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The much-awaited Nobel Prize in physics for the year 2024 was announced on October 9th in 

Sweden. Two scientists – one American and another Canadian were jointly awarded this year’s 

prize for their contributions to the development of Artificial Intelligence based on physical 

principles. We have a brief report on the award as stated by the Nobel prize Committee in their 

press release. 

Two articles, giving an account of the application of AI in various contexts including that in 

physics teaching follow the press release. Werner Heisenberg is well known as one of the founders 

of modern quantum mechanics in the third decade of the last century. In particular, his discovery 

of the uncertainty principle for conjugate variables forms a cornerstone of quantum mechanics. An 

article about that finds a place next.  

Nowadays, the unusual properties of entanglement and superposition of quantum states have been 

exploited in developing new applications called quantum technologies. A brief description of such 

technologies is given in the next article. While drones play ever-increasing roles in our lives we 

don’t know much about their design and working. There is an article about the basic physical 

principles that play a role in the working of drones is given in the next article- leaving out the 

technologies that go with the principles.  

We are all concerned and affected by the increasing levels of air, water and pollution that are 

happening due to various reasons – mostly man-made—everywhere. The next article tells us about 

some measures taken by our governments to address them. As we are keen to introduce Kannada 

in higher education, but lacking in resources besides facing practical problems, the next article 

discusses Fluid Dynamic principles in Kannada. It is high time that our educationists seriously 

think about introducing Indian languages in higher education in the interest of effective 

communication between students and teachers. Self-reliance in science ultimately means using 

native languages in education! There are two interesting articles on astrophysical topics – runaway 

stars and the James Webb space telescope in Kannada. There is a need to introduce more 

astrophysical topics in our school and college curricula as that subject is developing fast with the 

availability of advanced technologies.  

Innovative experiments are needed at school and college levels for students. Two, really low-cost, 

innovative experiments that can be performed in colleges are described in this issue.  

Our regular features like the webinars held and academic activities of KPA members (from 

September 21 to the end of October) are listed in this newsletter. 

 We appeal to KPA members to contribute articles, anecdotes, innovative experiments as well as 

any other write-ups that may interest physics students and teachers for the forthcoming issues. 

The editors thank Mrs. Muktha B. Kagali for designing the newsletter, free of cost, at a short 

notice. 

From the Editors 
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The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics 2024 to 

John J Hopfield (Princeton University, USA) and Geoffrey E Hinton (University of Toronto, 

Canada). This year’s two Nobel Laureates in Physics have used tools from physics to develop methods 

that are the foundation of today’s powerful machine learning.  

John Hopfield created an associative memory that can store and reconstruct images and other types of 

patterns in data. Geoffrey Hinton invented a method that can autonomously find properties in data, and 

perform tasks such as identifying specific elements in pictures. We often mean machine learning using 

artificial neural networks when discussing artificial intelligence. The structure of the brain originally 

inspired this technology. In an artificial neural network, the brain’s neurons are represented by nodes 

that have different values. These nodes influence each other through connections that can be likened 

to synapses and which can be made stronger or weaker. The network is trained, for example by 

developing stronger connections between nodes with simultaneously high values.  

This year’s laureates have conducted important work with artificial neural networks from the 1980s 

onward.  

John Hopfield invented a network that uses a method for saving and recreating patterns. We can 

imagine the nodes as pixels. The Hopfield network utilises physics that describes a material’s 

characteristics due to its atomic spin – a property that makes each atom a tiny magnet. The network as 

a whole is described in a manner equivalent to the energy in the spin system found in physics and is 

trained by finding values for the connections between the nodes so that the saved images have low 

energy. When the Hopfield network is fed a distorted or incomplete image, it methodically works 

through the nodes and updates their values so the network’s energy falls. The network thus works 

stepwise to find the saved image that is most like the imperfect one it was fed with.  

