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Meaning of Spectroscopy 

Interaction of electromagnetic radiation with matter yields that: 

energy is absorbed or emitted by matter in discrete quantities 

(quanta). 

 Measurement of the frequency or (wave length) of the absorbed or 

emitted radiation by the matter gives valuable information on the 

nature and constitution of matter. 

  The ways in which these measurements are made and the information 

which they yield constitute the practice of spectroscopy. 
 

 

The Electromagnetic Waves 

By definition, the propagation of mechanical 

disturbances—such as:  

sound waves, water waves, and waves on a 

string—requires the presence of a medium. 
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 In this lecture we are concerned with the 

properties of electromagnetic waves, which 

(unlike mechanical waves) can propagate 

through empty space. 

 

Plane Electromagnetic Waves 

To understand the prediction of electromagnetic 

waves more fully, let us focus our attention on 

an electromagnetic wave that travels in the: 

 x direction (the direction of propagation).  

In this wave,  

the electric field E is in the y direction, and  

the magnetic field B is in the z direction, 

 as shown in the Figure.  

Waves such as this one, in which the electric and magnetic fields 

are restricted to being parallel to a pair of perpendicular axes, are 

said to be 

 linearly polarized waves.  
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Furthermore, we assume that at any point in space, the magnitudes 

E and B of the fields depend upon x and t only, and not upon the y 

or z coordinate. 

                                                                                            

 

 

 

 

 

 

 

 

                              

 

 

 

The equations of the electric and magnetic fields are as follows: 
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In vacuum the speed of light for any E.M radiation is equal 

to : 

c= 3*108 m.s-1 

In a transparent medium the velocity (c') is less than (c). 

This reduction is related to the refractive index of  medium 

by: 

Refractive index of the medium(n) 

 =(velocity in vacuum / velocity in  medium )  = c/c' 

                                        so :  c'=c/n  

  As the radiation enters a region of higher ref. index, 

the wavelength is reduced, the frequency remains 

constant. 
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 Ref. index of air is ~ 1.0028 for visible light, the effect 

on λ due to air maybe ignored except for high accuracy 

work. 

 

Example  An Electromagnetic Wave 
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The various types of electromagnetic waves are listed 

in the Figure, which shows the electromagnetic 

spectrum.  

Note the wide ranges of frequencies and wavelengths.  

No sharp dividing point exists between one type of 

wave and the next. The names given to the types of 

waves are simply for convenience in describing the 

region of the spectrum in which they lie. 
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Radio waves, whose wavelengths range from more than 

10
4
 m to about 0.1 m, are the result of charges 

accelerating through conducting wires. They are generated 

by such electronic devices as LC oscillators and are used 

in radio and television communication systems. 

Microwaves have wavelengths ranging from 

approximately 0.3 m to 10
-4

 m and are also generated by 

electronic devices. Because of their short wavelengths, 

they are well suited for radar systems. Microwave ovens 

are an interesting domestic application of these waves.   

Infrared waves have wavelengths ranging from 

approximately 10
-3

 m to the longest wavelength of visible 

light, 7 x 10
-7

 m. These waves, produced by molecules 

and room-temperature objects, are readily absorbed by 

most materials.  

The infrared (IR) energy absorbed by a substance appears 

as internal energy because the energy agitates 

the atoms of the object, increasing their vibrational or 

translational motion, which results in a temperature 

increase. Infrared radiation has practical and scientific 

applications in many areas, including physical therapy, IR 

photography, and vibrational spectroscopy. 
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Visible light, the most familiar form of electromagnetic 

waves, is the part of the electromagnetic spectrum that the 

human eye can detect. Light is produced  by the 

 Rearrangement of  electrons in atoms and molecules. The 

various wavelengths of visible  

 

Ultraviolet waves cover wavelengths ranging from approximately 4 x 10
-7

 m 

to 6 x 10
-10

 m. The Sun is an important source of ultraviolet (UV) light, which is 

the main cause of sunburn. Sunscreen lotions are transparent to visible light 

but absorb most UV light. 

X-rays have wavelengths in the range from approximately 10
-8

 m to 10
-12

 

m. The most common source of x-rays is the stopping of high-energy 

electrons upon bombarding a metal target. X-rays are used as a 

diagnostic tool in medicine and as a treatment for certain forms of cancer.  

Because x-rays damage or destroy living tissues and organisms, care must 

be taken to avoid unnecessary exposure or overexposure. 

Gamma rays are electromagnetic waves emitted by radioactive nuclei 

(such as 60Co and 137Cs) and during certain nuclear reactions. High-

energy gamma rays are a component of cosmic rays that enter the Earth’s 

atmosphere from space. They have wavelengths ranging from 

approximately 10
-10

 m to less than 10
-14

 m.  

They are highly penetrating and produce serious damage when absorbed 

by living tissues. 
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 The energy of aquantum of light depends on its freq. 

