
Atoms and Nuclei 

 

 

 

1. State two limitations of JJ Thomson’s model of atom. 

2. Write the SI unit for activity of a radioactive substance. 

3. What observations led JJ Thomson to conclusion that all atoms have identical negatively 
charged particles? Name the particles.  

4. State the laws of radioactive decay. 

5. Why condensed matter like solids, liquid and dense gases emits electromagnetic radiations 
at all temperatures containing continuous distribution of wavelengths whereas the 
radiations emitted by rarefied gases are only discrete wavelengths.  

6. Why is heavy water used as a moderator in thermal nuclear reactors? 

7. Represent graphically the variation of number of alpha-particles detected versus the 
scattering angle in degrees.  

State any two observations from the graph. What conclusion did Rutherford draw about the 
structure of the atom from these observations? 

8. 
The nucleus of 

32

15
 
P undergoes the process of -decay. Write the reaction. 

9. By means of a diagram, show the trajectory of an alpha particle in coulomb field of a target 
nucleus in scattering experiment in each of the following three cases 

(i) Zero impact parameter 

(ii) Small impact parameter 

(iii) Large impact parameter 

Mark the scattering angle in each of the cases. 

10. Define the term mass defect of a nucleus. State its relation with binding energy. 

11. What is the distance of closest approach to nucleus in Geiger-Marsden experiment when a 
7.7 MeV alpha-particle is used. 

Given      Z = 79 (for gold) 

12. Two nuclei have mass numbers in the ratio 1:3. What is the ratio of the densities of the 
nuclear matter in the nuclei? 

13. State the condition for dynamic stability of electron in its orbit in hydrogen atom. Using the 
condition calculate. 

14. Which of the radiations (i) alpha (ii) beta (iii) gamma are 

(a) not deflected by magnetic field? 

(b) deflected by electric field? 

What conclusions can be drawn about these radiations on the basis of the field forces? 

15. State one important difference between Thomson’s model of atom and Rutherford’s model 
of atom. 

16. The half life of a radioactive sample is T. Give the formula for the (i) decay constant (ii) mean 
life of this sample. 

17. State two limitations of Rutherford’s nuclear model of atom. 

18. State four important properties of nuclear forces. 

19. Give one application of study of atomic spectra. 

20. Write one point of difference between an electron and a beta particle.  

21. State the results of alpha particle scattering experience. If the experiment is repeated with 
solid hydrogen foil instead of thin gold foil, what changes in the results of scattering 
experiment are expected? Give reasons for your answer. Note that the hydrogen is solid 
below 14 K. 

22. What are thermal neutrons? 

23. A nucleus at rest splits up into two parts with velocity ratio 2 : 1. Calculate the ratio of their 
radii of the two nuclear fragments.  

24. Define the term decay constant. Give its SI unit.  



25. A heavier nucleus of an element splits into two lighter nuclei. If the process is accompanied 
by release of energy, which of the two- the parent or the daughter nuclei would have higher 
binding energy per nucleon.  

26. Two nuclei have their radii in the ratio 1 : 2. Give ratio of their mass numbers. 

27. Two lighter nuclei fuse to form a heavier nucleus. The process takes place with release of 
energy. If M1 is total mass of the two lighter nuclei and M2 that of the resulting nucleus; 
which of the two M1 or M2 has a higher value and why? 

28. The moderators used in nuclear reactors are generally hydrogen rich. Give reason.  

29. 
A radioactive material is reduced to 

1
8  of its original amount in 3 days. How much material 

should we begin with so that 9 x 10
-3

 kg is left after 6 days? 

30. 
A uranium nucleus 

235

92
 
U bombarded with a neutron 

1

0
 
n undergoes nuclear fission. The fission 

products identified in the reaction were 
94

38
 
Sr + 

140

54
 
Xe besides neutrons. What is the number 

of neutrons released? Give one practical application of the nuclear fission reaction.  

31. In the spectrum of a star; certain lines were observed in the visible and ultraviolet regions 
and their wavelengths measured to be : 

824 Å, 970 Å, 2504 Å, 5173 Å, 6100 Å. Which of these lines cannot belong to the spectrum of 
hydrogen? Justify your answer with suitable calculations. 

(Given Rydberg constant R = 1.03 x 10
7
 m

-1
 and 

1
R  = 970 Å) 

32. Compute the ratio of density of nucleus to that of a hydrogen atom in ground state. Take 
radius of nucleus 1 fermi and radius of orbit of electron as 10

-10
 m. 

