atoms, could 

not explain Zeeman effect, Stark effect, could not tell 

anything about relative intensities of various spectral 

lines. 
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4. Sketch the energy level diagram for hydrogen atom. 

Mark the transition corresponding to Lyman and Balmer 

series. 

5. Given, E = 5.0 MeV = 5 × 1.6 × 10
-13

 J = 8 × 10
-13

 J 

For gold,  Z1 = 79 

For proton, Z2 = 1 

 E = 1.6 × 10
-19

 C 

Distance of closest approach, 
E

ezz
r

2

21

0

0 .
4

1





 

 
 
13

2199

0
108

106.1179109







r  

 m141027.2   

6.   JevE 19106.13.23.2   
  J191068.3   

34

19

10626.6

1068.3
  












h

E
or

hE





 

 Hz141065.5   

7. The potential energy of electron is given by – 

 
r

e
Ep

2

0

.
4

1





 

and Kinetic energy is 

 Ep
r

e
Ek

2

1
.

4

1
.

2

1 2

0







 

evEkEp 6.13  

Or, evEpEp 6.13
2

1









  

Or, 6.13
2

1
Ep  

Or, evEp 2.27  

evEk 6.13  
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8. Ground state energy of hydrogen atom, E = − 13.6 eV 
This is the total energy of a hydrogen atom. Kinetic 

energy is equal to the negative of the total energy. 

Kinetic energy = − E = − (− 13.6) = 13.6 eV 

Potential energy is equal to the negative of two times of 

kinetic energy. 

Potential energy = − 2 × (13.6) = − 27 .2 eV 

9. Refer NCERT  

10. It is a reaction that takes place under controlled 

conditions. It is used in producing electricity and 

powering submarines. 

Answer key (3 Marks) 
1. The radius of the n

th
 orbit of a hydrogen atom 

 
22

22

0

4

4

mc

hn
rn



 
  

or,  2Knrn   

for n = 1, r1 = K × (1)
2
 

or, K = 5.3 × 10
-11

 m 

for n = 2, r2 = K(2)
2
 

  = 5.3 × 10
-11

 × 4 

  = 2.12 × 10
-10

 m 

for n = 3, r3 = K(3)
2
 

  = 5.3 × 10
-11

 × 9 

  = 4.77 × 10
-10

 m 

2. Using E2-E1 = hc/λ, Transition D corresponds to λ 

=102.7nm 

 

3. Atomic mass unit is defined as 
 

  
th of mass of one   

   

atom. 

According to Avogadro‘s hypothesis number of atoms 

in 12 g of   
   is equal to Avogadro number. i.e 

6.023x10
23

 .  
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Therefore the mass of one carbon atom   
  = 

  

          
= 

1.99 x10
-23

g = 1.99 x10
-26

kg 

 

Or, 1a.m.u. = 
 

  
x1.99 x10

-26
=1.665x10

-27
kg 

Energy equivalent of 1 a.m.u , 

 

∆m = 1 a.m.u  = 1.665x10
-27

kg 

 

        E = ∆m C
2
  J  =  1.665x10

-27
 x ( 3x10

8
 )

2
 / 1.6 x 10

-

13 
MeV = 931.5 MeV 

4. Rydberg‘s formula is given as: 

 
Where, 

h = Planck‘s constant = 6.6 × 10
−34

 Js 

c = Speed of light = 3 × 10
8 

m/s 

(n1 and n2 are integers) 

The shortest wavelength present in the Paschen series of 

the spectral lines is given for values n1 = 3 and n2 = ∞. 

 
5. Separation of two energy levels in an atom, 

E = 2.3 eV 

= 2.3 × 1.6 × 10
−19

 

= 3.68 × 10
−19

 J 

Let ν be the frequency of radiation emitted when the 

atom transits from the upper level to the lower level. 
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We have the relation for energy as: 

E = hv 

Where, 

h = Planck‘s constant  

 
Hence, the frequency of the radiation is 5.6 × 10

14
 Hz. 

6. In Rutherford  - particle scattering expect high 

energy  - particles emitted from radioactive source 

polonium falls on a gold foil. In the experiment the 

thickness of gold foil taken is of the order of 10
-6

 m. 

The foil is taken thin to avoid multiple scattering of  

- particles. The entire apparatus is placed in a vacuum 

chamber to prevent any energy loss of  - particles due 

to their collisions with air molecules. 

 
  

 When  - particle beam falls on gold foil, the  - 

particles are scattered due to collision with gold atoms. 

The scattering takes place in all possible directions. 

The number of  - particles scattered in any direction 

is counted by scintillation counter. 

          Observations & Conclusions: 
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1. Mest of the  - particles pass through the gold 

foil undeflected. This implies that most part of 

the atoms is hollow. 

2.  - particles are scattered through all angles. 

Some  - particles suffer scattering through 

angles more than 90, while a smaller number 

retrace their path. This implies that when fast 

moving positively charged  - particle come 

near gold atom, then a few of them experience 

such a repulsive force that they turn back. On 

this basis Rutherford concluded that whole of the 

positive charge of atom is concentrated in a 

small central core called the nucleus. 

3. The negative charges do not influence the 

scattering process. This implies that nearly 

whole mass of atom is concentrated in nucleus. 

4. By this experiment the Coulomb‘s square law is 

verified. 

5. The amount of positive charge in nuclei of 

different metals is different. 

7. Refer  NCERT 

8. Refer NCERT 

 

 

Answer Key (MCQs) 

S. 

NO. 

Correct 

option 

S. 

NO. 

Correct 

option 

S. 

NO. 

Correct 

option 

1 B 11 A 21 D 

2 B 12 C 22 C 

3 B 13 B 23 C 

4 A 14 B 24 B 

5 D 15 B 25 D 

6 A 16 B 26 D 
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7 B    17 D 27 D 

8 D 18 D 28 D 

9 C 19 C 29 B 

10 D 20 A 30 d 

Answer Key (ASSERTION REASON) 

S. 

NO

. 

Corre

ct 

option 

S. 

NO

. 

Corre

ct 

option 

S. 

NO

. 

Corre

ct 

option 

S. 

NO

. 

Corre

ct 

option 

1 B 6 A 11 D 16 C 

2 D 7 B 12 C 17 A 

3 B 8 C 13 D 18 B 

4 C 9 A 14 D 19 C 

5 B 10 B 15 B 20 B 

Answer Key (case study based) 

S. NO.  I Correct 

option 

S. NO. II Correct 

option 

1 D 1 A 

2 D 2 B 

3 D 3 D 

4 A 4 B 

5 A 5 A 
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Chapter 14 Semiconductor Electronics : Material 

,Devices and simple circuits 

Gist and MLM: 

Classification of solids on the basis of conductivity 

1. Conductor Conductors are those substances through which 

electricity can pass easily, e.g., all metals are conductors. 

2. Insulator Insulators are those substances through which 

electricity cannot pass, e.g., wood. rubber, mica etc. 

