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PROBLEM SET 

[ATOMIC SPECTRA OF HYDROGENIC ATOMS] 

 

1.  What is the total number of valence electrons in an atom with the electron configuration 2, 8, 

5? 

(a) 2   (b) 5   (c) 8   (d) 15 

2. A Ca2+ ion differs from a Ca0 atom in that the Ca2+ ion has 

(a) more electrons (b) more protons (c) fewer protons (d) fewer electrons 

3. Which particles are referred to as nucleons (subatomic particles located in the nucleus)? 

(a) protons and neutrons   (b) neutrons, only 

(c) protons and electrons   (d) neutrons and electrons 

4. What is the mass number of an atom that contains 19 protons, 19 electrons, and 20 neutrons? 

a) 39   (b) 19   (c) 58   (d) 20 

5. The nucleus of an atom consists of 8 protons and 6 neutrons. The total number of electrons 

present in a neutral atom of this element is  

(a) 6   (b) 8   (c) 2   (d) 14 

6. What is the maximum number of electrons that can occupy the third principle energy level? 

(a) 18   (b) 8   (c) 10   (d) 3 

7. Atoms of 16O, 17O, and 18O have the same number of  

(a) protons, but a different number of electrons.  

(b) protons, but a different number of neutrons.  

(c) electrons, but a different number of protons.  

(d) neutrons, but a different number of protons. 

8. All atoms of an element have the same 

(a) number of neutrons(b) atomic number (c) atomic mass (d) mass number 
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9. The atomic number is always equal to the total number of  

(a) neutrons in the nucleus   (b) neutrons plus protons in the atom 

(c) protons in the nucleus   (d) protons plus electrons in the atom 

10. How many protons are in the nucleus of an atom of Beryllium? 

(a) 2   (b) 4   (c) 9   (d) 5 

11. Which subatomic particle is negative? 

(a) proton  (b) neutron  (c) electron  (d) nucleus 

12. Which of the following particles has the least mass? 

(a) neutron  (b) proton  (c) electron  (d) Hydrogen nucleus 

13. The series limit of the Paschen series is 820.1 nm. The longest wavelength of the Paschen 

series is 

(a) 1281 nm  (b) 1094 nm  (c) 911 nm   (d) 1875 nm 

14. The wavelengths of the Balmer series of emission lines of hydrogen in the visible region could 

be calculated from the formula 

(a) 𝜆 = 364.5 (
𝑛2

𝑛2−9
) nm; where n = 3, 4, 5,..  (b) 𝜆 = 820.1 (

𝑛2

𝑛2−4
) nm; where n = 3, 4, 5,... 

(c) 𝜆 = 364.5 (
𝑛2

𝑛2−4
) nm; where n = 3, 4, 5,..   (d) 𝜆 = 820.1 (

𝑛2

𝑛2−9
) nm; where n = 4, 5, 6,... 

15. The longest wavelengths (in units of nanometer) of the Balmer series of triply ionized 

beryllium (Z = 4) is  

(a) 31   (b) 41   (c) 45   (d) 35 

16. Choose the incorrect statement from the following: 

(a). The orbits in which the electron may exist without radiating electromagnetic energy are known 

as stationary states. 

(b). In stationary states, the angular momentum of the electron may have magnitude 1ℏ, 2ℏ, 3ℏ, 

4ℏ, 5ℏ,…….., but never such values as 2.5ℏ or 3.5ℏ. 

(c) The binding energy of an electron in the n = 3 state is 3.40 eV. 

(d) The second excited state of Hydrogen atom has excitation energy is 12.09 eV. 

