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UNIT- I Spectra of Atom 
Spectrum of Hydrogen atom and spectral series, Observation of Hydrogen spectrum, Failure of 
ÅÌÅÃÔÒÏÍÁÇÎÅÔÉÃ ÔÈÅÏÒÙ ÏÆ ÒÁÄÉÁÔÉÏÎȟ "ÏÈÒȭÓ ÔÈÅÏÒÙ ÁÎÄ ÓÐÅÃÔÒÕÍ ÏÆ (ÙÄÒÏÇÅÎ ÁÔÏÍȟ &ÒÁÎÃË-Hertz 
Experiment, short ÃÏÍÉÎÇ ÏÆ "ÏÈÒȭÓ ÔÈÅÏÒÙȟ ,ÁÒÍÏÒȭÓ ÔÈÅÏÒÅÍȟ 3ÔÅÒÎ-Gerlach Experiment, Fine structure 
of Hydrogen lines, Positronium, Different series in Alkali spectra: main features, Ritz combination 
principle, explanation of salient features of Alkali spectra, Related Numerical. 

UNIT- II Spectra of Molecule 
Separation of Electronic and Nuclear Motion: The Born-Oppenheimer approximation, Types of 
molecular energy states and associated spectra, Types of spectra, Salient features of rotational spectra, 
The molecule as a rigid rotator: Explanation of rotational spectra (Rotational energy only), Diatomic 
molecule as a Non-rigid rotator, Validity of the theory: Determination of the inter-nuclear distance 
(Bond length) and moment of inertia, Isotope effect in rotational spectra, Rotational spectra of 
polyatomic molecules, Related Numerical. 

UNIT- III Inf rared Spectroscopy 
Salient features of vibrational  - Rotational spectra, Vibrating diatomic molecule as a harmonic oscillator, 
Vibrating diatomic molecule as an harmonic oscillator(without force content for HCl molecule), 
Molecule as a vibrating rotator: fine structure of Infra red bands: Ignoring interaction of vibrational  and 
rotational energies, Molecule as a vibrating rotator: fine structure of Infra red bands: considering 
interaction of vibrational  and rotational energies, Applications of vibrational  spectroscopy, General 
experimental arrangement for studying infra red spectra, Related Numerical 

UNIT-IV Raman Spectra 
Raman Effect and its salient features, experimental study, Apparatus, Result, Raman effect in liquids, 
Raman effect in gases, Raman effect in solids, Intensity of Raman lines, Polarization of Raman lines, 
Nature of Raman Effect, Relation between the Raman and infra red absorption spectra, Importance of 
Raman effect, Applications of Raman Effect in Physics: Molecular structure, Nature of liquid state, Crystal 
Physics, Nuclear Physics, Classical theory of Raman Effect, Quantum theory of Raman Effect, Related 
Numerical. 
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UNIT- I SPECTRA OF ATOM 
SPECTRUM OF HYDROGEN ATOM AND SPECTRAL SERIES:  
        To study the spectrum of hydrogen, an electric discharge is maintained in hydrogen. 
When the intensity of the current is low, a very complicated spectrum is observed. 
It contains a few brilliant lines forming a series superimposed on a large number of weaker 
lines. The few brilliant and well ordered lines are attributed to atomic hydrogen and 
weaker ones to the hydrogen molecule for the hydrogen atom is the simplest one and it 
should therefore, emit the simplest spectrum. The weaker lines are attributed to molecular 
hydrogen because under normal circumstances hydrogen exists in the molecular state and 
when electric discharge is maintained, some molecules dissociate and the resultant atoms 
give rise to simplest spectral lines. The above argument is confirmed by the fact that as the 
intensity of the current is raised, the brilliant lines gain in intensity while weaker ones 
disappear. Previously, atomic hydrogen showed only four lines but at the time of Balmer, it 
showed nine lines forming a series. The photographic investigation showed that the series 
is extended convergence limit in the ultraviolet region. The separation and intensity of 
spectral lines decrease towards the violet end (shorter wavelength side) of the spectrum. 
The convergence limit of  a series is now known to correspond to ionization of the atom. 
The first line of the series, known as Balmer series (after the name of Balmer), has the 
wavelength 6562-80A. After keeping constant watch on the regularity of the spectral lines.  
Balmer gave an empirical relation for the wavelength of the spectral lines which reads as 
follows: 
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 WÈÅÒÅ ʇ is the wavelength of a line for a definite value of n defined by n=3, 4, 5, 6...and b is 
a constant the value of which is equal to 3645.6 B. Balmer declared that in this series no 
line of longer wavelength than Hɻ (first  line of Balmer series) would be found and the series 