       E = h*f  = h * υ                           h= planck's constant = 

6.63*10-34 J.s 

E  in joules    &   f   in   Hz = s-1  
 

E (joule)  = hc/ λ      = (6.63*10-34   *3*108)  / λ  (joules) 
 

But:  1 ev  = 1.6*10-19   J 
 

So :   E  in  (ev ) =   (6.63*10-34  *  3*108) /( λ * 1.6 *10-19)  

ev  

                            =(1.243*10-6 )/ λ   ev 
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Units    

Velocity of light  c = 3*108 ms-1  

Frequency = cycles per sec (cps) or  Hz  

Since frequency used lie  in the range   (1010  --  1020 ) Hz   

Frequency usually expressed as wave number   

wave number  (cm-1) = 1/ λ (cm)  = f (Hz)/c(=3x1010  cm/s) 

 

freq &  wave number units have two advantages over 

wavelength units  

1) They are both independent of the medium.  

2) They are both directly proportional to the photon energy 
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Multiplication factor name symbol 

 

1012 

109 

106 

103 

10-2 

10-3 

10-6 

10-9 

10-12 

10-15 

10-18 

 

Tera 

Giga 

Mega 

Kilo 

Centi 

Milli 

Micro 

Nano 

Pico 

Femto 

atto 
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Basics of spectroscopy  

Any spectroscopic system consists essentially  of 3 basic elements: 

                                                                                                                           

                                                                                                       

                                                                                                          λ2                               λ2 

                                                                        

                                                                                                                             

 

Continuous radiation : radiation consisting of a wide range of frequencies or wavelengths  

Monochromatic radiation :  (one colour)- radiation consisting of a narrow range of 

frequencies or wavelengths . 

Source : Source of radiation under investigation . 

 

 

Disperser : spreads or separates the light out spatially into its constituent wavelengths   

                      (or spectrum) 

Detector : records the incident intensity of the separated monochromatic radiation as a    

function of position (ie  wavelengths).  

 

In practice , the disperser is scanned , and 

 the  o/p  signal from the detector is fed directly to the  y – axis of a chart recorder  (or pc) ,  

and the wavelength  signal is derived from the scanning disperser & fed to the x-axis of a chart 

recorder  (or pc). 

source disperser      detector 

 λ1 +  λ2+ λ3 
 λ1 

 

 λ3 
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Such system gives  a direct plot of radiation  intensity versus wavelength. 

 

 

                                                                                                             

                                                                                                

 

                                                                                                                

                                                                                                                                                                                                                        

 

 

 

 

                                                  

 

                                                                                                                                                                                                                                                                                   

The Nature &  Propagation of Light 

   Light was thought to consist of a stream of some sort of particles or corpuscles emitting from a 

light source (the middle of the seventeenth century), (Newton and others). 

Huygens proposed that light is wave phenomena, (1678). 

In the 19th century evidence of the wave theory of light grew up. 

Fresnel and young experiments on interference and diffraction supported the wave theory. 

 

Existence of electromagnetic waves   Hertz 

I 

λ1                      λ2 

 x-y recorder 

 

Source Disperser 

(monochromator

)or) 

Detector 

λ1  λ2 
λ1 

λ2 
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                                              Figure (2): Electromagnetic waves. 

 

Light is an electromagnetic wave    Maxwell (speed of propagation in 1873). 

 

Classical electromagnetic theory failed to explain several phenomena associated 

with absorption and emission of light. 

Example 

     Photoelectric emission (ejection of electrons when a light incidented on a conductor).  

photoelectric effect:   by Hertz 1887 

Which is a Liberation of electrons from the surface of a conductor when light strikes the surface. 

Also x-ray production   greater frequency than visible light & λ~1-20 A°. 

 

All these led to     quantum theory of radiation called photons or quanta. 
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In 1905 Einstein extended Planck’s idea that the energy in a light beam was 

concentrated in packets or photons. 

 

The wave nature was retained that this photon is still has frequency, and its energy is proportional 

to the frequency    

 

So, Propagation of light      waves. 

Interaction of light with water      corpuscles (particles). 

i.e, Dual nature of E.M. radiation. 

 

Sources of light 

    All bodies emit electromagnetic radiation due to their molecules thermal motion (thermal 

radiation) 

This radiation is a mixture of different wavelengths. 

At 300°C  the most intense of these waves is 5000 nm or 50000 Ǻ (infrared region). 

At 800°C     the body emits visible (red hot). 

At 3000°C   the body appears white  (emits 4000-7000 Ǻ). 

Examples: 

1- (the tungsten lamp filament) Argon gas introduced to reduce evaporation of 

filament. 

 

2- Carbon arc (very intense). 