17. The radius of nth orbit of single electron system is given by  

(a) 𝑟𝑛 =
𝑛ℎ2𝜀0

𝜋𝑚𝑍𝑒2  (b) 𝑟𝑛 =
𝑛2ℎ2𝜀0

𝜋𝑚𝑍𝑒2  (c) 𝑟𝑛 =
𝑛2ℎ2𝜀0

𝜋𝑚𝑍2𝑒2 (d) 𝑟𝑛 =
𝑛2ℎ2𝜀0

𝜋𝑚2𝑍2𝑒2 
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18. The maximum allowed speed of the electron in a Hydrogen atom is 

(a) 2.18 × 106 m/s (b) 1.09 × 106 m/s (c) 3.27 × 106 m/s (d) 3 × 108 m/s 

19. The radius of the innermost orbit (n = 1) for Hydrogen atom is  

(a) 0.53 Å  (b) 2.12 Å   (a) 1.06 Å  (b) 0.26 Å 

20. The radius of the orbit corresponding to n = 2 for Hydrogen atom is  

(a) 0.53 Å  (b) 2.12 Å   (a) 1.06 Å  (b) 0.26 Å 

21. The longest wavelength in the Lyman series for Hydrogen is 1215 Ǻ. The corresponding 

wavelength in the Balmer series is 

(a) 8200 Ǻ  (b) 6542 Ǻ  (c) 6562 Ǻ   (d) 3640 Ǻ 

22. The energy required to remove the electron from singly-ionized Helium is 

(a) 13.6 eV   (b) 27.2 eV  (c) 54.4 eV  (d) 122.4 eV 

23. The wavelength of the photon emitted, when a Hydrogen atom goes from the 𝑛 = 10 state to 

its ground state, is 

(a) 911 Ǻ  (b) 920 Ǻ  (c) 1020 Ǻ   (d) 950 Ǻ 

24. The angular momentum of the electron in a Hydrogen like atom is 7.382× 10−34 J − s. The 

quantum number of the energy level occupied by the electron is 

(a) 5   (b) 7   (c) 9   (d) 8 

25. A Hydrogen atom in the ground state absorbed a 20 eV photon. The speed of the liberated 

electron is 

(a) 1.5 × 106 𝑚/𝑠 (b) 2.18 × 106 𝑚/𝑠  (c) 1.09 × 106 𝑚/𝑠    (d) 0.73 × 106 𝑚/𝑠 

26. The wavelength of the transition from a lavel for which 𝑛 = 7 to a level for which 𝑛 = 6 for 

quadruply-ionised Boron (𝐵++++) is  (The atomic number of boron is 5 and its Rydberg constant 

is 1.0973 × 105 c𝑚−1) 

(a) 4946 Ǻ  (b) 4964 Ǻ  (c) 4846 Ǻ   (d) 4864 Ǻ 

27. The total energy of the electron in the nth orbit of Hydrogen atom is 

(a) 
𝑒2

4𝜋𝜀0𝑟𝑛
  (b) 

𝑒2

4𝜋𝜀0𝑟2𝑛
  (c) 

𝑒2

8𝜋𝜀0𝑟𝑛
  (d) −

𝑒2

8𝜋𝜀0𝑟𝑛
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28. The kinetic energy of an electron in atom is 

(a) half of its potential energy   (b) twice its potential energy 

(c) equal to its potential energy  (d) thrice its potential energy 

29. The numerical value of the radius of the first orbit of Hydrogen as 

(a) 0.529 nm  (b) 0.0529 Ǻ  (c) 5.29 Ǻ  (d) 0.0529 nm 

30. The first line of Lyman series of a ten times ionized Na atom has a wavelength of about 

(a) 0.1 Ǻ  (b) 1 Ǻ   (c) 10 Ǻ  (d) 100 Ǻ 

31. The range of frequencies of the lines of visible region in Hydrogen spectrum is 

(a) 6000 × 1014 S−1 (b) 600 × 1014 S−1  (c) 60 × 1014 S−1 (d) 6 × 1014 S−1 

32. The shortest wavelength of Balmer series in Hydrogen spectrum is given by the equation 

(a) 
1

𝜆
= 𝑅𝐻 (

1

4
−

1

9
) (b) 

1

𝜆
= 𝑅𝐻 (

1

2
−

1

∞
) (c) 

1

𝜆
= 𝑅𝐻 (1 −

1

∞
) (d) 

1

𝜆
= 𝑅𝐻 (

1

4
−

1

∞
) 

33. Let 𝐸1, 𝐸2, 𝐸3 be the first three energy levels of a Hydrogen atom. Consider the ratio                            

(𝐸3 − 𝐸2)/(𝐸2 − 𝐸1). Neglecting the fine structure condition this ratio is approximately equal to 

(a) 
27

5
   (b) 

1

27
   (c) 

27

4
   (d) 

5

27
 

Statement for linked Answer type Q.34 & Q.35: 

Positronium is an atom formed by an electron and a positron. The mass of a positron is the same 

as that of an electron and its charge is equal in magnitude but opposite in sign to that of an electron. 