3. Semiconductor Semiconductors are those substances whose 

conductivity lies between conductors and insulators. e.g., 

germanium, silicon, 

Energy Bands of Solids 

4. Energy Band 

In a crystal due to interatomic interaction valence electrons of 

one atom are shared by more than one atom in the crystal. 

Now splitting of energy levels takes place. The collection of 

these closely spaced energy levels is called an energy band. 

5. Valence Band 

This energy band contains valence electrons. This band may 

be PartIally or completely filled with electrons but never 

be empty. The electrons in this band are not capable of 

gaining energy from external electric field to take part in 

conduction of current. 

6. Conduction Band 

This band contains conduction electrons. This band is either 

empty or Partially filled with electrons. Electrons present 

in this band take part in the conduction of current. 

Semiconductor is of two type 

p-type Semiconductor: majority carriers are holes and 

minority carriers are electrons nh>ne. It is formed by 
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adding trivalent impurities atoms like Al, B etc 

 

 At equilibrium nh.ne = ni
2  

 

 Minimum energy required to create a hole electron pair is 

hυ= Eg where Eg is energy gap. 

 Electric current I = eA(ne.ve + nh.vh ) 

 Mobility of charge carriers, µ = v/E, where E is applied 

electric field. 

 Electrical conductivity, ζ = 1/ρ= e(μe.ne + μh.nh ) 

 PN Junction: A p-n junction is an arrangement made by a 

close contact of n-type semiconductor and p type 

semiconductor.  
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Circuit diagram and VI characteristics for reverse biase 
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 Diode as Rectifier The process of converting alternating 

voltage/current into direct voltage/current is called 

rectification. Diode is used as a rectifier for converting 

alternating current/voltage into direct 

current/voltage.There are two ways of using a diode as a 

rectifier i.e. 

(i)Diode as a Half-Wave Rectifier Diode conducts 

corresponding to positive half cycle and does not conduct 

during negative half cycle. Hence, AC is converted by 

diode into unidirectional pulsating DC. This action is 

known as half-wave rectification. 

Circuit diagram of p-n junction diode as half-wave 

rectifier is shown below: 
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The input and output waveforms have been given below 

 
(ii) Diode as a Full-Wave Rectifier In the full-wave 

rectifier, two p-n junction diodes, D1 and D2 are used. 
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The circuit diagram or full-wave rectifier is shown below: 

 

 
The input and output waveforms have been given below: 
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 Optoelectronic Devices Semiconductor diodes in which 

carriers are generated by photons, i.e. photo-excitation, 

such devices are known as optoelectronic devices. 

These are as follows: 

(i) Light Emitting Diode (LED) It is a heavily doped p-n 

junction diode which converts electrical energy into light 

energy. 

 

 

 LEDs has the following advantages over conventional 

incandescent low power lamps 
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(a)Fast action and no warm up time required 

(b)It is nearly monochromatic 

(c)Low operational voltage and less power consumed 

(d)Fast ON-OFF switching capability. 

(ii) Photo diode A photodiode is a special type of junction 

diode used for detecting optical 

signals. It is a reverse biased p-n junction made from a 

photosensitive material. 

Its symbol is 
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Short Answer Question (1 marks) 
1. Draw the energy band diagram for a p-type 

semiconductor.. 

2. Draw the voltage-current characteristic of a p-n junction 

diode in forwarding bias and reverse bias. 

3. For a extrinsic semiconductor, indicate on the energy 

band diagram the donor and acceptor levels?. 

4. Draw the energy band diagram for n-type semiconductor. 

5. An AC input signal of frequency 60 Hz is rectified by a 

(i) Half wave and a (ii) Full-wave rectifier. Write the 

output frequency in each case. 

6. Give the ratio of the number of holes and the number of 

conduction electrons in an intrinsic semiconductor.. 

7. What is the depletion region in a p-n junction?. 

8. Name an impurity which when added to pure silicon 

makes it a 

(i) p-type semiconductor (ii) n-type semiconductor 
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9. Which type of biasing gives a semiconductor diode very 

high resistance?. 

10. Identify the biasing in the figure given below. 

 
11. Draw the circuit symbol of (a) photodiode, and (b) 

light-emitting diode. 

12. What is the function of a photodiode? 

13. When a p-n junction diode is forward biased, how 

will its barrier potential be affected? 

14. Name the junction diode whose l-V characteristics 

are drawn below: 

 
15. How does the width of the depletion region of a p-n 

junction vary if the reverse bias applied to it decreases? 

16. How does the width of the depletion region of a p-n 

junction vary if the reverse bias applied to it decreases? 

17. Why is the conductivity of n-type semiconductors 

greater than that of p-type semiconductors even when 

both of these have the same level of doping? 

18. How does the conductance of a semiconducting 

material change with rising in temperature? 
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19. How is a sample of an n-type semiconductor 

electrically neutral though it has an excess of negative 

charge carriers? 

20. How is the bandgap, Eg, of a photodiode related to 

the maximum wavelength, λm, that can be detected by it? 

21. Determine the currents through resistance R of the 

circuits (i) and (ii) when similar diodes are connected as 

shown in the figure.  

22. Can the potential barrier across a p-n junction be 

measured by simply connecting a voltmeter across the 

junction? (NCERT Exemplar) 

Short Answer Type SA-(2 Marks) 
1. Draw a labeled circuit diagram of a full-wave rectifier 

using a p-n junction. 

2. What is a solar cell? How does it work? Give one of its 

uses. 

3. Draw the output signal in a p-n junction diode when a 

square input signal of 10 V as shown in the figure is 

applied across it. (CBSE AI 2019) 
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4. The following diagrams, indicate which of the diodes are 

forward biased and which are reverse biased. 

 
5. Mention the important considerations required while 

fabricating a p-n junction diode to be used as Light-

Emitting Diode (LED). What should be the order of 

bandgap of an LED if it is required to emit light in the 

visible range?  

6. In the given circuit diagram shown below, two p-n 

junction diodes D1 and D2 are connected with a resistance 

R and a dc battery E as shown. Redraw the diagram and 

indicate the direction of flow of appreciable current in the 

circuit. Justify your answer. 
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7. The diagram below shows a piece of pure semiconductor 

S in series with a variable resistor R and a source of 

constant voltage V. Would you increase or decrease the 

value of R to keep the reading of ammeter (A) constant 

when semiconductor S is heated? Give reason. 

 
8. Two semiconductor materials X and Y showed in the 

figure are made by doping germanium crystal with 

indium and arsenic respectively. The two are joined end 

to end and connected to a battery as shown, 

(i) Will the junction be forward or reverse biased? 

(ii) Sketch a V-l graph for this arrangement. 

 
9. Draw the output waveform across the resistor (figure). 

(NCERT) 

 



226 
 

10. (i) Name the type of a diode whose characteristics 

are shown in figure 

(a) and figure (b). 

(ii) What does point P in figure (a) represent? 

(iii) What do the points P and Q in figure (b) represent? 