Two Carbon rods 10-20 cm long, 1 cm dia connected to 110-220 V dc, 

touched together momentarily and pulled apart few millimeters causes 

intense light due to electron bombardment of the positive rod (temperature 

4000°C). 
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3- Arc discharge in a metal vapor (Na, Hg). 

4- Fluorescent light (a glass tube with argon and droplet of mercury (Hg)). 

 

The amount of U.V. is absorbed by thin layer of phosphor (while coating on 

the glass wall). 

 

5- LASER (narrow beam, monochromatic, very intense, many applications). 

 

 

 Absorption & Emission of light 
Absorption 

   No material is perfectly transparent. When light passing a medium, it partially absorbed 

increasing the internal energy in the material. The intensity (power per unit area) is 

correspondingly attended. When a beam of light of intensity (I) passes through a sheet of thickness 

(dx), the decrease dI in intensity is proportional to the initial intensity and thickness. 

 

Figure 1): Transparent medium. 
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Example 

 5%,what is the value of x ?
 

 

  

 

 

 

Absorption spectroscopy: 

Absorption spectrum of a sample is the amount of radiation absorbed at each wavelength as a 

function of wavelength. 
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The apparatus required to produce such a spectrum is common to all regions of the spectrum, 

although the nature of components will vary for the different regions of the spectrum. 

Percentage Absorption = 100*

o
I

)
t

I
o

(I 
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b
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Wavelength λ 

Absorption Spectrum 

Percentage Transmission = 100*

o
I

t
I

 

 

Incident 

intensity (Io) 

of radiation of 

wavelength (λ)  

Sample 
Transmitted 

Intensity (It) 



UNIVERSITY OF TECHNOLOGY                                                                                              LEC.(2)                                                                                                                                                                                                                                                                                                                                                             

Laser & Opto-Electronic Eng. Dept.                                                                                                                                                                                                                             
 2017 -2018 

 

 DR .FAREED F. RASHID 8 
 

 

 

 

 Emission spectroscopy:-  

The emission spectrum of a sample is a display of the intensity of radiation at each 

wavelength. 

*In emission spectroscopy the sample acts as the radiation source. 

*The sample must be excited to emit radiation; e.g. gaseous samples may be excited by an 

electrical discharge. 

 

*(Sample may be inserted 

before the disperser but this 

may heat it!) 

Range of wavelengths 

          λ1 to λ2 

Continuous 

Radiation 

Source  

Disperser 

Sample 

Detector It 

λ 

Io monochromatic 
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Emission of line spectra   light emitted from atoms heated in flame or excited electrically 

such as neon tubes     Contains lines not continuous wavelength     can be resolved by 

spectrometer (prism, diffraction grating, …). 

 

 

Thermionic emission   discovered by Edison (1883) 

 (2): fluorescent light. 

 

 

-Connected to (+ve)       deflection occurs.  

Due to escape of electrons from hot filament. 

 

-Connected to (-ve)       no deflection. 

 

Sample 
Disperser  

Detector 

λ 

I 
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*Minimum energy required to escape from the surface is the work function, which 

varies for different materials. 

Work function ~ few e.v. 
 

 

 

 

                                                        

  

 

 

 

Example 

  A particle having charge of 2e moves between 2 points of potential difference 1000 v, find P.E. in J 

and e.v.? 

Solution: 

 
 

 
 

At room temperature, no electrons escape. 
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The Photoelectric Effect 

  If a metal is illuminated by light of short λ, electrons can have enough energy to escape from a 

metal surface even at law temperature (this is P.E. effect). 

 

Figure (3): Photocell circuit. 

The battery causes the electric field in the direction from (A) (Anode or collector) to (K) (cathode), 

and (e) (electron) emitted from (K) and went to (A). 

 

(A) and (K) are enclosed in an evacuated container, photoelectric current is measured by the 

Galvanometer (G). 

 

For a given cathode material (called emitter) there is minium frequency of light incidented on it to 

emit electrons called Threshold frequency which is for metals mostly in U.V., (λemit 200-300 nm) 

but for Potassium and Cesium oxide it is (400-700 nm). 

To stop electrons, polarity reversed and potential energy e.v.< k.E. of electrons ( ). 

 

To make direct measurement of k.E. of electron: 
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This electrical reversed potential is called stopping potential (V0). 

To make direct measurement of k.E. of electrons: 

 

Explanation 

   By Einstein light quanta (photons) has energy  

 

 

So the photon when hits a metal surface will give energy to the electron, so it will escape from the 

surface. 

In leaving the surface, the (e) losses energy (φ) (the work function of the surface). 

 

Combining with equation (1), get: 

 

 

 

 

Example 

   If stopping potential is 3V for light wavelength 300nm, 2V for 400 nm and 1V for 600 nm 

determine the work function for this material and find the value of Planck's constant? 

Solution: 

  According to equation (3): 
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Using  

*The energy of photon   

 

 

 

 

                              Figure (4): Stopping potential curve. 
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Line Spectra 

 

 The visible light spectrum. 