should converge at ʇ= 3645.6 B, since the term 
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large.  
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Figure: 1, Lines of Balmer series 
                   
Figure-1 depicts the first few lines of Balmer series. The lines in successive order 
are known as Hɻ, Hɼ, Hɾ, Hɿ..... and so on. The figure-1 also indicates the fact that intensity 
and separation of spectral lines diminish towards the converging limit. Balmer compared 
the predictions of his relation with the best available experimental values for wavelengths 
of spectral lines. The wavelengths of four lines in the visible region (as measured by 



 

Angstrom) and five lines in ultra violet region 9measured by Huggins) confirmed the 
accuracy of this relation with the discrepancy of 1 part in 1000.  
 "ÁÌÍÅÒȭÓ ÅÍÐÉÒÉÃÁÌ ÒÅÌÁÔÉÏÎ ÁÆÔÅÒ 2ÙÄÂÅÒÇȭÓ ÃÏÎÔÒÉÂÕÔÉÏÎ ÉÓ ÍÏÄÉÆÉÅÄ ÁÓ 
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ʉ  is the wave number and R is a constant computed so that formula represents the 
ÏÂÓÅÒÖÅÄ ÆÒÅÑÕÅÎÃÉÅÓ ÁÎÄ ÉÓ ÃÁÌÌÅÄ ÔÈÅ Ȱ2ÙÄÂÅÒÇ ÃÏÎÓÔÁÎÔȱ ÁÆÔÅÒ ÔÈÅ ÎÁÍÅ ÏÆ ÔÈÅ 3×ÅÄÉÓÈ 
spectroscopist. 
 

 [The above equation 2 is the result of the contribution done by Rydberg in the formulation of series 
relation.  The equation 1 can be deduce from equation 2 by writing 2 as  
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 The figure indicates the accuracy of spectroscopic measurements. In equation-2, n 
assumes values greater than 2, i.e. 3,4,5,6,...,Њ for Hɻ, Hɼ, Hɾ, HɿȟȣȢ lines. Later on relation 
(2)  got its generalization, which now runs as follows: 
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 The beauty of the equation-3 is that it not only gave the wave number of Balmer 
lines but also predicted the wave number of other lines which were later observed. 

With the condition that n2 assumes values greater than n1 and n1 takes a definite 
value for a definite series starting from one and ending at five for entire hydrogen 
spectrum. Now due to the development of more refined techniques, the following five 
series have been observed in the spectrum of atomic hydrogen:  

 
1. Lyman series: In the year 1906, Lyman discovered a series similar to Balmer 

series in the extreme ultraviolet region of the spectrum. The series is represented by the 
relation written  below: 
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With n=2, 3, 4.... i.e., by replacing n1 by 1 and n2 by the integral number greater than one. 
The first line of Lyman series has the wavelength 1215.7 Å and the convergence limit of 
this series is’Ӷ= Ὑȟ ʇ= 917.4 Å. The extreme ultraviolet region extends from 4 Å to 
nearly 1000 Å. But the region in which lines of Lyman series have been observed ranges 
from 500 Å to 1000 Å. It is to be noted that in the ultraviolet region Lyman series is the only 
one series observed and studied so far. 
 

