
 

 

7. DUAL NATURE OF MATTER & RADIATION 

GIST 

 The elementary particle in an atom having negative charge of magnitude 1.6 

x 10-19 C and mass of 9.1 x 10-19 kg is called electron. 

 There are four types of electron emission, namely, Thermionic Emission, 

Photoelectric Emission, Field Emission and secondary emission. 

 The minimum energy required by an electron to escape from the metal 

surface is called work function. 

 Work function is conveniently expressed in electron volts ( e V ).  

 One electron volt is the energy gained or lost by an electron while passing 

through a potential difference of one volt. 

 The phenomenon of emission of electrons from metal surface when suitable 

high frequency radiation incidents on it is called photoelectric effect. The electrons 

thus emitted are called photo electrons. 

 The electric current in the circuit constituting the photo electrons is called 

photoelectric current. It depends on the intensity of incident radiation, potential 

difference applied between the two electrodes and the nature of the material. 

 The minimum negative voltage required to stop completely the photo 

electric current is called stopping potential. 

 The frequency of incident radiation below which no photo electric effect 

takes place is called threshold frequency. 

 Laws of photoelectric effect: 

1. The photoelectric emission is an instantaneous process. 

2. For a given metal and frequency of radiation the photoelectric current is directly 

proportional to the intensity of incident radiation. 

3. For a given metal if the frequency of incident radiation below its threshold 

frequency then no photoelectric effect takes place. 

4. The maximum kinetic energy of photo electron is directly proportional to the 

frequency of incident radiation and independent of its intensity. 

EXPERIMENTAL STUDY OF PHOTOELECTRIC EFFECT 
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The stopping potential Vo depends on i) The frequency of incident light and ii) the 

nature of emitter material. For a given frequency of incident light, the stopping 

potential is independent of its intensity. eVo =(1/2)m 2

max maxv K  

 The light propagates in the form of wave and interacts with matter in the 

form of discrete packets of energy called quantum of energy. One quantum of light 

radiation is called PHOTON. 

 A photon travels with the speed of light 

 Frequency of photon does not change as it travels from one medium to 

another but wavelength changes as speed changes. 

 The rest mass of photon is zero as the photon can not exist in rest. 

 Energy of photon E = hν = hc/λ 

 Momemntum of photon is p = mc = hν/c = h/λ 

 The equivalent mass of photon is m = E/c2 = hν/c2. 

 Einstein’s photo electric equation: Kmax = hν – φ0  or eV0 = hν - φ0 where 

φ0is the work function of metal. 

 Radiation has dual nature: wave and particle. The wave nature is revealed in 

phenomenon like interference, diffraction and polarization. The particle nature is 

revealed by the phenomenon photo electric effect.  

 By symmetry, matter also should have dual nature: wave and particle. The 

waves associated with the moving material particle are called matter waves or 

De Broglie waves.   

 The De Broglie wave length (λ) associated with the moving particle is 

related to its moment p as:  λ =h/p = h/mv.  

 An equation for the De Broglie wavelength of an electron accelerated 

through a potential V. 

 Consider an electron with mass ‘m’ and charge ‘e’ accelerated from rest 

through a potential V. 

K = eV 

 K = 1/2mv2 = p2/2m 

P2 = 2mK 

P = √2mK = √2meV 

λ = h/ √2meV 

Substituting numerical values of h, m and e 

λ = (1.227/√𝑉) nm. 
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CONCEPT MAP 
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QUESTIONS 

 ELECTRON EMISSION, PHOTO ELECTRIC EFFECT 

1 If the intensity of incident radiation in a photoelectric experiment is doubled 

what, happens to kinetic energy of emitted photo electrons?                1                                                                      

2 Calculate the frequency associated with photon of energy 3.3 x 10 -10 J? 

Ans: ν = 5 x 10 23Hz.        1                                     

3  What is the momentum of a photon of energy 1 MeV? 1 

Energy E = 1 MeV = 1.6 x 10 -13J, p = E/c= 5.33x 10-22 Kgm/s 

4 What happens to the velocity of emitted electrons when the wave length of 

incident light is decreased?                                           1 

5 If the frequency of incident radiation in a photocell is increased, does it 

affect the stopping potential?  If so how?                                                                          

1 

6  On what factor does the energy carried by a quantum of light depend?         

1 

7 The threshold wave length for photoelectric emission from a given surface is 

5200Ǻ. Will photo electric emission takes place, if an ultra violet radiation 

of one watt power is incident on it?           1 

8 Name the element with highest work function and also the element with 

lowest work function. 

Highest work function – Platinum ( 5.65eV ) 

Lowest work function – Caesium ( 2.14eV  )                                                 2 

9 Calculate the work function of a metal in eV if its threshold wavelength is 

6800Å. 

Ans: Work function = hc / λ0 = 1.825eV.                                                         

2 

10 Work function of aluminium is 4.2eV. If two photons each of energy 2.5eV 

are incident on its surface, will   the emission of electrons take place?   2                                                      

11 A source of light is placed at a distance of 50cm from a photocell and the cut 

off potential is found to be V0. If the distance between the light source and 

the cell is made 20cm, what will be the new cut off potential? 