33. 
Using the data : 

1
R  = 970 Å; calculate the minimum wavelengths which belong to Lyman, 

Balmer, Paschen, Brackett and Pfund series. 

34. State two quantities which remain conserved during a nuclear reaction. 

35. The half life of a radioactive sample against -decay is 5500 years. Its initial activity is found 
to be 15 decays per minute per gram. In how much  time will its activity reduce to 10 decays 
per minute per gram? 

36. What is the approximate ratio of nuclear mass densities of two nuclei with mass number 27 
and 125? 

37 In an alpha particle scattering experiment, the kinetic energy of the particle is reduced to 
half. What will be the change in distance of closest approach? Support your answer with 
necessary formula. 

38. 
A

12

6
 
C nucleus emits 

+
 particle. Write the reason. 

39. In an experiment to study alpha particle scattering; the distance of closest approach is 
measured as ‘d’ m. What information do you get about the nuclear radius from the result? If 
an alpha particle of half the velocity is used as a projectile what will the distance of closest 
approach? 

40. A nucleus emits (i) an electron.  

(ii) a positron during a decay reaction. Will the neutron to proton ratio increase or decrease 
in these decay processes? 

41. The first line of Lyman series in hydrogen spectrum has a wavelength of 1220 Å calculate the 
wavelength of the second member of the series.  

42. Draw the curve showing variation of binding energy per nucleon with mass number of 
different nuclei. Briefly state how nuclear fission and fusion reaction can be explained on the 
basis of this graph. 

43. The half life of a certain radioactive substance is 40 days. How long will it take for 75% of the 
substance to disintegrate? 

44. 
The half life of 

238

92
 
U against -decay is 4.5 x 10

9
 years. Write equation for their decay 



reaction. Calculate the activity of one gram sample of 
238

92
 
U. 

45. If n nuclei decay per second from a radioactive substance containing N nuclei, what is the 
half life of radioactive element. 

46. 
For a nucleus 

238

92
 
U, calculate the neutron to proton ratio. The nucleus under an -decay. 

What will be the neutron to proton ratio after decay reaction? 

47. The half life of a certain radioactive element is T years. State whether the half life will 
increase or decrease in each of the following cases “ 

(i) the radioactive sample is subjected to a strong electric field. 

(ii) the sample is buried deep under earth to subject it to tremendous pressure. 

(iii) the sample is powdered to increase its surface area. 

(iv) the element is made to enter into chemical combination with same other element to 
form a compound.  

48. State the condition for nuclear fission chain reaction to be a controlled reaction. 

49. Show that the nuclear density is independent of mass number of nuclei. 

50. 
A nucleus 

A

Z
 
X emits first an alpha particle followed by a beta particle. What is the atomic 

number and mass number of the nucleus formed after these successive disintegrations? 

51. What is ratio of the (i) radii (ii) densities of two nuclei with mass number 8 and 27? 

52. 
A helium nucleus of energy 10 MeV collides head on with a 

64

29
 
Cu nucleus and retraces its 

path. Estimate the radius of copper nucleus.  

53. A deuterium nucleus and a tritium nucleus are to be made to undergo a nuclear reaction. 
Calculate the kinetic energy needed to overcome the columbic repulsion between them. 
What will be the temperature required to impart this kinetic energy. Take radius of each 
particle to be 1.5 fermi.  

54. A certain radioactive substance has a half life of 30 days. Find its average life and decay 
constant. After how much time will the activity of its sample reduce to 6.25% of its original 
activity? 

55. Write the name of the most stable atomic nucleus. 

56. Bohr’s quantisation condition is a consequence of de-Broglie equation. Explain. 

57. If 80% of a given radioactive sample is left undecayed after 10 days, what percentage of the 
original sample will be decay is 30 days. 

58. 
In nature 90.51% of neon occurs as 

20

10
 
Ne; 9.22%, as 

22

10
 
Ne and 0.27% as 

21

10
 
Ne. The atomic 

masses of the three isotopes are 19.99u and 20.99u. Obtain the average mass of neon atoms.  

59. Represent graphically the number of radioactive nuclei left undecayed with time. Mark half 
life on the graph. 

60. Tritium has a half life of 12.5 y undergoing beta decay. What fraction of the sample of pure 
tritium will 

(i) decay after 37.5 y? 

(ii) remain undecayed after 25 y? 

After how much time will the given sample. 

61. The half life of a radioactive element is 1590 years. In how many years will the pure sample 
of the element reduce to 1 percent of the original mass? 