Geoffrey Hinton used the Hopfield network as the foundation for a new network that uses a different 

method: the Boltzmann machine. This can learn to recognise characteristic elements in a given type of 

data. Hinton used tools from statistical physics, the science of systems built from many similar 

components. The machine is trained by feeding it examples that are very likely to arise when the 

machine is run. The Boltzmann machine can be used to classify images or create new examples of the 

type of pattern on which it was trained. Hinton has built upon this work, helping initiate the current 

explosive development of machine learning.  

“The laureates’ work has already been of the greatest benefit. In physics we use artificial neural 

networks in a vast range of areas, such as developing new materials with specific properties,” says 

Ellen Moons, Chair of the Nobel Committee for Physics. 

 John J. Hopfield, born 1933 in Chicago, IL, USA. PhD 1958 from Cornell University, Ithaca, NY, 

USA. Professor at Princeton University, NJ, USA.  

Geoffrey E. Hinton, was born 1947 in London, UK. PhD 1978 from The University of Edinburgh, UK. 

Professor at University of Toronto, Canada.  

The Nobel Prize in Physics 2024  
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1. Data Analysis 

• Pattern Recognition: ML algorithms can identify patterns in large datasets, such as those from 

particle accelerators or astrophysical observations. 

• Anomaly Detection: In high-energy physics, AI can help identify rare events, like potential 

signs of new particles, by distinguishing them from background noise. 

2. Simulation and Modelling 

• Surrogate Models: ML can create approximations of complex physical models, allowing faster 

simulations, which is particularly useful in areas like fluid dynamics and cosmology. 

• Generative Models: These can be used to simulate physical systems, enabling researchers to 

generate realistic data for training models. 

3. Experimental Design 

• Optimization: AI can optimize experimental setups and parameters, improving the efficiency 

of experiments and reducing costs. 

• Automated Data Collection: Machine learning can streamline data acquisition processes, 

allowing for real-time analysis and adaptive experiments. 

4. Theoretical Physics 

• Pattern Discovery: AI can assist in uncovering new theoretical models by analysing existing 

data and exploring relationships that might not be immediately evident. 

• Symbolic Regression: This method can help find underlying equations governing physical 

phenomena from data without requiring pre-defined models. 

5. Astrophysics and Cosmology 

• Image Analysis: Deep learning techniques are used to process and analyse images from 

telescopes, such as identifying celestial bodies or classifying galaxy types. 

• Gravitational Wave Detection: Machine learning plays a key role in the analysis of signals 

from gravitational waves, helping to filter noise and improve detection rates. 

• Galaxy Classification: Deep learning models analyze images from telescopes to classify 

galaxies based on morphology, significantly speeding up the process compared to manual 

classification. 

6. Quantum Computing 

• Quantum Machine Learning: Exploring how quantum algorithms can enhance machine 

learning tasks, potentially leading to breakthroughs in optimization and simulation. 

• Quantum State Recognition: AI methods help in identifying quantum states and optimizing 

quantum circuits, enhancing the performance of quantum computers. 

• Quantum Error Correction: Machine learning algorithms assist in detecting and correcting 

errors in quantum computations. 

7. Interdisciplinary Applications 

• Material Science: AI is used to predict the properties of new materials, aiding in the discovery 

of superconductors and other advanced materials. 

• Biophysics: ML techniques help analyze complex biological data, such as protein folding and 

interactions. 

Application of AI and machine learning to different areas of physics 

                                    H.D. Ananda, Former Group Director SPROC Systems, MCF, ISRO 
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8. Particle Physics 

• Large Hadron Collider (LHC): Machine learning algorithms are used to analyse collision 

data, classify events, and identify rare particle interactions (e.g., Higgs boson detection). 

• Anomaly Detection: Techniques like neural networks help identify unexpected events in vast 

datasets, improving the chances of discovering new physics. 

9. Condensed Matter Physics 

• Material Discovery: ML algorithms predict the properties of new materials by analysing 

datasets of known compounds, aiding in the search for superconductors and other advanced 

materials. 

• Phase Transition Analysis: AI techniques can identify phase transitions in materials by 

analysing temperature and pressure data. 