Ans: Stopping potential is still Vo.                                                                  2 

  

 EINSTEIN’S PHOTO ELECTRIC EQUATION :ENERGY 

QUANTUM OF RADIATION 

12 Which of the two photons is more energetic: red light or violet light?    1 

13 What will be the stopping potential when a photon of 25eV is incident of 

metal surface of work function 6eV?    Ans : 19 volt                                   1                                                                                                                                                                                                                                                                      

14 Why is alkali metal surfaces better suited as photosensitive surfaces? 1                                                                                                    

15 Blue light can eject electrons from a photo-sensitive surface while orange 
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light can not. Will violet and red light eject electrons from the same surface? 

16 Two metals A & B have work functions 4eV & 10eV respectively. In which 

case the threshold wave length is higher?                                                    1 

  

17 A radio transmitter at a frequency of 880 kHz and a power of 10kW. Find 

the number of photons emitted per second.                                                   2 

Ans: n = energy emitted per second/energy of one photon = 1.716 x 1031.                                                  

18 A parallel beam of light is incident normally on a plane surface absorbing 

40% of the light and reflecting the rest. If the incident beam carries 10W of 

power, find the force exerted by it on the surface.                                      2 

Ans : 5.33 x 10-8 N                                                                                                             

19 No photoelectrons are emitted from a surface, if the radiation is above 5000 

Ǻ.  With an unknown wavelength, the stopping potential is 3V. Find the 

wave length.                                                           3 

Ans : 2262Ǻ                                                                                                                           

20 Illuminating the surface of a certain metal alternately with light of wave 

lengths 0.35μm and 0.54μm, it was found that the corresponding maximum 

velocities of photoelectrons have a ratio 2. Find the work function of that 

metal.                                                                                                             3 

Ans: 5.64eV                                                                                                                            

21 A beam of light consists of four wavelengths 4000Ǻ, 4800Ǻ, 6000Ǻ & 

7000Ǻ, each of intensity 1.5mW/m2. The beam falls normally on an area 10-

4m2 of a clean metallic surface of work function 1.9eV.Assuming no loss of 

kinetic energy, calculate the number of photoelectrons emitted per second.   

Ans :E1 = 3.1eV, E2 = 2.58eV, E3 = 2.06eV, E4 = 1.77eV                              3 

Only the first three wave lengths can emit photo electrons. 

Number of photo electrons emitted per second = IA ( 1/E1+1/E2+1/E3 ) 

                                                                          = 1.12 x 1012. 

( Hint – convert eV into joule before substitution )                                                                      

22 In an experiment on photo electric emission , following observations were 

made; 

( i ) wave length of incident light = 1.98 x 10-7m 

( ii ) stopping potential = 2.5 V. 

Find  ( a ) kinetic energy of photo electrons with maximum speed 

( b ) work function & ( c ) threshold frequency                                          3 

Ans;  ( a ) Kmax = 2.5eV  ( b ) work function = 3.76eV  

( c ) threshold frequency = 9.1x 1014Hz                                                                                

 WAVE NATURE OF MATTER 

1  What is the de Broglie wavelength (in Å) associated with an electron 

accelerated through a potential of 100 V?1 
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Ans: λ = 1.227 A o                                                                                                                                                                    

2  Matter waves associated with electrons could be verified by crystal 

diffraction experiments .Why?1 

Ans: The wave length of the matter waves associated with electrons has 

wave lengths comparable to the spacing between the atomic planes of their 

crystals.                                                1 

3 How do matter waves differ from light waves as regards to the velocity of 

the particle and the wave? 1 

Ans: In case of matter waves, the wave velocity is different from the particle 

velocity. But in case of light, particle velocity and wave velocity are same. 

4 An electron and an alpha particle have same kinetic energy. Which of these 

particles has the shortest de- Broglie wavelength? 1 

Ans: Alpha particle 

5 The de Broglie wavelength of an electron is 1 A0. Find the velocity of the 

electron.                             1 

Ans: 7.3 x 10 6 m/s 

6 Find the ratio of wavelength of a 10 k eV photon to that of a 10 keV 

electron. 

Ans: 10 ( Hint: λphoton = 1.24 A0,   λelectron = 0.1227 A0 )                                 2 

7 A proton and an alpha particle are accelerated through the same potential 

difference. Find the ratio of the wavelengths associated with the two. 2 

Ans: (Hint λ = h/ √2meV), λp : λα  = 2 √2 : 1 

8 Why macroscopic objects in our daily life do not show wave like properties?  

OR 

Why wave nature of particles is significant in the sub-atomic domain only? 2 

Macroscopic objects in our daily life do not show wave like properties 

because the wave length associated with them is very small and beyond the 

scope of any measurement. 