2. Balmer series: As mentioned before, this series marked the beginning of spectroscopy. 

The lines of this series are most easily observable and lie in the visible region of the 

spectrum. The lines in the visible part are photographed by any spectrograph and lines 

falling near ultraviolet are photographed with quartz spectrograph. The Balmer formula 

gives the wave number (or wavelength) of any line of this series. The series starts with the 

line of wavelength 6562.8Å and converges at the line of wavelengths ʇ  
4

Ὑ
 (3645.6 B). The 

Balmer relation, here, we rewrite for the sake of symmetry: 
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With n=3, 4, 5... Њ. 

Here n of relation (3) has been replaced by 2 and n2 by n which assumes values greater 

than 2. 

 

3. Paschen series: The series lies in the infrared region of the spectra. The following relation 

determines the wave number of different lines depending upon the possible values of ὲ. 
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Where n=4, 5, 6... Њ. 

              

The wavelength of the first line of this series is 18751 Å and converges at the line 

with wavelength ʇ = 
9

Ὑ
 (8256.6 Å). The lines of this series were observed after the 

prediction of their  existence in the infrared region. 

 

4. Brackett series: This series was observed when it was first predicted theoretically. It 

exists in the infra red region of theoretically. It exists in Infra red region of the spectra. The 

wave numbers of different lines are expressible by the relation  
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With n= 5, 6...Њ.  

 

        The series has the convergence limit at the line with wavelength ʇ = 
16

Ὑ
 (14678.4 Å) 

and the wavelength of first line is 40500 Å. 

 

5.  Pfund series: The linÅÓ ÏÆ ÔÈÉÓ ÓÅÒÉÅÓ ÒÅÓÔ ÉÎ ÔÈÅ ÆÁÒ ÉÎÆÒÁ ÒÅÄ ÒÅÇÉÏÎ ÏÆ ÔÈÅ ÓÐÅÃÔÒÕÍ ςυʈ 

to 0.4 mm). The wave number of any line of this series can be computed from the relation. 
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With n=  6, 7...Њ 

The first line of the series has the wavelength 74000 B ÁÎÄ ÓÅÒÉÅÓ ÃÏÎÖÅÒÇÅÓ ÁÔ ʇ = 
25
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(22935.0 B).  

          It is to be noted that Brackett series overlaps the Paschen and Pfund series. 
 

6.  Humphry series: This series is observed in far infra red regioÎ ÏÆ ÔÈÅ ÓÐÅÃÔÒÕÍ ςυʈ to 

0.4 mm). The wave number of a line of this series is given by 
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Where n=  7, 8...Њ 



 

The first line of the series has the wavelength 12360 B ÁÎÄ ÓÅÒÉÅÓ ÃÏÎÖÅÒÇÅÓ ÁÔ ʇ = 
36
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(32816.8 B).  

           

OBSERVATION OF HYDROGEN SPECTRUM:  

The Lyman series is not observed in the quartz spectrograph, inspite of the fact that 

quartz transmits ultraviolet light down to  2000 B due to the reasons:  

( i) Quartz becomes opaque and must be replaced by one of the rare crystals 

(fluorite) which transmits light of still shorter wavelengths.  

( ii ) Ordinary photographic plates do not respond due to the fact that gelatin absorbs 

so strongly that it does not penetrate into emulsion.  

( iii ) Air becomes opaque demanding the evacuation of whole apparatus. But as we 

know that Lyman series lies beyond the limit of fluorite; therefore 

Lyman used concave gratings which depend upon the reflection power of the 

material on which ruling is done rather than on the transparency of the 

substance.  

             A noteworthy point in the investigation of infrared spectrum is that glass prism is 

opaque in this region and must be replaced by rock salt prism or a grating. In this region 

photographic plates also fail completely in receiving the radiation and in place of 

photographic plate bolometer or thermocouple is used.  

