
Dual nature of matter and radiations 

1. Name the phenomenon which establishes particle nature of light. 

2. A certain photosensitive surface is exposed to a source and the corresponding 

current is being recorded as I. What will be the value of current if the distance 

between the source and the surface is reduced to half? 

3. Name the experiment which establishes wave nature of particles.  

4. Davisson and Germer performed a famous experiment with electron. What 

did they establish with their experiment? 

5. List important observations made by Lenard which lead to quantum theory of 

radiations. 

6. The resolving power of an electron microscope depends on the wavelength of 

the electrons and increases with decreasing wavelength. A microscope uses 

electrons accelerated through a potential difference ‘V’ produces electrons 

with wavelength . The wavelength is to be reduced to 
1

10 . What should be 

the new accelerating potential? Justify your answer.  

7. An uncharged zinc plate becomes positively charged when irradiated by 

ultraviolet radiations. What is the phenomenon due to? Name the 

phenomenon. 

8. A certain metal surface exposed to light from a source emits electrons but not 

when exposed to yellow light. Will the metal emit electrons with  

(a) infra-red radiations. 

(b) ultraviolet radiations? 

Give reason for your answer.  

9. The de-Broglie wavelength associated with a proton and a neutron are found 

to be equal. Which of the two has a higher value of kinetic energy? 

10. Does the stopping potential in photoelectric emission depend on  

(i) intensity of the incident of the cathode? 

(ii) nature of the material of the cathode? 

(iii) the frequency of the incident radiations. Give reason for your answer. 



11. Obtain dimensional formula for : (i) Planck’s constant  (ii) Stopping potential 

(iii) Work function. 

12. Ultraviolet light of a certain frequency is incident on two different 

photosensitive surfaces with work function W1 and W2 (W2 > W1). In which of 

the two cases will the stopping potential be more and why? 

13. Name the scientist who established quantum nature of electric charge. 

14. The work function of metal A is smaller than that for metal B. Which of two 

metals has a shorter threshold wavelength? 

15. Why are metals generally used as source of electrons? 

16. Two beams blue and green are in turn used to emit electron from a certain 

photosensitive surface. 

(a) For which of the two beams will the emitted photoelectrons have greater 

value of maximum kinetic energy. 

(b) If the incident light is pure monochromatic blue light, will all 

photoelectrons emitted have equal values of maximum kinetic energy? 

Give reason for your answer. 

17. Define electron volt. 

18. How will the maximum kinetic energy of photoelectrons emitted change if 

the photocathode is replaced with another of smaller value of work function? 

19. How many electron volts make one joule. 

20. A photocell emits electrons with a maximum kinetic energy of 5 eV. What will 

be the stopping potential? 

21. State two factors on which the work function of a metal depends. 

22. Represent graphically the variation of photon energy with frequency of 

radiations.  

23. Name the metal having  (i) the highest value of work function 

(ii) the lowest value of work function. 

24. Find the (a) maximum frequency (b) minimum wavelength of X-rays produced 

by 30 kV electrons.  



25. List any three physical processes by which electrons can be emitted from a 

metal surface. Whish of the methods is most widely used and why? 

26. In a certain photoelectric experiment, the cut-off voltage was found to be 2.5 

V. What is the maximum kinetic energy of photoelectrons emitted? 

27. What the difference between thermions and photo electrons? 

28. X-rays of wavelength  eject photoelectrons from the surface of a metal with 

negligible work function. Obtain an expression for the de-Broglie wavelength 

associated with the photoelectrons mitted. 

29. It is known that the -rays and cathode rays have same specific charge and 

consist of particles with equal mass. How do we differentiate between -rays 

and cathode rays? 

30. State the laws of photoelectric effect. Using Einstein’s equation, explain the 

laws of photoelectric emission.  

31. Two photons have frequencies v and 2v. What is the ratio of the  

(i) energies associated with the photons? 

(ii) linear momentum associated with the two photons? 

32. Describe why the wave theory fails to explain the phenomenon of 

photoelectric effect. 

33. A certain light beam consists of n photons crossing per unit area per sec with 

energy. Each and linear momentum p each. 

