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XII PHYSICS 

THE ATOMIC SPECTRA (Chapter #18) 
X-RAYS 

 “X-rays are the electromagnetic waves having 

wavelength from 0.1 to 1 nm with high frequency 

and high energy.” 

 

In 1895 William Roentgen discovered x-rays and 

these rays are also called Roentgen rays. 

 

EMISSION OF X-RAYS: 

X-rays are obtained when a heavy element is 

bombarded by high energetic electrons. X-rays can 

be produced in coolidge tube. This is a vacuum 

glass tube, at one end of it Tungsten filament is 

used to produce electrons and at the other end a 

piece of a heavy element is used as anode. High 

potential difference is applied about 20 – 200 keV. 

Due to thermionic emission electrons emitted from 

cathode filament and due to high potential 

difference accelerated toward anode. When 

electron reach to heavy metal anode then due to 

strong coulomb repulsive force electron 

decelerates and x-rays are produced. 

 

X-RAYS SPECTRUM: 

CONTINOUS SPECTRUM: 

When high energetic electron approaches to the 

target atom then due to retardation continues 

spectrum of x-ray is produced which is also called 

Bremsstrahlung spectrum. 

 

 

CHARACTERISTIC SPECTRUM: 

In x-rays spectrum there are certain discrete lines 

which are called characteristic spectrum of x-rays. 

These lines are obtained because some of the 

electron penetrates deep inside the nucleus at 

where it knocks out electron from the shell leaving 

behind a hole or vacancy. To fill this vacancy 

immediately an electron from higher energy level 

jumps to this level. This quantization energy 

appears as a line in the spectrum. For this reason, 

if electron jumps from L to K shell then the line is 

represented by 𝐾𝛼 and if it jumps to M to K shell 

then 𝐾𝛽 and so on similarly for the other shells. 

 

PROPERTIES OF X-RAYS: 

➢ X-rays has frequency greater than ultraviolet 

rays. 

➢ X-rays are electromagnetic waves with speed 

equal to the speed of light. 

➢ X-rays are not affected by electric or magnetic 

fields. 

➢ There penetration power is more than light. 

➢ They affect photographic plate. 

➢ They produce florescence in certain chemicals. 

 

APPLICATIONS 

X-rays are widely used in different fields 

1. They are used to take photographs of bones in a 

human body. 

2. Dentists used x-rays to study the defects of 

teeth. 

3. Intense beam of x-rays is used to destroy the 

cancer cells. 

4. X-rays are used to detect the defects in pipes 

and sheets. 

5. X-rays are used for checking any minor defects 

in metal 

6. X-rays are used to study the crystal structure of 

different substances. 

 

LASER 

Laser is the arrangement by which monochromatic 

and coherent light is produced. Laser is the 

abbreviation of “LIGHT AMPLIFICATION 
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BY STIMULATED EMISSION OF 

RADIATION.” 

 

CHARACTERISTICS: 

Laser light is quite different from ordinary light 

because of the following characteristics. 

 

1. Laser light is highly focused. 

2. Laser light is unidirectional. 

3. Laser light is monochromatic. 

4. Laser light is intense and coherent. 

 

CONDITIONS: 

For the production of laser light following 

conditions must be satisfied. 

 

1. Excitation 

2. Metastable state 

3. Population inversion 

4. Stimulated emission 

5. Resonance 

 

TYPES OF LASER: 

Laser light is of different type: 

1. Solid state laser 

2. Gas laser 

3. Liquid laser 

 

PRINCIPLE AND WORKING: 

Almost all types of lasers operate on the same 

principle. To understand the operation of laser 

three states in an atom are used i.e. ground state, 

excited state and metastable state. 

 

 
 

Electrons from ground state 𝐸1 are excited to 

excited state 𝐸3, whose lifetime is 10−8s, from 

where they jump to metastable state 𝐸2. 

Metastable state whose life time is greater than the 

excited state approximately equal to 10−3s. Due to 

continuous excitation, number of electrons at 

ground state will become less than the metastable 

state. This process is called population inversion. 

 

Now if the photon of specific frequency is 

triggered then electron from 𝐸2 jumps to 𝐸1 and 

emit a photon of same frequency and phase. This 

process is called stimulated emission. By using 

two or more than two highly polished mirror these 

photons are resonated in a cavity to achieve 

amplification. In this way, intense, unidirectional, 

monochromatic laser light is produced. 

 

Ruby laser is an example of solid state laser. 

 

CONSTRUCTION: 

Ruby is the crystal of 𝐴𝑙2𝑂3 which is taken in the 

form of thin tube. one end of which is completely 

polished and other is partially polished. Few 𝐴𝑙 
atoms are changed with 𝐶𝑟+3  ions. A helical 

shape Xenon flash lamp is wound around the ruby 

tube. 

 

 
 

OPERATION: 

Due to the light flashes of Xenon lamp 𝐶𝑟+3 ions 

are excited from ground state 𝐸1 to excited state 𝐸3 

and from there to the metastable state 𝐸2. After 

some time population inversion is achieved and 

due to transition from metastable state to the 

ground state few photons are obtained which 

further produced stimulated emission and we got 

highly intense monochromatic light of wavelength 

694.3 𝑛𝑚
 