10. Plasma Physics 

• Plasma Turbulence Prediction: Machine learning models can forecast turbulent behaviour in 

plasma confinement devices, improving control strategies for fusion reactors 

11. Computational Physics 

• Simulating Complex Systems: Surrogate models, built with machine learning, can replace 

expensive simulations in fields like fluid dynamics, allowing for faster computational analyses. 

• Real-Time Data Analysis: In experiments, AI can analyse data streams in real time, allowing 

for adaptive experimental designs. 

12. Biophysics 

• Protein Folding: Machine learning models, such as AlphaFold, have made significant 

advancements in predicting protein structures, which is critical for understanding biological 

processes. 

13. Geophysics 

• Seismic Data Analysis: ML techniques help interpret seismic data for earthquake prediction 

and oil exploration, enhancing the understanding of geological structures. 

14. Environmental Physics 

• Climate Modelling: AI is used to improve climate models by identifying patterns in climate 

data and predicting future climate scenarios. 

15. Optics and Photonics 

• Image Analysis: Deep learning techniques are employed to analyse optical data, improving the 

identification and classification of various optical phenomena. 

****** 
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Physical Sciences Consortium, Lucknow, UP 

Physics education is essential in helping students understand the fundamental principles of the 

universe. It is a fascinating subject that forms the backbone of many scientific fields. However, learning 

physics can be challenging, and traditional classroom teaching methods may not always be effective 

in helping students fully understand complex concepts. This is where Artificial Intelligence (AI) comes 

in. 

AI is transforming the way we learn and understand physics. AI-based tools are now being used to 

improve the learning experience for students, making it more personalized, interactive, and engaging. 

From simulations and virtual laboratories to personalized learning plans, AI-based tools are 

revolutionizing physics education. 

In this article, we will explore how AI is changing the game in physics education. We will discuss the 

limitations of traditional teaching methods, the benefits of AI-based learning tools, and the future of 

physics education with AI. 

The traditional approach to physics education 

The traditional approach to physics education has been used for many years, and while it has some 

advantages, it has several limitations. Lectures and textbooks may not be enough to engage students 

and help them understand complex concepts. Here are some of the challenges that students face while 

learning physics using traditional methods: 

1. Passive learning: Traditional classroom lectures often involve one-way communication, 

where students are expected to listen and take notes. This passive learning style can be 

unengaging, and students may struggle to stay focused. 

2. Lack of personalization: Students have different learning styles and paces, and traditional 

teaching methods may not cater to these individual needs. This can lead to a lack of 

engagement and understanding of the material. 

3. Limited opportunities for experimentation: Physics involves practical experimentation, 

but traditional teaching methods often limit this experience. This can make it difficult for 

students to understand how theoretical concepts apply to the real world. 

4. No immediate feedback: Students may not receive immediate feedback on their 

understanding of the material, making it difficult for them to track their progress and 

identify areas that need improvement. 

 

To overcome these challenges, educators are now turning to AI-based learning tools to enhance the 

learning experience for students. 

AI-based solutions for physics education                                                                                                                                   

AI is transforming the way we learn and understand physics. AI-based learning tools are designed to 

personalize the learning experience for students and offer a more engaging and interactive approach   

to learning. Here are some examples of AI-based solutions used in physics education: 

Revolutionizing Physics Education: How AI is Changing the Game 
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1. Simulations and virtual laboratories: AI-based simulations and virtual laboratories can 

provide students with practical experience and help them visualize complex concepts. 

These tools allow students to experiment with different scenarios and see how physics 

principles apply to real-world situations. 

2. Personalized learning plans: AI can be used to create personalized learning plans that 

cater to the individual needs of each student. This can help students learn at their own pace 

and focus on areas that need improvement. 

3. Intelligent tutoring systems: AI-based intelligent tutoring systems can provide 

immediate feedback to students, helping them track their progress and identify areas that 

need improvement. These systems can also adapt to the student's learning style, providing 

a personalized learning experience. 