(NCERT Exemplar) 

 
11. Draw a pn junction with reverse bias? Which biasing 

will make the resistance of a p-n-junction high  

12. Two material bars A and B of the equal area of the 

cross-section are connected in series to a dc supply. A is 

made of usual resistance wire and B of an n-type 

semiconductor. 

(i) In which bar is the drift speed of free electrons 

greater? 

(ii) If the same constant current continues to flow for a 

long time, how will the voltage drop across A and B be 

affected? Justify each answer. (CBSE Sample Paper 

2018-19). 

13. Explain how the width of the depletion layer in a p-n 

junction diode changes when the junction is (i) forward 

biased and (ii) reverse biased. (CBSE Delhi 2018C). 
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14. With the help of necessary circuit diagram, explain 

the working of a photo diode used for detecting optical 

signals. [All India 2014 C]. 

15. With the help of circuit diagrams, distinguish 

between forward biasing and reverse biasing of p-n 

junction diode. 

16. Write two characteristics features to distinguish 

between n-type and p-type semiconductors.  [All India 

2012]. 

17. What are the advantages and disadvantages of 

semiconductor devices over vacuum tubes? 

18.  

. 

19. What do you mean by hole in a circuit? Write its two 

characteristics? 

20. What do you mean by depletion region and potential 

barrier in junction diode? 

21. graph of potential barrier versus width of depletion 

region for an unbiased diode is shown in A. In 

comparison to A, graphs B and C are obtained after 

biasing the diode in different ways. Identify the type of 

biasing in B & C and justify your answer. 

 



228 
 

The graph of potential barrier versus width of depletion 

region for an unbiased diode is shown in A. In 

comparison to A, graphs B and C are obtained after 

biasing the diode in different ways. Identify the type of 

biasing in B & C and justify your answer. 

22. Why semiconductors are opaque to visible light but 

transparent to infrared radiations? 

23. V-I characteristics of SI diode is 

given.Calculate diode resistance for bias voltage 2V 

 
24. Germanium diode is preferred to a silicon one for 

rectifying small voltages.Explain why? 

25. The ratio of number of free  electron to holes ne/nh 

for two different materials  A and B 1 and <1respectively. 

Name the type of semiconductor to which A and B 

belongs. 

26. Why is a photodiode operated in reverse bias mode? 

Fig. shows reverse bias current, under different 

illumination intensities I1,I2, I3 and  I4for a given 

photodiode. Arrange the intensities I1,I2, I3 and I4 in 

decreasing order of magnitude. 
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27. Why are photodiodes used preferably in reverse basis 

condition? A Photodiode is fabricated from a 

semiconductor with band gap of 2.8 ev. Can it detect a 

wavelength using 6000nm? Justify. 

28. Germanium and silicon junction diodes are 

connected in parallel. A resistance R,a 12 V battery, a 

milliammeter (mA)and Key(K) isclosed, a current began 

to flow in the circuit.What willbe the maximum reading 

of voltmeter connected across the resistance R? 

29. How will classify the material  on the basis of band 

theory of solids? 

30. A semiconductor has equal electron and hole 

concentrations of 6x10
8
/m

3
.On doping with a certain 

impurity, the electron concentration increases to 

9x10
12

/m
3
.     

Identify the new semiconductor obtained after doping. 

Calculate the new hole concentration. 
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Long Answer Type LA-(3 Marks) 
1. Define the terms ‗potential barrier‘ and ‗depletion region‘ 

for a p – n junction diode. State how the thickness of the 

depletion region will change when the p-n junction diode 

is (i) forward biased and (ii) reverse biased. 

2. Explain (i) forward biasing and (ii) reverse biasing of a p-

n junction diode. 

3. Draw V-l characteristics of a p-n junction diode. Answer 

the following questions, giving reasons: 

(i) Why is the current under reverse bias almost 

independent of the applied potential up to a critical 

voltage? 

(ii) Why does the reverse current show a sudden increase 

at the critical voltage? Name any semiconductor device 

which operates under the reverse bias in the breakdown 

region. (CBSEAI 2013) 

4. Draw the energy band diagrams of (i) n-type and (ii) p-

type semiconductor at temperature T > 0 K. 

In the case of n-type Si semiconductors, the donor energy 

level is slightly below the bottom of the conduction band, 

whereas in p-type semiconductors, the acceptor energy 

level is slightly above the top of the valence band. 

Explain what role do these energy levels play in 

conduction and valence bands. (CBSE AI 2015 C) 

5. Give reasons for the following: 

(i) High reverse voltage does not appear across an LED. 

(ii)Sunlight is not always required for the working of a 

solar cell.(iii) The electric field, of the junction of a 

Zener diode, is very high even for a small reverse bias 

voltage of about 5 V. (CBSE Delhi 2016C) 
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6. State the reason why the photodiode is always operated 

under reverse bias. Write the working principle of 

operation of a photodiode. The semiconducting material 

used to fabricate a photodiode has an energy gap of 1.2 

eV. Using calculations, show whether it can detect light 

of a wavelength of 400 nm incident on it. (CBSE Al 

2017C) 

7. Explain the two processes involved in the formation of a 

p-n junction diode. Hence define the term ‗barrier 

potential‘. (CBSE Delhi 2017C) 

8. Explain briefly how a photodiode operates. 

9. Name the p-n junction diode which emits spontaneous 

radiation when forward biased. How do we choose the 

semiconductor, to be used in these diodes, if the emitted 

radiation is to be in the visible region? 

10. The figure shows the V-l characteristic of a 

semiconductor diode designed to operate under reverse 

bias. (CBSE Al 2019) 

 
(a) Identify the semiconductor diode used. 

(b) Draw the circuit diagram to obtain the given 

characteristics of this device. 

(c) Briefly explain one use of this device. 
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11. With the help of a diagram, show the biasing of a 

light-emitting diode (LED). Give its two advantages over 

conventional incandescent lamps. 

12. Explain working of photodiode with diagram. How it 

is fabricated? 

13. Draw the circuit diagram of a full-wave rectifier and 

explain its working. Also, give the input and output 

waveforms. (CBSE Delhi 2019) 

14. Draw the circuit diagram to show the use of a p-n 

junction diode as a half-wave rectifier. Also show the 

input and the output voltages, graphically. Explain its 

working. 

15. Distinguish between conductors, insulators, and 

semiconductors on the basis of the band theory of solids. 

16. Explain briefly with the help of a circuit diagram 

how V-l characteristics of a p-n junction diode are 

obtained in (i) forward bias and (ii) reverse bias. 

17. (i) Describe briefly with the help of a necessary 

circuit diagram, the working principle of a solar cell 

(ii) Why are Si and GaAs preferred materials for solar cells? 