62. 
56

26
 
Fe is known to be the most stable nucleus. Given mass of a nucleus the said iron isotopes is 

55.85 u, find its nuclear density. Use R0 = 1.1 fm. 

63. If Z is the mass number and N the number of neutrons in the nucleus, the observations show 
that the number of stable nuclei with even Z, even N exceeds the number of stable nuclei 
with even Z, odd N or odd Z, even N. What conclusion can we draw about the nature of 
neutrons and protons? 

64. An electron in an atom jumps from one level to another level separated by a difference of 



2.3 eV. Calculate the frequency of the photon absorbed by the atom.  

65. State the factors which contribute to stability of nuclei. 

66. The radius of the innermost electron orbit in hydrogen atom is 0.53 Å. Calculate the radii of 
the second and the third orbits. 

67. The atomic mass of boron is 10.811 u. Boron is known to have two stable isotopes 
10

5
  
B  (mass 

= 10.01294 u) and 
11

5
 
B  (mass = 11.00931 u). Find the relative abundance of  

10

5
  
B and  B is 

nature.   

68. 
A 

6

3
 
Li nucleus absorbs a neutron and subsequently emits an alpha particle.  

(i) Write the corresponding reaction. 

(ii) Calculate the energy released in MeV in this reaction  

Given mass (
6

3
 
Li) = 0.01512126 u, m (

1

0
 
n) = 1.0086654u 

       m(
4

2
 
He) = 4.0026044u and m(

3

1
 
H) = 3.010000 u take u = 931 MeV/C 

69 A radioactive sample decay rate reduces from 250000/minute to 6250/min in 5 minutes. 

Calculate the decay constant. Given log
2

e
 
  = 0.693 

70 
Calculate the binding energy per nucleon (in MeV) for 

4

2
 
He and 

3

2
 
He. Comment on the 

difference of the values for these nuclei and its significance in relation to -decay of the 
nuclei 

Given m(
1

1
 
H) = 1.00783 u m(

1

1
 
n) = 1.00867u 

         m(
3

2
 
He) = 3.01664 and m (

4

2
 
He) = 4.00387u 

71 
A nucleus of  

235

92
 
U emits the following particles one after the other : 

, 
-
, 

-
, , ,, ,, 

-
, 

-
,, 

+
, 

+
, . 

Calculate  the mass number and charge number of the resultant nucleus. 

72 Draw a labelled diagram of experimental set up used by Geiger and Marsden to carry out 
Rutherford’s alpha particle scattering experiment. Write two important inferences drawn 
from this experiment.  

73 
Out of  

16

8
 
O;  

40

18
 
Ar and 

133

55
 
Cs; caesium is known to have the lowest ionisation potential. Give 

reason.  

74 Two radioactive nuclei X and Y initially contain equal number of atoms. The life of these 
nuclei is 1 hour and 2 hour respectively. Calculate the ratio of their rates of disintegration 
after (i) two hours (ii) four hours. 

75 
The binding energy per nucleon of deuteron  (

2

1
 
H)  and  helium  nucleus (

4

2
 
He) is known to be 

1.1 MeV and 7 MeV respectively. If two deuteron nuclei react to form a single helium 
nucleus; calculate the energy released.  

76 Which of the radiations; -rays, -rays and -rays: 

(a) are similar to X-rays 

(b) travel with greatest speed 

(c) are easily absorbed by matter 

(d) are similar in nature to cathode rays. 

77 
Calculate the radius of 

125

52
 
Te nucleus if that of  

27

13
 
AI is estimated to be 3.6 fermi. 

78. A nuclear reaction results in release in very large quantity of energy as compared to that 
released in a chemical reaction. Why? 



79 The atoms in a hydrogen discharge tube are excited to the fourth energy state and the 
spectrum of the radiations emitted is studied. According to Bohr’s theory, what is the 
maximum number of lines emitted by the source? What transitions do these lines 
correspond to? 

80 Derive a relation between decay constant and half life of a radioactive sample. 

81. The ratio of the instantaneous decay rate to the number of radioactive atoms actually 
present in a sample is denoted by y. Represent graphically the variation of y with time ‘t’. 

82. How does the scattering angle of an -particle with a particular energy value change if the 
impact parameter is reduced. 

83 What percentage of radioactive nuclei will be left undecayed in a sample after (i) one half life 
(ii) one mean life. 

84 With the help of a labelled diagram, discuss how energy released in nuclear fission reaction 
can be used for peaceful purpose. 