4. Natural Language Processing (NLP): NLP can be used to create interactive chatbots and 

virtual assistants that can answer students' questions and provide support outside of the 

classroom. 

In conclusion, AI-based learning tools offer a more engaging, personalized, and interactive approach 

to physics education. These tools can help overcome the limitations of traditional teaching methods 

and provide students with a more practical and enjoyable learning experience. 

Advantages of AI-based learning tools in physics education 

AI-based learning tools offer several advantages over traditional teaching methods in physics 

education. Here are some of the key benefits: 

1. Personalization: AI-based tools can personalize the learning experience for each student. 

This can help students learn at their own pace and cater to their individual learning style, 

making it easier for them to understand and apply complex concepts. 

2. Interactive and engaging: AI-based simulations and virtual laboratories can provide an 

interactive and engaging learning experience. These tools allow students to experiment 

with different scenarios and see how physics principles apply to real-world situations. 

3. Immediate feedback: AI-based tools can provide immediate feedback to students, 

helping them track their progress and identify areas that need improvement. This can help 

students stay motivated and engaged in the learning process. 

4. Accessibility: AI-based tools can be accessed from anywhere with an internet connection, 

allowing students to learn at their own convenience. This can be particularly useful for 

students who may not have access to traditional classroom teaching. 

5. Cost-effective: AI-based learning tools can be more cost-effective than traditional 

teaching methods. For example, virtual laboratories can be less expensive than building 

and maintaining physical laboratories. 

6. Enhancing problem-solving skills: AI-based tools can also help students develop 

problem-solving skills by allowing them to experiment and test theories. This can help 

students think critically and apply their knowledge to real-world situations. 

In conclusion, AI-based learning tools offer several advantages over traditional teaching methods in 

physics education. These tools can provide personalized, interactive, and engaging learning 

experiences, while also offering immediate feedback and accessibility. With the help of AI, students 

can learn physics more practically and enjoyably, ultimately improving their understanding and 

academic performance. 
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The Future of Physics Education with AI 

As AI technology continues to evolve, the future of physics education looks bright. AI has the potential 

to transform the way we teach and learn physics, making it more accessible, engaging, and 

personalized. Here are some potential developments that could shape the future of physics education: 

1. Integration of AI-based tools in the classroom: AI-based tools can be integrated into 

traditional classroom teaching, providing an enhanced learning experience for students. 

2. Personalized learning plans: AI can be used to create personalized learning plans for 

each student, catering to their individual needs and learning styles. 

3. Virtual and augmented reality: The use of virtual and augmented reality can provide 

students with a more immersive and interactive learning experience. 

4. Collaboration and peer learning: AI can facilitate collaboration and peer learning by 

connecting students with similar interests and learning styles. 

In conclusion, the use of AI in physics education has the potential to transform the way we teach and 

learn this complex subject. Traditional teaching methods are often limited by the constraints of time 

and resources, making it challenging for students to fully grasp the complex concepts involved in 

physics. 

AI-based learning tools, however, can offer a more personalized and interactive approach to learning, 

providing students with immediate feedback, accessibility, and engagement. With the help of AI, 

students can experiment with complex physics principles in virtual laboratories, enhancing their 

problem-solving skills and critical thinking abilities. 

Furthermore, the future of physics education looks promising with the continued development of AI 

technology. We can expect to see more integration of AI-based tools in traditional classroom teaching, 

as well as the development of personalized learning plans, virtual and augmented reality simulations, 

and collaboration tools. 

Overall, the use of AI in physics education is an exciting development that has the potential to 

revolutionize the way we approach this subject. As educators and learners, we should embrace these 

new tools and technologies to enhance our understanding and appreciation of the fundamental 

principles of physics. 