Explain. (CBSE AI 2011C) 

18. Write the two processes that take place in the 

formation of a p-n junction. Explain with the help of a 

diagram, the formation of depletion region and barrier 

potential in a p-n junction. (CBSE Delhi 2017) 

Multiple Choice Questions 
1. In a semiconductor: 

(a ) there are no free electrons at 0 K       

(b) there are no free electrons at any temperature 

(c) the number of free electrons increases with  pressure        
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(d) the number of free electrons is more than that in a 

conductor 

2. The resistivity of a semiconductor at room temperature  

is in between: 

(a) 10–2 to 10–5 Ω cm  (b) 10–3 to 106 Ω cm 

(c) 106 to 108 Ω cm  (d) 1010 to 1012 Ω cm 

3.  Electric conduction in a semiconductor takes place due 

to 

(a) electrons only   

 (b) holes only 

(c) both electrons and holes 

 (d) neither electrons nor holes 

4.  At absolute zero, Si acts as a: 

(a)  metal             (b) semiconductor 

(c) insulator           (d) none of these 

5.  A p-type semiconductor is: 

(a) positively charged  

(b) negatively charged 

(c) uncharged   

(d) uncharged at 0 K but charged at higher temperatures 

6. Let nh and ne be the number of holes and conduction 

electrons in an extrinsic semiconductor. Then: 

(a) nh > ne                           

(b) nh = ne 

(c) nh < ne                           

(d) nh ≠ ne 

7. A strip of copper and another of germanium are cooled 

from room temperature to 80 K. The resistance of: 

(a) each of these decreases                  

(b) copper strip increases and that of germanium 

decreases 

(c) copper strip decreases and that of germanium 

increases     

(d) each of these increases 
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8. If a small amount of antimony is added to germanium 

crystal: 

(a) it becomes a p-type semiconductor  

(b) the antimony becomes an acceptor atom 

(c) there will be more free electrons than holes in the 

semiconductor       

(d) its resistance is increased 

9.  If the energy of a photon of sodium light (λ = 589 nm) 

equals the band gap of semiconductor, the minimum 

energy required to create hole electron pair: 

(a) 1.2 eV                                               

(b) 1.3 eV 

(c) 2.1 eV                                               

(d) 3.1 eV 

10. In a crystal, the permitted energy states of electrons are 

present: 

(a) in the conduction band and the forbidden gap 

(b) only in the forbidden gap. 

(c) in the valence band and conduction band.                                     

(d) in the forbidden gap and the valence band. 

11. The forbidden energy band gap in conductors,  

semiconductors and insulators are Eg1, Eg2, and Eg3 

respectively.  

The relation among them is: 

(a) Eg1 = Eg2 = Eg3      

(b) Eg1 < Eg2 < Eg3 

(c) Eg1 > Eg2 > Eg3      

(d) Eg1 < Eg2 > Eg3 

12. The forbidden energy gap is maximum for: 

(a) mercury          (b) silicon 

(c) diamond           (d) silver 

13. Forbidden energy gap for diamond is about: 

(a) 1 eV                  

(b) 1.5 eV 
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(c) 6 eV                  

(d) 0.6 eV 

14.  In n-type semiconductor when all donor states are 

filled, then the net charge density in the donor states 

becomes: 

(a) 1    (b) < 1, but not zero 

(c) > 1    (d) zero 

15. The dominant mechanism for motion of charge carriers 

in forward and reverse biased silicon p-n junction are: 

(a) drift in forward bias, diffusion in reverse bias 

(b) diffusion in forward bias, drift in reverse bias 

(c) diffusion in both forward and reverse bias  

(d) drift in both forward and reverse bias 

16.  In an unbiased p-n junction, holes diffuse from the p-

region to n region because:   

(a) free electrons in the n region attract them  

(b) hole concentration in p-region is more as compared 

to n region 

(c) they move across the junction with same potential           

(d) all of these 

17. A pure semiconductor: 

(a) has low resistance.  

(b) is an intrinsic semiconductor. 

(c) allows inadequate current to pass through it.  

(d) is an extrinsic semiconductor. 

18. The intrinsic semiconductor becomes an insulator at: 

(a) 0 C               (b) −100 C 

(c) 300 K    (d) 0 K 

19. In a pure semiconductor crystal if current flows due to 

breakage of crystal bonds, then semiconductor is called 

as: 

(a)Acceptor                                        

(b) Donor 

(c) Intrinsic semiconductor                                      

(d) Extrinsic semiconductor 
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20.  Doping materials are called impurities because they 

(a) change the number of chaise carriers.                                                   

(b) alter the crystal structure. 

(c) change chemical properties.                                                    

(d) make semiconductor less pure. 

21.  A semiconductor has equal electron and hole 

concentration of 6 10× 8 −3 m . On doping with certain 

impurity,  

electron concentration increases to 9 10× 12 −3 m . The 

new hole concentration is : 

(a) 4 × 10
5
 m

–5
                                                       

(b) 4 × 10
4
 m

–5
 

(c) 4 × 10
5
 m

–5
                                                       

(d) 4 × 10
6
 m

–5
 

22. When arsenic is added as an impurity to silicon, the 

resulting material is: 

(a) n-type conductor                                      

(b) n-type semiconductor 

(c) p-type conductor                                      

(d) p-type semiconductor 

23. On doping an intrinsic semiconductor with a group  V 

element, free electrons in the conduction band are the 

Majority charge carriers and the resulting 

semiconductor has a net:916 

(a) negative charge                                          

(b) positive charge 

(c) charge zero                                           

(d) negative, zero or positive charge 

24.  A p-type semiconductor is 

i. a silicon crystal doped with arsenic impurity. 

ii. a silicon crystal doped with aluminium impurity. 

iii. a germanium crystal doped with boron impurity. 

iv. a germanium crystal doped with phosphorus 

impurity. 
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(a) (i) and (ii) are correct                                                               

(b) (ii) and (iii) are correct 

(c) (i) and (iv) are correct                                                               

(d) only (i) is correct 

25. The average value of output direct current in a full wave 

rectifier is: 

(a) I0 /π                                                                    

(b) I0 /2 

(c) πI0 /2                                                                    

(d) 2 I0 /π 

26. In a p-n junction having depletion layer of thickness  

10−6 m the potential across it is 0.1 V. The electric field 

is 

(a) 107 V/m                                                               

(b) 10–6 V/m 

(c) 105 V/m                                                              

(d) 10–5 V/m 

27.  The breakdown in a reverse biased p-n junction diode is 

more likely to occur due to: 

1. large velocity of the minority charge carriers if the 

doping concentration is small 

2. large velocity of the minority charge carriers if the 

doping concentration is large 

3. strong electric field in a depletion region if the 

doping concentration is small 

4. none of these 

28.  In the half wave rectifier circuit operating from 50 Hz 

mains frequency, the fundamental frequency in the 

ripple would be: 

(a) 25 Hz                                                               

(b) 50 Hz 

(c) 70.7 Hz                                                               

(d) 100 Hz 

29. In the middle of the depletion layer of a reverse biased 

p-n junction, the: 
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(a) potential is zero.                                                           

(b) electric field is zero. 

(c) potential is maximum.                                                                      

(d) electric field is maximum. 