How will these three values, (n, E and p) change if 

(i) intensity is doubled and frequency kept constant. 

(ii) intensity is kept constant and frequency becomes double? 

34. What is photoelectric effect? What conclusion about the nature of light does 

it lead to? 

35. A 5 mW laser source produces monochromatic light of frequency 6.0 x 1014 

Hz. 

(a) What is the energy of a photon in the light beam in joules and in eV? 

(b) How much linear momentum is associated with each photon?  



(c) Calculate average number of photons emitted per unit time by the source. 

(d) What is the total momentum of the photons emitted/sec. 

36. With the help of a neat and labelled diagram, describe how Davisson and 

Germer experiment established the wave nature of electrons.  

37 The work function for caesium is 2.14 eV. Find 

(a) the threshold wavelength for caesium. 

(b) the frequency of radiation incident on caesium if the stopping potential is 

0.60 V. 

38. Calculate the momentum of electron accelerated through a 14 V potential 

difference. What will be the de-Broglie wavelength associated with the 

accelerated electrons.  

39. The following table gives the values of work function for a few photo-

sensitive metals 

Metal Sodium Potassium Molybedinum 

Work function 

0 (eV) 

1.92 2.15 4.17 

Each of these metals is exposed to radiations of wavelength 4000 Å. Which of 

these metals will emit photo-electrons and why? 

40. An electron of mass m accelerated through a potential difference V has a de-

Broglie wavelength . Calculate the de-Broglie wavelength of a proton of 

mass I accelerated through the same potential difference. 

41. By how much would the stopping potential for a given photosensitive surface 

go up if the frequency of the incident radiations were to be increased from 4 

x 1015 Hz to 8 x 1015 Hz. 

Given  h = 6.4 x 10-34 J-s; e = 1.6 x 10-19 C and c = 3 x 108 ms-1. 

42. Two protons p1 and p2 have de-Broglie wavelengths 1 and 2 with 1 > 2. 

The two protons are made to enter a uniform magnetic field in a direction 

normal to the magnetic field. What will be the relation between the radii (r1 

and r2) of their paths? 

43. A nucleus at rest splits up into two parts of masses m1 and m2 (m1 > m2). If 1 

and 2 are de-Broglie wavelengths associated with these parts, what will be 



relation between 1 and 2. Give reason for your answer. 

44. A metal surface illuminated by radiation of wavelength  has a stopping 

potential V0 but with same surface illuminated by radiation of wavelength 2; 

the stopping potential becomes V0 . Find the threshold wavelength for 

metallic surface.                             

45. Calculate the de-Broglie wavelength of  

(i) an electron (in the hydrogen atom) moving with a speed 
1

100 of the speed 

of light in vacuum. 

(ii) a ball of radius 5 mm and mass 3 x  10-2 kg moving with a speed of 100 ms-

1. Hence show that the wave nature of matter is important at the atomic level 

but is not really relevant at the macroscopic level. 

46. Every metal has a definite value of work function. The photoelectrons ejected 

from the metal surface are emitted with different velocity explain why? 

47. An electron is accelerated through a potential difference V. Obtain an 

expression for the de-Broglie wavelength associated with the electron. If the 

applied potential is doubled, how will the de-Broglie wavelength change.  

48. A metal when exposed to radiation of frequency v1 emits electron with 

energy E1 and with frequency v2, it emits electrons with kinetic energy E2. Find 

the work function of the metal.  

49. A proton and a deuteron have the same kinetic energy. Find the ratio of the 

de-Broglie wavelength associated with the proton to that of deuteron. 

50. In a photocell placed 74 cm away from a monochromatic source, the stopping 

potential is 3V and the photoelectric current is 20 mA. How will these values 

change if the source is brought closer to a distance of25 cm. 

51. A proton and an -particle have equal de-Broglie wavelengths. Calculate the 

ratio of the kinetic energy of the proton to that of the alpha particle. 

52. An argon laser emitting 488 nm light ejects 0.38 eV peak energy 

photoelectrons. Calculate the work function of the photocathode. 

