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Atomic clocks
● Atomic clocks are the backbone of the Global Positioning System 

(GPS), the network of satellites above the earth that we use every day 

to navigate cities, respond to emergencies, and organise military 

operations, among other things.

●  Despite being one of the most accurate timekeeping methods, 

however, there is still room for improvement. 

● Scientists today are pushing the boundaries with a new technology 

called optical atomic clocks



● The working of an atomic clock Atomic clocks work by keeping time 

using atoms. 

● One popular design uses atoms of an isotope of caesium, Cs-133. 

● The International Committee for Weights and Measures first used it in 

1967 to define the duration of one second.

●  India also uses a Cs-133 atomic clock to define the second for 

timekeeping within its borders. 

● Cs-133 is a highly stable atom and is found naturally, which is why it is 

so commonly used in atomic clocks. 



● Atomic clocks exploit a fundamental property of all atoms: their 
ability to jump between different energy levels.

●  Energy levels are like the steps of a ladder. 
● An atom climbs up the ladder by absorbing energy, like 

electromagnetic radiation.
●  In a Cs atomic clock, the energy needed for the atom to jump to 

a higher energy level matches the frequency of microwave 
radiation.

●  This frequency is related in some fully understood way to the 
duration of a second.



● Microwaves are electromagnetic waves with frequencies in the 

range of 300–300000 MHz. 

● Microwave radiation neither possesses ionizing characteristics nor 

produces changes in the molecular structure; it can be used to 

measure the movement of molecules



●  a caesium atomic clock loses or gains a second every 1.4 million years.

Optical atomic clocks use lasers

As part of an optical atomic clock, researchers use lasers to stimulate atomic 
transitions.

 The lasersʼ light is highly coherent: the emitted light waves all have the same 
frequency and their wavelengths are related to each other in a way that doesnʼt 
change. 

The result is light with more precise properties and great stability.

 Optical atomic clocks use coherent light to achieve higher accuracy in two main 
ways. The first is the higher operating frequency of atomic clocks.



● The second reason is that optical atomic clocks have much narrower 
linewidths. 

● The linewidth is the range of frequencies over which the transition 
occurs. 

● The narrower the linewidth, the easier it is to tune the frequency of the 
optical light that produces the resonance. 

● When the frequency of an externally applied periodic force an a body is 
equal to the natural frequency of the body

● This leads to higher accuracy because it enables more precise changes. 
● The most commonly used atom in optical atomic clocks is strontium (Sr): 

it has narrow linewidths and stable optical transitions.







The United Nations has said 2025 will be designated the ʻInternational Year 
of Quantum Science and Technology .̓

What is Quantum science ??
● Quantum mechanics is a fundamental theory in physics that 

describes the behavior of nature at and below the scale of 
atoms.

● It is the foundation of all quantum physics, which includes 
quantum chemistry, quantum field theory, quantum 
technology, and quantum information science.

https://en.wikipedia.org/wiki/Scientific_theory
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https://en.wikipedia.org/wiki/Atom
https://en.wikipedia.org/wiki/Quantum_chemistry
https://en.wikipedia.org/wiki/Quantum_field_theory
https://en.wikipedia.org/wiki/Quantum_technology
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https://en.wikipedia.org/wiki/Quantum_information_science


● Quantum mechanics can describe many systems that classical 
physics cannot. 

● Classical physics can describe many aspects of nature at an 
ordinary (macroscopic and (optical) microscopic) scale, but is not 
sufficient for describing them at very small submicroscopic 
(atomic and subatomic) scales. 

● Most theories in classical physics can be derived from quantum 
mechanics as an approximation valid at large 
(macroscopic/microscopic) scale





Pantanal
● The Pantanal is a natural region encompassing the world's largest 

tropical wetland area, and the world's largest flooded grasslands. 

● It is located mostly within the Brazilian state of Mato Grosso do Sul, 

but it extends into Mato Grosso and portions of Bolivia and Paraguay.

● The Pantanal is about 140,000–160,000 km2 (54,000–62,000 sq mi), 

gently-sloped basin that receives runoff from the upland areas (the 

Planalto highlands) and slowly releases the water through the 

Paraguay River and tributaries. 
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● At more than 42 million acres, the Pantanal is the largest tropical 

wetland and one of the most pristine in the world. 

● It sprawls across three South American countries—Bolivia, Brazil and 

Paraguay—and supports millions of people there, as well as 

communities in the lower Rio de la Plata Basin.

● The formation is a result of the large, concave pre-Andean depression of 
the Earth's crust, related to the Andean orogeny of the Tertiary.

●  It constitutes an enormous internal river delta, in which several rivers 
flowing from the surrounding plateau merge, depositing their sediments 
and erosion residues, which have been filling, throughout the years, the 
large depression area of the Pantanal.

https://en.wikipedia.org/wiki/Andes_mountains
https://en.wikipedia.org/wiki/Orogeny
https://en.wikipedia.org/wiki/Tertiary
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https://en.wikipedia.org/wiki/Sedimentation




Criminal justice system - important facts

● The �first judgment says that the custody of an accused is not necessary 
prior to the �filing of the charge sheet in certain criminal cases. 

● If the lower courts strictly comply with the directives in this judgment, it 
would bring relief to investigating agencies.

●  The second judgment relates to informing an accused of the grounds of 
arrest in writing. 

● This is a fundamental right under Article 22 of the Constitution. While this 
judgment was delivered in the context of special statutes — namely, the 
Prevention of Money Laundering Act (PMLA), 2002, and the Unlawful 
Activities (Prevention) Act (UAPA), 1967 —



● Article 22(1) – Any person who is in custody has to be informed 

as to why he has been arrested. Further, he cannot be denied the 

right to consult an advocate. 

● Article 22(2) – The arrested individual should be produced before 

a judicial magistrate within 24 hours of his arrest.



● In Siddharth v. State of Uttar Pradesh and Another (2021), the 
Supreme Court held that it is unnecessary for the investigating officer 
(IO) to present the accused in custody at the time of �filing the charge 
sheet if the accused has been cooperating in the investigation and if 
the investigation can be completed without arresting the accused. 

● The Court held that Section 170 of the CrPC does not impose an 
obligation on the officer-in-charge of a police station to arrest each and 
every accused at the time of �filing the charge sheet.



● In Pankaj Bansal v. Union of India and Others (2023), the Supreme 

Court held that the grounds of arrest must be informed in writing to 

the accused as a matter of course and without exception, to give true 

meaning and purpose to the constitutional and statutory mandate of 

Section 19(1) of the PMLA.
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