The positronium atom is thus similar to the Hydrogen atom with the positron replacing the proton. 

34. The binding energy of a positronium atom is 

(a) 13.6 eV   (b) 6.8 eV  (c) 27.2 eV  (d) 3.4 eV 

35. If a positronium atom makes a transition from the state with n = 3 to a state with n = 2, the 

energy of the photon that is emitted in this transition is closest to  

(a) 1.88 eV   (b) 0.94 eV  (c) 1.13 eV  (d) 2.27 eV 

36.  The wavelength of seventh line of the Balmer series of Hydrogen atom is 

(a) 384 nm  (b) 424 nm  (c) 456 nm   (d) 512 nm 

37. The Bohr model gives the value for the ionization potential of Li2+ion as 
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(a) 13.6 eV   (b) 27.2 eV  (c) 40.8 eV  (d) 122.4 eV 

38. If the wavelength of the first line of the Balmer series in the Hydrogen spectrum is 𝜆, then the 

wavelength of the first line of the Lyman series is    [GATE – 2002] 

(a) (27/5) 𝜆   (b) (5/27) 𝜆  (c) (32/27) 𝜆  (d) (27/32) 𝜆 

39. If R1 is the value of the Rydberg constant assuming mass of the nucleus to be infinitely large 

compared to that of an electron, and if R2 is the Rydberg constant taking nuclear mass to be 7500 

times the mass of the electron, then the ratio 𝑅2 𝑅1⁄  is   [GATE – 2002] 

(a) a little less than unity   (b) a little more than unity   

(c) infinitely small    (d) infinitely large  

40. Consider the Bohr model of the Hydrogen atom. If α is the fine structure constant, then the 

velocity of the electron in its lowest orbit is     [JEST – 2012] 

(a) 𝑐/(1 + 𝛼)     (b) 𝑐/(1 + 𝛼2) or (1 − 𝛼)𝑐  

(c) 𝛼2c      (d) 𝛼𝑐 

41. The binding energy of the Hydrogen atom (electron bound to proton) is −13.6 eV. The binding 

energy of positronium (electron bound to position) is  [JEST – 2012] 

(a) 13.6/2 eV             (b)  13.6/1810 eV     (c)  13.6 × 1810 eV   (d)  13.6 × 2 eV 

42. If a proton were ten times lighter, then the ground state energy of the electron in a Hydrogen 

atom would be         [JEST – 2013] 

(a) less   (b) more  (c) same   

(d) less, more or equal depending on the electron mass 

43. If a proton were ten times heavier, then the ground state energy of the electron in a Hydrogen 

atom would have been       [JEST – 2014] 

(a) less   (b) more  (c) same   

(d) depends on the electron mass 

44. A Hydrogen atom in its ground state is collided with an electron of kinetic energy 13.377 eV. 

The maximum factor by which the radius of the atom would increase is [JEST – 2014] 

(a) 7    (b) 8    (c) 49    (d) 64 
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45. If the Rydberg constant of an atom of finite nuclear mass is 𝛼𝑅∞, where 𝑅∞ is the Rydberg 

constant corresponding to an infinite nuclear mass, the ratio of the electronic to nuclear mass of 

the atom is         [JEST – 2016] 

(a) (1 − 𝛼)/𝛼  (b) (𝛼 − 1)/𝛼  (c) (1 − 𝛼)  (d) 1/𝛼 

46. Given that the ionization energies of Hydrogen (1H) and Lithium (3Li) are 13.6 eV and 5.39 

eV, respectively, the effective nuclear charge experienced by the valence electron of a 3Li atom 

may be estimated in terms of the proton charge e as    [TIFR – 2011] 