53. The wavelength  of a photon and the de-Broglie wavelength of an electron 

have the same value. Show the energy of the photon is  mc  

                                                                                                       h   



times the kinetic energy of the electron where m, c and h have their usual 

meanings. 

54. If the frequency of incident radiations is doubled, what change occurs in  

(i) maximum  kinetic energy of photoelectrons? 

(ii) stopping  potential? 

Give reasons for your answer. 

55. In an experiment, a graph was plotted between cut-off voltage and frequency 

of the incident radiation. What will be the shape of the graph? If at a 

particular point, the slope is found to be 4.12 x 10-15 Vs, calculate Planck’s 

constant. 

56. The wavelength of an electron moving with certain velocity is . What will be 

its new wavelength if its KE is doubled? 

57. Light of frequency 7.21 x 1014 Hz is incident on a metal surface. Electrons with 

a maximum speed of 6 x 1015 m/s are ejected from the surface. What is the 

threshold frequency for emission of photoelectrons? 

58. State Einstein’s equation of photoelectric effect. Using the equation show 

that the graph between kinetic energy of electrons emitted and frequency is 

a straight line with slope independent of the nature of the metal. 

59. 
Using the value of specific charge 

e
m  of electron as 1.76 x 1011 c kg-1, calculate 

the speed to which the electron are accelerated when subjected to a 

potential difference of 500 V. 

60. Represent graphically the variation of the de-Broglie wave-length with linear 

momentum of the particle. 

61. When light of frequency v falls on a surface of metal with threshold frequency 

3.3 x 1014 Hz, the stopping potential is found to be 2 V. Calculate v. 

62. The de-Broglie wavelength of an electron moving with a velocity v is 100 Å. 

What will be the wavelength of electron moving with velocity 2v? 

63. Calculate the energy per proton and the average number of photons emitted 

per sec by a 5 mW source emitting radiations of frequency 3 x 1014 Hz. 

64. What is the kinetic energy of an electron with de-Broglie wavelength 1 Å? 

Given h = 6.6 x 10-34 Js; me = 9 x 10-31 kg. 



65. A photosensitive material is exposed to electromagnetic radiation of 

wavelength    (i) longer than the threshold wavelength? 

(ii) smaller than the threshold wavelength? 

After approximately how much time will the photoelectric emission take 

place in each of the above cases? Give reason for your answer. 

66. An electron and a photon have equal energy (E). Obtain the ratio of their 

wavelengths. 

67. An X-ray tube produces a continuous spectrum with its short wavelength end 

at 0.45 Å. What is the maximum energy of a photon in the radiation?  

The X-rays are emitted by fast moving electrons hitting a metal target of large 

atomic number. Estimate the accelerating potential required to eject a 

photon of the maximum energy calculated for the above X-ray tube. 

68. A proton and an alpha particle are accelerated through same potential 

difference ‘V’. Calculate the ratio of their de-Broglie wavelengths. 

70. In a photoelectric experiment an incident radiation of wavelength  emits 

photo electrons with maximum kinetic energy E. Calculate the wavelength of 

the incident radiations to get photoelectrons with energy 2E. 

71. Assuming that 1% of the photons in a 39.8 W m-2 intensity beam of 

wavelength 5000 Å cause emission of photoelectrons, calculate the resulting 

photoelectric current. 

72. Electrons accelerated through a potential difference of 100 V follow a circular 

path of radius 12 cm in a uniform magnetic field of 2.83 x 10-4 T normal to 

their motion. Estimate the specific charge of the electron from the data. 

73. The human eye needs a minimum intensity of 10-10 W m-2 to produce 

sensation of sight. If the area of the pupil is 10-6 m2 and the wavelength of 

incident light is 5600 Å; What should be the minimum number of photons 

entering the pupil/sec to execute the sense of sight.  

74. Show that the wavelength of electromagnetic radiation is equal to the de-

Broglie wavelength of its quantum. 

75. An electron moving with velocity v and a photon have same de-Broglie 

wavelength. What will be the ratio of their energy values? 

76. How does the de-Broglie wavelength of a particle vary with charge? 



 