White light     continuous spectrum (all wavelengths present). 

Discharge in gas      few colors appear. (Isolated lines). 

This is a line spectrum. 

Example 

Discharge in : 

Hydrogen  

Sodium 

Iron 

Energy Levels 

   Every element has a characteristic line spectrum        result from the 

structure of atoms of the element.  
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Figure (6): Atomic structure. 

 

 Bohr model of the atom: 

The spectrum of H-atoms is explained by Bohr using 3 basic postulates: 

1. The electron in H-atom can rotate about the nucleus in certain fixed orbit of 

radius (r), where orbital angular momentum L is a multiple of )(
2




h
i.e.  Angular 

momentum is quantized. 

                     L=  Iw   =     mvr    = n      = 
2

nh  

                     n = integer 1,2,3,4,……………   

m = mass of the electron 

v = linear velocity 
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2. The electron in the stationary orbit (or state) does not emit electromagnetic 

radiation. 

3. Radiation emitted or absorbed,  When an electron undergoes a transition from one 

orbit to another, the energy of absorbed or emitted light photon is:  

hEEE  21

 
Now to derive the energy equation in order to understand the energy levels: 

The electrostatic force = The centripetal force 

 

 

Kq1q2 /r2  =   mv2/r 

Hence:  

 r = kze2/mv2     …………… (1) 

Angular momentum           L =Iω = nħ ……………..  (2) 

Since  I = mr2         ,             ω = v/r 

 

 

E1 

E2 

E3 

E4 

n=1 

n=2 

 n=3 

n=4 

 

e P 
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This can be derived as follows: 

θ = s/r 

dθ = ds/r 

dθ/dt = (1/r)  ds/dt 

Hence:      ω = v/r 

So: 

mr2v/r = nħ 

v =nħ/mr     ……….(3) 

Substitute (3) into (1), get: 

r = n2ħ2 / kze2 m         …………..(4) 

Substitute (4) into (3): 

V = (nħ/m) (kze2m/ n2ħ2) 

V =kze2/nħ    ……………….(5) 

Total energy: 

Et = Ek +Ep 

    = 1/2mv2+Ep 

Work done   W =  ∫Fdr 

                          = ∫(kze2/r2)dr 

                                                rb 

                        = kze2  [(1/r)] 

                                          
r
a 

 

 S 

r 
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                               = -kze2/rb   +  kze2/ra  

If  rb=r   ,    ra = ∞ 

So : 

W = -kze2/r =Ep       ………………………….(6) 

So: 

Et = 1/2mv2 + (- kze2 /r) 

Substitute for the value of (v) from (5) : 

 Et = - mz2e4k2/2n2
ħ2  

The negative sign is due to the connection between the nucleus and the 

electron.  

 

For hydrogen atom       

  z =1 

         [(-9.1x10-31 ) x (1.6x10-19)4 x (9x109)2   

Et = 
              2 x (6.63xx10-34 /6.28)2 n2 

    = -2179.6 x 10-21 / n2   Joule 

 

Hence: 

 Et = -13.6/n2     ev  

(Dividing by the charge of the electron). 
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Now according to Bohr theory: 

n=1            E1 = -13.6ev 

n=2            E2 = -13.6/4 = - 3.4 ev 

n=3            E3 = -1.51 ev 

n=∞            E∞ = 0  

                                           

 

 

 

Now to calculate (λ) for the spectrum of the H-atom  

E=hυ = hc/λ  

 λ =hc/E 

 

1st orbit            For transition  1           ∞ 
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      λ (∞-1) = (6.63x10-34 x3x108) / (13.6x1.6x10-19) = 914x10-10m 

                                                                                 = 91.4nm (u.v region) 

For line 2            1   

                 E=13.6-3.4=10.2ev. 

So    λ2       1  = (6.63x10-34 x3x108) / (10.2x1.6x10-19) = 121.8nm  (u.v) 

 

2nd orbit 

λ (∞-2) = (6.63x10-34 x3x108) / (3.4x1.6x10-19) = 365.6nm (u.v region) 

λ (3-2) = (6.63x10-34 x3x108) / (1.9x1.6x10-19) = 654.2nm (visible) 

                                                (3.4-1.5) 

Finding Line Wavelength (or Frequency) 

Balmer Series 

 
 

R Rydberg constant. 

n  

R  

 wavelength in m. 

 

If    
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   =1.524x106 m-1 

 
 

If   

For  

 
 

Other Series 

Lyman, Paschen, Brackett and Pfund 

-Lyman:    

-Paschen:  

 

-Brackett:  

 

-Pfund  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lyman series wavelengths     ALL U.V 

Balmer series wavelengths    U.V + Visible 

Paschen 

Bracket               All  I.R 

Pfund          