(a) 0.63 e   (b) 1.26 e   (c) 1.59 e   (d) 3.00 e 

47. The velocity of an electron in the ground state of a Hydrogen atom is 𝑣𝐻. If 𝑣𝑃 be the velocity 

of an electron in the ground state of positronium, then [TIFR – 2015] 

(a) 𝑣𝑃 = 𝑣𝐻 (b) 𝑣𝑃 = 2𝑣𝐻  (c) 𝑣𝑃 =
𝑣𝐻

2
   (d) 𝑣𝑃 = √2𝑣𝐻 

48. A sample of ordinary hydrogen ( 𝐻1
1 ) gas in a discharge tube was seen to emit the usual Balmer 

spectrum. On careful examination, however, it was found that the 𝐻𝛼  line in the spectrum was split 

into two fine lines, one an intense line at 656.28 nm, and the other a faint line at 656.04 nm. From 

this, one can conclude that the gas sample had a small impurity of 

 [TIFR – 2015] 

(a) 𝐻1
2    (b) 𝐻1

3    (c) 𝐻𝑒2
4   (d) 𝐻2𝑂 

49. The energy of an electron in the ground state of the 𝐻𝑒 atom is −79 𝑒𝑉. Considering the Bohr 

model of the atom, what would be 10 times the first ionization potential for a 𝐻𝑒+ ion, in units of 

eV?         [TIFR – 2017] 

50. Compared with the ionization potential of the Hydrogen atom, the ionization potential of the 

deuterium atom is              [B.H.U. - 2010] 

(a) lower by a factor of 2 (b) exactly same (c) slightly lower (d) slightly higher 

51. Bohr radius for Hydrogen is 0.53 Å. The ground state Bohr radius for He+ is  

         [B.H.U. - 2010] 

(a) 1.06 Å  (b) 0.53 Å  (c) 0.265 Å  (d) 0.134 Å 
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52. In the Hydrogen atom ground state, the velocity of electron in terms of fine structure constant 

𝛼 and velocity of light c is      [B.H.U. - 2010] 

(a) 𝛼2𝑐   (b) 𝛼𝑐  (c) 2𝛼𝑐  (d) 
𝛼2𝑐

4
 

53. The photon energy for light of wavelength 3.1 × 10−7 m is [ℎ𝑐 = 1.24 × 10−6 𝑒𝑉 − 𝑚] 

          [B.H.U. - 2010] 

(a) 3.1 eV  (b) 6.2 eV (c) 2.4 eV  (d) 4.0 eV 

54. Kinetic energy of an electron in an atom is     [B.H.U. - 2010] 

(a) half of its potential energy  (b) twice its potential energy 

(c) equal to its potential energy (d) thrice its potential energy 

55. If 𝑅𝐻 is the Rydberg constant for Hydrogen, the shortest wavelength of Balmer series in 

Hydrogen spectrum is given as      [B.H.U. - 2010] 

(a) 
1

𝜆
= 𝑅𝐻 (

1

4
−

1

9
)  (b) 

1

𝜆
= 𝑅𝐻 (

1

2
−

1

∞
)  (c) 

1

𝜆
= 𝑅𝐻 (

1

1
−

1

∞
)  (d) 

1

𝜆
= 𝑅𝐻 (

1

4
−

1

∞
) 

56. The energy required to remove both electrons from the Helium atom in its ground state is 7.90 

eV. How much energy is required to ionize Helium (i.e., to remove one electron)?  