30.  LED is the abbreviation of: 

(a) Light Editing Diode                                                          

(b) Light Editing Display 

(c) Light Emitting Display                                              

(d) Light Emitting Diode 

Assertion Reason Type questions 

Directions: In the following questions, a statement of 

assertion is followed by a statement of reason. Mark the 

correct choice as: 

 If both assertion and reason are true and reason is the 

correct explanation of assertion. 

(b) If both assertion and reason are true but reason is not the 

correct explanation of assertion. 

(c) If assertion is true but reason is false. 

(d) If both assertion and reason are false.. 

 

1 Assertion: If there is some gap between the 

conduction band and the valence band, electrons in 

the valence band all remain bound and no free 

electrons are available in the conduction band. Then 

the material is an insulator. 

Reason:  Resistance of insulators is very low. 

2 Assertion: Diode lasers are used as optical sources in 

optical communication. 

Reason: Diode lasers consume less energy. 

3 Assertion: A pure semiconductor has negative 

temperature ocefficient of sriestance. 

Reason: In a semiconductor on raising the 

temperature, more charge carriers are 

released,conductance increases and  resistance 

decreases. 
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4 Assertion: If the temperature of a semiconductor is 

increased then it‘s resistance decreases. 

Reason: The energy gap between conduction band 

and valence band is very small. 

5 Assertion: At a fixed temperature, silicon will have a 

minimum conductivity when it has a smaller 

acceptor doping. 

Reason: The conductivity of an intrinsic 

semiconductor is slightly higher than that of a lightly 

doped p-type semiconductor. 

6 Assertion: An N-type semiconductor has a large 

number of electrons but still it is electrically neutral. 

Reason: An N-type semiconductor is obtained by 

doping an intrinsic semiconductor with a pentavalent  

impurity. 

7 Assertion: Semiconductors do not Obey‘s Ohm‘s 

law. 

Reason: Current can not be determined by the rate of 

flow of charge carriers. 

8 Assertion: The energy gap between the valence band 

and conduction band is greater in silicon than in 

germanium. 

Reason: Thermal energy produces fewer minority 

carriers in silicon than in germanium. Semiconductor 

Diode 

9 Assertion: Two p-n junction diodes placed back to 

back, will work as a npn transistor. 

Reason: The p-region of two p-n junction diodes 

back to back will form the base of npn transistor. 

10 Assertion: If the temperature of a semiconductor is 

increased then its resistance decreases.  

Reason: The energy gap between conduction band 

and valence band is very small. 

11 Assertion: A p-n junction with reverse bias can be 

used as a photo-diode to measure light intensity. 
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Reason: In a reverse bias condition the current is 

small but it is more sensitive to changes in incident 

light intensity  

12 Assertion: When two semiconductors of p and n type 

are brought in contact, they form p-n junction which 

act like a rectifier.  

Reason: A rectifier is used to convent alternating 

current into direct current  

13 Assertion: The diffusion current in a p-n junction is 

from the p-side to the n-side.  

Reason: The diffusion current in a p-n junction is 

greater than the drift current when the junction is in 

forward biased.  

14 Assertion: The drift current in a p-n junction is from 

the n-side to the p-side.  

Reason: It is due to free electrons only.  

15 Assertion : A pure semiconductor has negative 

temperature coefficient of resistance. 

Reason : In a semiconductor on raising the 

temperature, more charge carriers are released, 

conductance increases and resistance decreases. 

16 Assertion : If the temperature of a semiconductor is 

increased then its resistance decreases. 

Reason : The energy gap between conduction band 

and valence band is very small. 

17 Assertion : In semiconductors, thermal collisions are 

respossible for taking a valence electron to the 

conduction band. 

Reason : The number of conduction electrons go on 

increasing with time as thermal collisions 

continuously take place. 

18 Assertion : A p-type semiconductors is a positive 

type crystal. 

Reason : A p- type semiconductor is an uncharged 

crystal. 
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19 Assertion : Silicon is preferred over germanium for 

making semiconductor devices. 

Reason : The energy gap in germanium is more than 

the  energy gap in silicon. 

20 Assertion : Electron has higher mobility than hole in 

a semiconductor. 

Reason :  The mass of electron is less than the mass 

of the hole. 

CASE STUDY BASED QUESTIONS 

Case I 

Consider a thin p-type silicon (p-Si) semiconductor wafer. 

By adding precisely a small quantity of pentavelent 

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? 
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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 electronss 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 

Case II 

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. 

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 
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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) 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) What is the principle of Solar cell?    

           (a) Rectifier 

(b)Photo Diode 

(c) Photovoltaic Effect 

(d) LED 

(v). In a solar cell, 

         a) Junction area is large 

         b) Junction area is small 

        c) Junction area is negligible 

        d) None of these 



244 
 

Case  III 

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 
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(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 

majority carriers. 

b)Excess majority carriers recombine with majority 

majority carriers. 

c)Excess minority carriers recombine with majority 

minority carriers. 

       d) None of these 

Case IV 

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 
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      d) none of these 

(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 

Case V 

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.   

(i). Which of the following statements is not true? 
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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 

Case VI 

p-n junction is a semiconductor diode. It is obtained by 

bringing  p-type semiconductor in close contact with n- type 

semiconductor. A  hin 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 
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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. 

Case VII 

 It is a heavily doped p-n junction which under forward bias 

emitsspontaneous 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 
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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). 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 

 

Case VIII 
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 A pure semiconductor in which no impurity of any sort has 

been mixed, is called intrinsic semiconductor. Germanium 

(Eg = 0.72 eV) and silicon (Eg = 1.1 eV) are intrinsic 

semiconductors. In an intrinsic semiconductor the number of 

free electrons in conduction  band ne is exactly equal to the 

number of holes nh in valence band. Thus, ne = nh = ni 

where ni is called the number density of intrinsic carriers. At 

0 K these behave as 100% insulators. But at any other 

temperature they have thermally generated charge carriers 

and thus behave as semiconductor. Conductivity of an 

intrinsic semiconductor is s = e(ne me + nh mh), where ne is 

free electron density, nh is the hole density and me and mh 

are their respective mobilities. Electrical conductivity of 

pure semiconductor is very small. 

To prepare a n-type semiconductor a pentavalent impurity, 

eg., P, As, Sb is used as a dopant with Si or Ge. Such an 

impurity is called donor impurity because each dopant atom 

provides one free electron. In n-type semiconductor ne >> 

nh, i.e., electrons are majority charge carriers and the holes 

are minority charge carriers such that ne × nh = ni 2. A n-

type semiconductor is electrically neutral and is not 

negatively charged. To prepare a p-type semiconductor a 

trivalent impurity, eg., B, Al, In, Ga, etc. is used as adopant 

with Si or Ge. Such an impurity is called acceptor impurity 

as each impurity atom wants to accept an electron from the 

crystal lattice. Th us, eff ectively each dopant atom provides 

a hole. In p-type semiconductor nh >> ne, ie, holes are 

majority charge carriers and electrons minority charge 

carriers such that nh × ne = ni 2 A p-type semiconductor is 

electrically neutral and is not positively charged. 