 

FAILURE OF ELECTROMAGNETIC THEORY OF RADIATION: 

               In the field of practical spectroscopy the work done by Balmer, Rydberg and others 

was very iniquitous but the entire work was empirical in nature and therefore provided ne 

information about the nature of the mechanism in the atom responsible for the emission of 

spectral lines of characteristic frequencies. After practical findings the next attempt was to 

study the nature of the mechanism involve. Now since the work of Hertz and Maxwell gave 

rise to electromagnetic theory of radiation and this theory successfully explained a number 

of facts about the radiant energy, so the first step was to apply the electromagnetic theory 

to explain the, origin of the spectral lines. In this theory the atom is supposed to be an 

antenna of very small dimensions just like the antenna of radio transmitter. The atomic 

antenna radiates the energy of high frequency and such emission may be considered 

identical with emission in the spectra only in some respects. We know that a transmitting 

antenna made of a straight piece of wire has a fundamental frequency of vibration and a 

series of harmonics of higher frequency. But this series cannot be compared to the series 

spectrum of hydrogen because the higher antenna harmonics are the multiples of the 

fundamental frequency. Hence the series of harmonics does not show the convergence 

limit, the characteristic of hydrogen spectrum observed. Furthermore, the atomic antenna 

radiates only one series of spectral lines while five series are observed in hydrogen 

spectrum.  



 

        The next attempt is to modify the transmitter concept of atomic radiator as was done, 

taking into consideration the atom model due to Rutherford in which it is assumed that an 

electron revolved round the hydrogen nucleus. Now taking the analogy from planetary 

motion, it is argued that electrons will continue to revolve in circular or elliptic orbits. The 

energy given to the system by the discharge process by the impact of free electrons throws 

the atomic electron into a distant orbit which we assume circular in shape for the sake of 

convenience. Had the revolving electron of the atomic hydrogen been exactly identical to 

the planet revolving round the sun, it would have had a definite frequency of revolution. 

But the electron is a charged particle, so it behaves differently compared to a planet (planet 

is a neutral body). The electron loses energy continuously at a rate given by 

electromagnetic theory and, as the time passes on, its energy will decrease and it will come 

closer to nucleus, increasing thereby its frequency of revolution. Finally, the electron will 

merge into the nucleus and the atom will lose its stable configuration. If the merging of the 

electron into the nucleus somehow or the other is checked, even then the electron will 

radiate energy of continuously increasing frequencies. The result of this will be the 

continuous spectrum of hydrogen atom and not the well defined and sharp lines; as are 

actually observed. The prediction based on electromagnetic theory thus contradicts the 

observed facts and justifies its failure to explain the hydrogen spectrum.  

          It is important to note that, here three pillars of classical physics-namely. Newton's 

laws motion Coulomb's law of electric force and electromagnetic theory is employed in 

order to explain the spectrum of H-atom. But the results the emission of continuous 

spectrum and spiraling of electron into the nucleus are against the observed fact of discrete 

H spectrum and stability of atom. 

 This contradiction only means the laws of physics that are valid in macroscopic 

world do not hold well  in microscopic world of atom. The classical theory fails in world of 

the atomic and subatomic dimensions because it deals with the systems in terms of the 

abstract concept of Ȭpure particlesȭ and Ȭpure wavesȭ. But in microscopic world the particles 

and waves manifest their dual character and this dual character becomes imperceptible in 

ÍÁÃÒÏÓÃÏÐÉÃ ×ÏÒÌÄ ÏÎ ÁÃÃÏÕÎÔ ÏÆ ÓÍÁÌÌÎÅÓÓ ÏÆ 0ÌÁÎËȭÓ ÃÏÎÓÔÁÎÔȢ 

 The laws of Physics when applied to explain the stability of the atoms and spectrum 

gives wrong results and the same laws when applied to Rutherford scattering give the 

famous Rutherford formula. But the quantum mechanical analysis of alpha particle 

scattering from thin foils coincidently yields exactly the same result. To understand this, let 

us estimate the de-Broglie wavelength of alpha particle whose speed is 2x 107 m/sec.  
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6.63× 10 34

6.6× 10 27 ×  2×107 = 5 × 10 15ά  

 

              The distance of closest approach in the case of gold foil is 30x 10-15 m which is six 

time of de-Broglie wavelengths. Hence, it is reasonable to regard the a-particle as classical 

particle in Rutherford. 