In the sub- atomic world, masses of the particles are extremely small leading 

to a wave length that is measurable.                                                                                                        

9 Show that Bohr's second postulate 'the electron revolves around the nucleus 

only in certain fixed orbits without radiating energy can be explained on the 

basis of de Broglie hypothesis of wave nature of electron. 2 

Ans. The de Broglie wavelength  for electron in orbit mvr = nh/ 2π 

 This is Bohr's second postulate. As complete de-Broglie wavelength 

may be in certain fixed orbits, non-radiating electrons can be only in 

certain fixed orbits.  
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10 The de-Broglie wavelength associated with an electron accelerated through   

a potential difference V is . What will be the de-Broglie wavelength when 

the accelerating p.d. is increased to 4V?2 

 

 

 

11 Determine the accelerating potential required for an electron to have a de-

Broglie wavelength of 1 Å.                                                                              2 

Ans: V = 150.6 V 

12 An electron, an alpha particle and a proton have the same kinetic energy, 

which one of these particles has (i) the shortest and (ii) the largest, de- 

Broglie wavelength?                                              2              

Ans: 
1

 =    
2 mk

h

mE
   

13 The two lines A and B shown in the graph plot the de-Broglie wavelength λ 

as function of 1/ √V (V is the accelerating potential) for two particles having 

the same charge. Which of the two represents the particle of heavier mass?     

                                                                                    

2 

 

 

 

Ans: Slope of the graph is h/√2me. 

 Slope of A is smaller, so A represents heavier 

particle.  

14 

 

 

 

15 

 

 

 

 

 

 

 

 

Find the ratio of de-Broglie wavelength of molecules of Hydrogen and 

Helium which are at temperatures 270C and 1270C respectively. 3 

Ans: de- Broglie wavelength is given by λH2  /λ He = √(m He T He/m HT H = 

√(8/3). 

An electron microscope uses electrons accelerated by a voltage of 

50Kv.Determinethede-Broglie wavelength associated with the electrons. If 

the other factors [such as numerical aperture etc., are taken to be  roughly the 

same,how does the resolving power of an electron microscope be compared 

with that of an optical microscope  which uses yellow light? 

Ans:V=50Kw m=9.11x10-31kg  

KE of an electron =50Ev 

Hint λ = h/ √2𝑚𝑒𝑉=5.5x10-12  

2
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16 

 

 

 

17 

 

 

Wavelength of yellow light =5.9x10-7m 
resolving power of an electron microscope

resolving power of optical microscope
=

λy

λ  
=  10⁵  

thus the resolving power of an electron microscope isabout 10⁵ times greater 

than of the optical microscope 

Two beams one of red light and the other of blue light of the same intensity 

are incident on a metallic surface to emit photoelectrons  which one of the 

two beams emits electrons of greater kinetic energy ? 

Ans: Blue light because it has more frequency 

Red light however bright cannot emit  electrons from a clean zinc surface but 

even weak UV radiations can do so why? 

B. X rays of wavelength λ fall on a photosensitive surface assuming that the 

work functions of the surface can be neglected prove that debroglie 

wavelength of electrons emitted will be √ℎ𝜆/2𝑚𝑐 

Ans :Frequency of UV is more than the threshold frequency of zinc surface 

be 

B]1/2mv2=h√ ,p2/2m=hc/λ, p=√2𝑚ℎ𝑐/ 𝜆 

     λ1=h/p=h/√2𝑚ℎ𝑐/ 𝜆 

     λ1=√ℎ 𝜆/2𝑚𝑐 
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VALUE BASED QUESTIONS 

 

1. Rahim, a class XI student of KV, visited his uncle and hears the 

burglar alarm on opening the entrance door; his aunt welcomes him. He goes 

upstairs and asks his uncle who is a Physics Lecturer, about the principle 

working of a burglar alarm. He discusses this with his class mates and 

decides to present a program on ‘Burglar Alarm’ in the morning assembly. 

 a) How will you define the inquisitiveness of Rahim?  

 b) State the laws of photoelectric emission 

(ANS: curiosity to learn, interest in the subject, sharing knowledge; b) Refer 

NCERT book) 

 

2. In an experiment of photoelectric effect, Nita plotted graphs for 

different observation between photo electric current and anode potential but 

her friend Kamini has to help her in plotting the correct graph. Neeta 

Thanked Kamini for timely help.  

a) What value was displayed were Kamini and Neeta.  

b)  Draw the correct graph between I and V  

ANS: a) sharing and caring  

b) Refer NCERT 

 

3. A function was arranged at  the auditorium having a capacity l of 500 

students. When entry started students entered in groups and counting  

became a great problem. Then science students took the responsibility at the 

gate. All the students entered the hall one by one. This helped to maintain the 

discipline and counting became easy with the help of a device used by  these 

students 

a]What values are displaced by science students? 

b] Name the device used and the princciple on which it works? 

 

Ans a]    Knowledge and sense of responsibility. 

 b]Photo cell connected to a digital counter. Photo electric effect. 
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