(i). In a semiconductor 

(a) there are no free electrons at 0 K                             

(b) there are no free electrons at any temperature 

(c) the number of free electrons increases with pressure  
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(d) the number of fre electrons is more than that in a 

conductor 

(ii) Let nh and ne be the number of holes and conduction

 electrons in an extrinsic semiconductor. Then  

(a) nh > ne                        (b) nh = ne                              

(c) nh < ne                        (d) none of these 

(iii). A p-type semiconductor is 

          (a) positively charged         

(b) negatively charged 

          (c) uncharged                 

 (d) uncharged at 0K but charged at higher 

temperatures 

(iv). Electric conduction in a semiconductor takes place due 

to 

(a) electrons only                              

(b) holes only 

(c) both electrons and holes                

(d) neither electrons nor holes 

(v). The impurity atoms with which pure silicon may be 

doped to make it a p-type semiconductor are those of 

(a) phosphorus                             

(b) boron 

(c) antimony                              

(d) nitrogen 

 

Case IX 

In half-wave rectifier only one diode is used. In it no current 

flow takes place and no output signal is obtained. 

Even during one half cycle the output obtained is a mixture 

of dc and ac.  

Effective AC component of voltage  

The ripple factor =1.21 or 121% 

1.21or 121% Effective DC  

In full-wave rectifier, two p-n junction diodes have been 

joined in complimentary modes. In this 
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Rectifier, we obtain a continuous unidirectional current 

through the load resistor RL. 

(i) Barrier potential of a P-N junction diode does not 

depend on 

         (a) doping density  (b) diode design 

        (c) temperature   (d) forward bias 

(ii)  In a half wave rectifier, the r.m.s. value of the 

a.c. component of the wave is 

(a) equal to d.c. value     

(b) more than d.c. value 

(c) less than d.c. value                 

(d) zero 

Case X 

A p-n junction is obtained by joining a small p-type crystal 

with a n-type crystal without employing any other binding 

material in between them. Whenever a p-n junction is 

formed, electrons from n-region diff use through the 

junction into p-region and the holes from p-region diff use 

into n-region. As a result neutrality of both n and p-regions 

is disturbed and a thin layer of immobile  negative charged 

ions appear near the junction in the p-crystal and a layer of 

positive ions appear near the junction in n- crystal. Th is 

layer containing immobile ions is called depletion layer. The 

thickness of depletion layer is approximately of the order of 

10–6 m. 

The potential difference created across the p-n junction due 

to diffusion of electrons and holes is called the potential 

barrier Vb (or emfoffictitious battery). For germanium diode 

barrier potential to 0.3 V but for Si diode its value is 0.7 V. 

Th e barrier electric field developed due to it  

(i) Silicon is doped with which of the following to 

obtain P type semiconductor  

a) Phosphorus                                   b) 

Gallium  
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c) Germanium                                   d) 

Bismuth 

(ii)     What happens to resistance of an intrinsic 

semiconductor when heated 

a) increases                        b) 

remains constant  

c) decreases                                  d) 

decreases linearly 

(iii) In an unbiased p-n junction, holes diffuse from the p-

region to n-region because  

(a) free electrons in the n-region attract them.  

(b) they move across the junction by the potential 

difference.  

(c) hole concentration in p-region is more as 

compared to n-region.  

(d) All the above. 

    (iv) When a forward bias is applied to a p-n junction, it  

(a) raises the potential barrier.            (b) 

reduces the majority carrier current to zero.  

(c) lowers the potential barrier.            (d) 

None of the above. 

(v) In a PN-junction diode 

(a) The current in the reverse biased condition is 

generally very small  

(b) The current in the reverse biased condition is 

small but the forward biased current is independent 

of the bias voltage  

(c) The reverse biased current is strongly dependent 

on the applied bias voltage  

(d) The forward biased current is very small in 

comparison to reverse biased current μA ~ 
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Answer Key (1 Mark) 

1. The energy level diagram is shown below. 

 
2. The characteristics are as shown. 

 
3.  N-type Extrinsic Semiconductor P-type Extrinsic 

Semiconductor 

 
4. The diagram is as shown. 

 
5. The output frequency remains the same in a half-wave 

rectifier, i.e. 60 Hz. 
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The output frequency becomes twice the input frequency 

in the case of the full-wave rectifier, i.e. 120 Hz. 

6. The ratio is one. 

7. It is a thin layer between p and n sections of the p-n 

junction which is devoid of free electrons and holes. 

8. 1) Boron, aluminum, etc. 

ii) Phosphorous, antimony, etc. 

9. Reverse biasing. 

10. Forward biasing. 

11. The circuit symbols are as shown below. 

 
12. It functions as a detector of optical signals. 

13. Potential barrier decreases in forwarding bias. 

14. Solar cell. 

15. With the increase in the reverse bias, the depletion 

layer increases. 

16. If the reverse bias decreases, the width of the 

depletion layer also decreases. 

17. It is because in n-type the majority carriers are 

electrons, whereas in p-type they are holes. Electrons 

have greater mobility than holes. 

18. Increases with an increase in temperature. 

19. It is because it contains an equal number of electrons 

and protons and is made by doping with a neutral 

impurity. 
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20. Eg = hc/λm 

21. In figure (i) D1&D2 are forward biased 

In figure (ii) D1 is forward biased but D2 is reverse 

biased due to which  offers infinite resistance 

22. No, because the voltmeter must have a resistance 

very high compared to the junction resistance, the latter 

being nearly infinite. 

Answer Key (2 Marks) 

1. Ref. from NCERT. 

2. It is a p-n junction used to convert light into electrical 

energy. In such a diode, one region either the p-type or 

the n-type is made so thin that light falling on the diode is 

not absorbed appreciably before reaching the junction. 

The thin region in the solar cell is called the emitter and 

the other is called the base. The magnitude of current 

depends upon the intensity of light reaching the junction. 

A solar cell can be used to charge storage batteries during 

the daytime, which can be used during the night. 

These are used as power supplies for satellites and space 

vehicles. 

3. The diode will conduct only when it is forward biased. 

Therefore, till the input voltage is + 5 V, we will get an 

output across R, accordingly the output waveform shown 

in the figure. 

 
4. (a) Forward biased. 

(b) Reverse biased. 
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(c) Forward biased, 

(d) Reverse biased. 

5. The important considerations are 

1. It should be heavily doped. 

2. The diode should be encapsulated with a transparent 

cover so that emitted light can come out. 

The semiconductor used for the fabrication of visible LEDs 

must at least have a bandgap of 1.8 eV. 

6. The redrawn diagram showing the flow of appreciable 

current is shown below. 

 
Here diode D2 is forward biased, hence it conducts. 

Therefore appreciable current will pass through it. 

However, diode 0, is reverse biased, hence negligible 

current will flow through it. 

7. When a semiconductor is heated, its resistance decreases. 

As a result, the total resistance of the circuit will 

decrease. In order to maintain constant current flow, the 

total resistance of the circuit must remain constant. 