85 The half life of a radioactive substance is 7 days. After how much time, will the number of 
undecayed atoms to number decayed be in ratio 1 : 7? 

86 Define the term Bohr’s radius. Give its value in SI units. 

87 A radioactive element X with decay constant  decays to a stable element Y. After how much 
time will the number of nuclei of X become equal to that in Y? 

88. State the postulates of Bohr’s theory of hydrogen atom. Using the postulates, obtain an 
expression for  

(i) radius of n
th

 orbit 

(ii) total energy of electron in n
th

 orbit 

(iii) speed of electron in n
th

 orbit. 

89. State one similarity and one difference between the Rutherford’s nuclear model of atom and 
the solar system. 

90. Represent the variation of nuclear force v/s distance between nucleons graphically. 

91. Obtain an expression for the KE of an electron revolving around the nucleus of hydrogen. 
Show that the KE is numerically equal to the total energy and half the electrostatic potential 
energy of the electron. 

92. State two similarities and two differences each in alpha, beta and gamma radiations. 

93. Show that the energy of an electron in a hydrogen atom is the least in the innermost orbit 
and increases in the higher orbits. 

94. State the formula for wave number of spectral lines emitted by hydrogen atom. Using the 
formula, calculate the ratio of the largest wave number in Balmer series to that in Paschen 
series. 

95. According to Bohr’s theory of hydrogen atoms, the electrons in an atom move only in 
stationary orbits. What does it imply? Are the electrons at rest? 

96 Show how de-Broglie wave equation results in quantisation condition proposed by Bohr in 
his theory of hydrogen atom. 

97 Show that the radii of orbits of electrons in hydrogen atom are in the ratio 1:4:9:16. 

98 The radius of 2nd orbit of electron in hydrogen atom is 2.12 Å. Calculate the radius of third 
permitted orbit. 

99 Obtain an expression for speed of electron in n
th

 orbit. Show that the electron speed in the 

innermost orbit is 
1

137 th of speed of light and decreases in the higher orbits. 

100 The ground state energy of electron in hydrogen atom is – 13.6 eV. Find the kinetic energy 
and potential energy of the electron in (i) ground state (ii) first excited state. 

101 In hydrogen atom, what changes do you observe in  

(i) P.E.     (ii) KE    (iii) total energy as we go to the higher orbits. Give reason. 

102 Obtain expression for radius of first orbit of electron in doubly ionised lithium ion. If the 
radius of innermost radius in hydrogen atom is 0.53 Å. Calculate its value in Li

++ 
ion. 

103 Obtain an expression for (i) speed (ii) total energy of electron in first orbit of doubly ionised 
lithium atom. How do these values compare with the corresponding value in hydrogen 



atom? 

104 Calculate the shortest and the largest wavelengths in Lyman series in the spectrum of 
hydrogen atom. Given Rydberg’s constant R = 1.09 x 10

7
. 

105 A tube contains hydrogen gas with all atoms in ground state. What is the minimum energy of 
the photon that can be absorbed by the atom. Give reason for your answer. How much 
energy is required to make electron free from the atom? 

106 Obtain an expression for period of electron in n
th

 orbit of hydrogen atom. Calculate the ratio 
of the periods in 2

nd
 and 3

rd
 orbits. 

107 
 Given m ( 

238

92
 
U) = 238.05079 u 

          m ( 
1

1
 
H) = 1.00783 u; m ( 

234

90
 
Th) = 234.04363 u 

         m ( 
237

91
 
Pa) = 237.05121 u; m ( 

4

2
 
He) = 4.00260 u 

From the data given above; show that  

(i)  
238

92
 
U cannot spontaneously emit a proton. 

(ii) Alpha decay of 
238

92
 
U is energetically possible. Calculate the energy released during the 

process. 

108 
56

26
 
Fe : the iron nucleus has the highest binding energy per nucleon and is the most stable 

nucleus Radioactivity is a natural phenomenon by which the nuclei attain greater stability. 

Verify the fact by showing that 
56

26
 
Fe nucleus cannot spontaneously split into two  

28

13
 
Al nuclei. 

109 The nuclei of atoms contain protons and neutrons. How do certain nuclei emit -particles 
(negatively charged electrons)? 

110 In hydrogen atom; a mu-meson (muon) is assumed to replace the electron. The charge on the 
muon is equal to the electron charge and its mass is 273 times the mass of electron. Compare 
the (i) radius and (ii) energy value of this muonic atom is ground state to that of the electron 
atom. 

111 Represent graphically the variation of nuclear density with increase in mass number. 
 