          [B.H.U. - 2012] 

(a) 24.6 eV  (b) 39.5 eV (c) 51.8 eV  (d) 54.4 eV 

57. In the Hydrogen spectrum, the ratio of the wavelengths for Lyman-𝛼 radiation (𝑛 = 2 to 𝑛 =

1) to Balmer-𝛼 radiation (𝑛 = 3 to 𝑛 = 2) is    [B.H.U. - 2012] 

(a) 
5

48
   (b) 

5

27
  (c) 

1

3
   (d) 3 

58. The ‘positronium atom’ consists of an electron and a positron bound together by their mutual 

Coulomb attraction and moving about their center of mass, which is located halfway between 

them. Thus the ‘positronium atom’ is somewhat analogous to a hydrogen atom. The ground-state 

binging energy of hydrogen is 13.6 electron volts. What is the ground-state binding energy of 

positronium?          [B.H.U. - 2012] 

(a) (
1

2
)

2

× 13.6 eV (b) 
1

2
× 13.6 eV  (c) 13.6 eV  (d) 2 × 13.6 eV 
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59. The energy levels of the Hydrogen atom are given in terms of the principal quantum number 

𝑛 and a positive constant A by the expression     [B.H.U. - 2012] 

(a) 𝐴(1 − 𝑛)2  (b) 𝐴 (−
1

4
+

1

𝑛2) (c) 𝐴𝑛2  (d) −
𝐴

𝑛2 

60. The value of Rydberg constant      [B.H.U. - 2013] 

(a) decreases with increasing atomic number 

(b) increases with increasing atomic number 

(c) does not depend on atomic number 

(d) increases as square of atomic number 

61. The Rydberg constant for H - atom has the value in cm-1 as  [B.H.U. - 2013] 

(a) 109677.759  (b) 109707.387  (c) 109722.403  (d) 109728.84 

62. Paschen series in H - atom spectra is obtained as a result of transitions from level with principal 

quantum number n1 to the level with principal quantum number, n2  where  

(a) 𝑛1 =1; 𝑛2 = 2, 3, …  (b) 𝑛1 = 3; 𝑛2 = 4, 5, … [B.H.U. - 2013]  

(c) 𝑛1 =4; 𝑛2 = 5, 6, …   (d) 𝑛1 = 6; 𝑛2 = 7, 8, … 

63. The energy corresponding to shortest wavelength of Lyman series in the H-atom spectrum is 

          [B.H.U. - 2013] 

(a) −13.6 eV   (b) 13.6 eV  (c) 10.2 eV   (d) −10.2 eV 

64. The radius of the Bohr first circular orbit of Hydrogen atom is  [B.H.U. - 2013] 

(a) ~ 0.5 Å   (b) ~ 1.0 Å  (c) ~ 2.0 Å   (d) ~ 4.0 Å 

65. For the Rydberg constant R, which of the statement is true?  [B.H.U. - 2014] 

(a) It is a universal constant 

(b) It depends on atomic weight 

(c) It is independent of mass and charge of electron 

(d) It is independent of Planck constant 

66. The radius of the first Bohr orbit in H-atom is    [B.H.U. - 2014] 

(a) 1.06 Å   (b) 2.12 Å   (c) 0.53 Å   (d) 4.24 Å 
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67. Which of the following series of H-atom spectrum lies in the visible region? [B.H.U. - 2014] 

(a) Lyman   (b) Balmer   (c) Paschen   (d) Bracket 

68. In the hydrogen atom spectrum, the ratio of the longest wavelength in the Lyman series (final 

state 𝑛 =  1) to that in the Balmer series (final state 𝑛 =  2) is ___________  [IIT JAM - 2015] 

69. Given that the ground state energy of the Hydrogen atom is −13.6 eV, the ground state energy 

of positronium (which is a bound state of an electron and a position) is 

[CSIR-NET JUNE - 2011] 

(a) +6.8 eV             (b)  −6.8 eV                  (c)  −13.6 eV           (d)  −27.2 eV 

70. A muon (𝜇−) from cosmic rays is trapped by a proton to form a Hydrogen-like atom. Given 

that a muon is approximately 200 times heavier than an electron, the longest wavelength of the 

spectral line (in the analogue of the Lyman series) of such an atom will be     

         [CSIR-NET JUNE 2011] 

(a) 5.62 Å                   (b)  6. 67 Å              (c) 3.75 Å                  (d)  13.3 Å 

 