Hence, the external resistance has to be increased to 

compensate for the decrease of resistance of the 

semiconductor. 

8. Material X is p-type and material Y is n-type. 

(i) The junction is reverse biased. 

(ii) For the V-l graph 
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The characteristics are as shown. 

 
9. It is a half-wave rectifier, therefore only the positive 

cycle will be rectified. Thus the output waveform is as 

shown. 

 
10. (i) Zener junction diode and solar cell. 

(ii) Zener breakdown voltage 

(iii) P-open circuit voltage. 

Q-short circuit current 

11.  Reverse biasing will make the resistance high as it 

will not allow the current to pass. 

12. (i) Drift speed in B (n-type semiconductor) is higher. 

Reason: Since the two bars A and B are connected in 
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series, the current through each is the same. 

Now l = neAvd 

Or 

vd = 1/neA ⇒ vd ∝ 1/n (As l and A are same). 

As n is much lower in semiconductors, drift velocity will be 

more. 

13. The width of the depletion region in a p-n junction 

diode decreases when it is forward biased because the 

majority of charge carriers flow towards the junction. 

While it increases when the junction diode is reverse 

biased because the majority of charge carriers move away 

from the junction  

14. Circuit diagram of illuminated photo diode in reverse 

bias is shown below: 
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15. Circuit diagram of forward biased and reverse biased 

p-n junction diode ref. NCERT 

The width of depletion layer (a) decreases in forward 

bias. 

(b) increases in reverse bias. 

(ii)(a)Differences between forward and reverse biases are 

given below: 
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16.  
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17. Advantages – Semiconductor devices are very small 

in size as compared to the vacuum tubes. It requires low 

voltage for their operation 

Disadvantage – Due to the rise in temperature and by 

applying high voltage it can be damaged. 

18. When photo diode is illuminated with light due to 

breaking of covalent bonds, equal number of additional 

electrons and holes comes into existence whereas 

fractional change in minority charge carrier is much 

higher than fractional change in majority charge carrier. 

Since, the fractional change of minority carrier current is 

measurable significantly in reverse bias than that of 

forward bias. Therefore, photo diode are connected in 

reverse bias. 

19. A vacancy created in a covalent bond in a 

semiconductor due to the release of electron is known as 

hole in a semiconductor. 

Characteristics of hole 

(i) Hole is equivalent to a positive electronic charge. 

(ii) Mobility of hole is less than that of an electron 

20. A layer around the junction between p and n-sections 

of a junction diode where charge carriers electrons and 

holes are less in number is called depletion region. The 

potential difference created across the junction due to the 
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diffusion of charge carriers across the junction is called 

potential barrier. 

21. B : reverse biased, C: forward biased 

22. The photons of infrared radiation have smaller 

energies,so they fall to excite the electrons in the valence 

band. Hence infrared radiations pass through the 

semiconductors as such; i.e. a semiconductor is 

transparent to infrared radiation. 

23. R= V/I= 2/70 x 10
3
Ohms 

24.  Because the energy gap for Ge ( Eg = 0.7 ev) is 

smaller than the energy gap for Si (Eg = 1.1ev ) . 

Moreover, the germanium diode is much more open to 

the Danger of high temperature affect than silicon at 

high voltage. 

25. If ne/nh=1.Hence A is intrinsic semiconductor. If 

ne/nh<1 ,then B is P  -type. 

26.   I4>I3>I2>I1 

27. E=0.207ev As E<Eg hence  cannot be detect. 

28. 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.readingof 

voltmeter connected across R=12-0.3=11.7V. 

29. Hint: Conductor - no energy gap 

Semi Conductor - It is of the order of 1 ev. 

Insulator - 6 ev (or) more than 6 ev. 

30.  (i) n-type. semiconductor 

ii ne .nh=ni 
2
=>nh=6x10

8
x6x10

8
= 4x10

4
perm

2 
 

Answer key (3 Marks) 

1. Potential barrier: The potential barrier is the fictitious 

battery, which seems to be connected across the p-n 
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junction with its positive terminal in the n-region and the 

negative terminal in the p-region. 

Depletion region: The region around the junction, which 

is devoid of any mobile charge carriers, is called the 

depletion layer or region. 

1. When the p-n junction is forward biased, there is a 

decrease in the depletion region. 

2. When the p-n junction is reverse biased, there is an 

increase in the depletion region. 

2. (i) A p-n junction is said to be forward-biased if its p-type 

is connected to the positive terminal and its n-type is 

connected to the negative terminal of a battery. 

(ii) A p-n junction is said to be reverse-biased if its n-type 

is connected to the positive terminal and its p-type is 

connected to the negative terminal of a battery. The 

diagrams are as shown. 

Diagram ref. NCERT 

3. The characteristics are as shown. 

 
(i) This is because even a small voltage is sufficient to 

sweep the minority carriers from one side of the junction 

to the other side of the junction. 

(ii) As the reverse bias voltage is increased, the electric field 

at the junction becomes significant. When the reverse 

bias voltage V = Vz critical voltage, then the electric field 

strength is high enough to pull valence electrons from the 
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host atoms on the p-side which are accelerated to the n-

side. These electrons account for the high current 

observed at the breakdown. 

Zener diode operates under the reverse bias in the 

breakdown region. 

4. For energy bands 

(i) The energy level diagram is shown below. 

 
(ii) The diagram is shown as 

 
In the energy band diagram of n-type Si semiconductor, 

the donor energy level EA is slightly below the bottom Ec 

of the conduction band and electrons from this level 

move into the conduction band with a very small supply 

of energy. At room temperature, most of the donor atoms 

get ionized but very few (-10-12) atoms of Si get ionized. 

So the conduction band will have most electrons coming 

from the donor impurities. 

Similarly, for p-type semiconductors, the acceptor energy 

level EA is slightly above the top Ev of the valence band. 

With the very small supply of energy, an electron from 

the valence band can jump to the level EA and ionize the 
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acceptor negatively. Alternately, we can also say that 

with a very small supply of energy, the hole from level 

EA sinks down into the valence band. Electrons rise up 

and holes fall down when they gain external energy. 

5.  It is because the reverse breakdown voltage of LED is 

very low, i.e. nearly 5 V. 

Because solar cells can work with any light whose photon 

energy is more than the bandgap energy. 

The heavy doping of p and n sides of the p-n junction 

makes the depletion region very thin, hence for a small 

reverse bias voltage, the electric field is very high. 

6. It is easier to observe the change in the current with the 

change in the light intensity if a reverse bias is applied. 

Thus photodiode is used in the reverse bias mode even 

when the current in the forward bias is more the energy 

gap (Eg) of the semiconductor, then electron-hole pairs 

are generated due to the absorption of photons. 

Due to the electric field of the junction, electrons and 

holes are separated before they recombine. The direction 

of the electric field is such that electrons reach the n-side 

and holes reach the p-side. Electrons are collected on the 

n-side and holes are collected on the p-side giving rise to 

an emf. When an external load is connected, current 

flows. 

Given λ = 400 nm, 

Energy of photon 

E 

= hc/λ=6.63×10^−34×3×10^8/400×10^−9×1.6×10^−19 = 

3.105 eV 

Since the bandgap is lesser than this energy, therefore it 

will be able to detect the wavelength. 

7. The two processes are 

(i) Diffusion and 

(ii) Drift 
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Diffusion: The holes diffuse from the p-side to the n-side 

and electrons diffuse from the n-side to the p-side. 

Drift: The motion of charge carriers due to the applied 

electric field which results in the drifting of holes along 

the electric field and of electrons opposite to the electric 

field. 

 
The potential barrier is the fictitious battery that seems to 

be connected across the junction with its positive end on 

the n-type and the negative end on the p-type. 

8. 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 (hv) greater than the energy gap (Eg) 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. 

9. The p-n junction diode, which emits spontaneous 

radiation when forward biased, is the ―light-emitting 

diode‖ or LED. 

The visible tight is from 400 nm to 700 nm and the 

corresponding energy is between 2.8 eV to 1.8 eV. 

Therefore, the energy gap of the semiconductor to be 

used in LED, in order to have the emitted radiation be in 

the visible region, should be 1.8 eV. Phosphorous doped 
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gallium arsenide and gallium phosphide are two such 

suitable semiconductors. 

10. The diode used is Zener diode 

The circuit diagram is as shown. 

 
The Zener diode can be used as a voltage regulator in its 

breakdown region. The Zener voltage remains constant 

even when the current through the Zener diode changes. 

11. The biasing of a light-emitting diode (LED), has 

been shown below. 

 
Two main advantages of LED over conventional 

incandescent lamps are as follows: 

1. Low operational voltage and less power consumption. 

2. Fast action and no warm-up time required. 
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3. The bandwidth of emitted light is 100 A to 500 A or in 

other words, it is nearly (but not exactly) monochromatic. 

4. Long life and ruggedness. 

5. Fast on-off switching capability. 

12. It is fabricated with a transparent window to allow 

light to fall on the diode. It is fabricated such that the 

generation of e-h pairs takes place in or near the depletion 

region of the diode. 

When the photodiode is illuminated with light (photons) 

with energy (hw) greater than the energy gap (Eg) 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 the electric field of 

the junction, electrons and holes are separated before they 

recombine. 

The direction of the electric field is such that electrons reach 

the n-side and holes reach the p-side. Electrons are 

collected on the n-side and holes are collected on the 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 

(photocurrent is proportional to incident light intensity). 

The diagram is as shown. 

It is easier to observe the change in the current with a change 

in the light intensity if a reverse bias is applied. Thus 

photodiode is used in the reverse bias mode even when 
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the current in the forward bias is more. 

 
13. The circuit diagram is as shown. 

 
The two ends S1 and S2  of a center-tapped secondary of a 

transformer are connected to the P sections of the two 

diodes D1 and D2 respectively. The n-sections of the two 

diodes are joined together and their com¬mon junction is 

connected to the central tap C of the secondary winding 

through a load resistance RL. The input is applied across 

the primary and the output is ob¬tained across the load 

resistance RL. The arrows show the direction of the 

current. 

Assume that the end A of the secondary is positive during 

the first half cycle of the supply voltage. This makes 

diode D1 forward biased and diode D2 reverse biased. 

Thus diode D1 conducts and an output is obtained across 

the load RL. 
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During the second half cycle of the supply voltage, the 

polarities of the secondary windings reverse. A becomes 

negative and B becomes positive with respect to the 

central terminal C. This makes diode D2 forward biased. 

Hence it conducts and an output is obtained across RL. 

The input-output waveforms are as shown. 

 
14. Correct diagram and explanation from NCERT 

15. Corrct explaination from NCERT 

16. Ref. to NCERT for correct explaination. 

17. Solar Cell: A solar cell is a junction diode that 

converts solar energy into electrical energy. In a solar 

cell, the n-region is very thin and transparent so that most 

of the incident light reaches the junction. The thin region 

is called the emitter and the other base. When light is 

incident on it, it passes through the crystal onto the 

junction. The electrons and holes are generated due to 

light (with hv > Eg). The electrons are kicked to the n-side 

and holes to the p-side due to the electric field of the 

depletion region. Thus p-side becomes positive and the n-

side becomes negative giving rise to a photo-voltage. 
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Thus it behaves as a cell. 

 
 

Si and GaAs are preferred for solar cell fabrication due to 

the fact that their bandgap is ideal. Further, they have 

high electrical conductivity and high optical absorption. 

18.  

1. Drift and 

2. diffusion. 

The n-type has an excess of electrons and the p-type has an 

excess of holes. When a p-n junction has formed the 

electrons from the n-type diffuse into the p-region and the 

holes in the p-type diffuse into the n-region. These 

diffusing electrons and holes combine near the junction. 

Each combination eliminates an electron and a hole. This 

results in the n-region near the junction becoming 

positively charged by losing its electrons and the p-region 

near the junction becoming negatively charged by losing 

its holes. 

This accumulation of electric charge of opposite polarities in 

the two regions across the junction establishes a potential 

difference between the two regions. This is called the 

potential barrier or junction barrier. 

The potential barrier developed across the junction 

opposes the further diffusion of the charge carriers from p 
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to n and vice versa. As a result, a region develops on 

either side of the junction where there is a depletion of 

mobile charges and has only immobile charges. The 

region around the junction which is devoid of any mobile 

charge carriers is called the depletion layer or region. 

Answer Key (MCQs) 

S. NO. Correct option S. 

NO. 

Correct option 

1 A 16 B 

2 B    17 B 

3 C 18 D 

4 C 19 C 

5 C 20 B 

6 D 21 B 

7 C 22 B 

8 C 23 C 

9 C 24 B 

10 C 25 D 

11 B 26 C 

12 C 27 B 

13 C 28 B 

14 C 29 D 

15 B 30 D 

 

Answer Key (ASSERTION REASON) 

S. NO. Correct option S. NO. Correct option 

1 C 11 A 

2 C 12 B 

3 A 13 B 

4 A 14 A 

5 C 15 A 

6 B 16 A 
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7 D 17 C 

8 B 18 D 

9 D 19 C 

10 A 20 A 

Answer Key (case study based) 
Case I Case II Case III Case IV 

1 A 1 A 1 B 1 B 

2 B 2 D 2 B 2 C 

3 A 3 B 3 C 3 A 

4 C 4 C 4 C 4 C 

5 C 5 A 5 A 5 C 

Case V Case VI Case VII Case VIII 

1 C 1 C 1 D 1 A 

2 B 2 C 2 B 2 D 

3 C 3 D 3 C 3 C 

4 C 4 B 4 C 4 C 

  -    5 B 

Case IX Case X   

1 B 1 B     

2 B 2 C     

  3 C     

  4 C     

-  5 A     

 