****** 
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Max Planck (1858-1947) was a well-known German theoretical 

physicist who made several contributions to theoretical physics, 

but his fame rests principally on his role as the originator of 

quantum theory. He is more often referred to as the Father of 

Quantum Theory. The quantum theory revolutionized our 

understanding of atomic and subatomic processes. The two 

theories, Einstein’s theory of relativity and Max Planck’s 

quantum theory constitute fundamental theories of 20th-century 

physics that shook the foundations of classical physics 

(Newton’s) which had dominated the world of physics for about 

two hundred-plus years. Planck’s quantum theory, though not 

appreciated in the beginning, with its far-reaching effect on classical physics, eventually gained 

importance as its application accounted for discrepancies between observed phenomena and classical 

physics. Among these applications, perhaps, Einstein’s explanation of the photoelectric effect, 

proposed in 1905, stands out and paved the way for the universal acceptance of Planck’s quantum 

theory.   

Early life 

Max Karl Ernst Ludwig Planck was born in Kiel, Germany on April 23, 1858 to Julius Wilhelm Planck 

and Emma Patzig. Planck hailed from an intellectual and traditional family. His father was a Professor 

of Law at the University of Kiel and later in Gottingen. In 1867, the family moved to Munich as his 

father got the appointment at the University of Munich. Planck was admitted to Maximilian 

Gymnasium School. His mathematical abilities emerged early and were noticed by his teachers and 

thus he came under the tutelage of Hermann Muller, a mathematician. Mr. Hermann Muller taught 

Planck astronomy, mechanics and mathematics, Interestingly, Planck excelled in all the subjects. It is 

often mentioned that Planck first learned the principle of conservation of energy from Mr. Hermann 

Muller. Planck graduated at the early age of 17.  

Planck was also a gifted musician. He played piano and composed songs. But he passionately chose to 

study physics instead of music though music remained an integral part of his life. This decision of 

Planck benefited the subject of physics a lot.  

University Education 

Max Planck entered the University of Munich in 1874. He started his scientific career as an 

experimentalist under the guidance of Philip Van Jolly. Under Van Jolly’s supervision, he performed 

only one experiment namely “Studying the Diffusion of Hydrogen through heated Platinum”. Later, 

he switched over to the study of theoretical physics. It is worth mentioning the example of Wolfgang  

Max Planck- the Originator of Quantum Theory 

Dr. B.S. Srikanta, Academic Advisor, Indian Academy Degree College    (Autonomous) 

Principal Grade I (Retd),RBANMs FG College, Former Academic Director and Principal, Surana College, 

Former Professor, Principal and Director, Sindhi College, Bengaluru 
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Pauli, who also started his scientific career as an experimentalist but switched over to theoretical 

physics. In 1877, he went to the Friedrich Wilhelms University in Berlin for a year of study with 

physicists Hermann Helmholtz and Gustav Kirchhoff and mathematician Karl Weierstrass where he 

chose thermodynamics as his field of study. The law of conservation of energy (essentially the first 

law of thermodynamics) impressed Planck deeply even when he was a student at the Gymnasium.  

In 1878, Max Planck passed the qualifier examination and defended his dissertation on “Second Law 

of Mechanical Heat Theory” in 1879 (the year of Einstein’s birth). By the age of 22 (1880), Max Planck 

had obtained two higher academic degrees offered in Europe- a doctorate degree and a Habilitation 

(highest university degree). 

Teaching and Research Career   

Despite his remarkable academic achievements, initially, he was appointed as an unpaid Asst. Professor 

in Munich. But his initial setback did not deter him from continuing research work in the field of heat 

theory. In 1885, Planck was appointed as Associate Professor of Theoretical Physics at the University 

of Kiel. He continued his work on entropy and published his “Treatise on Thermodynamics” in 1887. 

In 1889, he was appointed to the position held earlier by Kirchhoff at Friedrich–Wilhelm’s University 

in Berlin and by 1892, he became a full-fledged professor of physics. During his tenure at Berlin, he 

was invited to assume charge as Earnest Kempton Adams Lecturer in theoretical physics at Columbia 

University in New York. He delivered a series of lectures that marked the beginning of America’s 

engagement with modern physics. His lectures were translated and co-published by Prof. A.P Wills of 

Columbia University. He was elected to the American Academy of Arts and Sciences in 1914, 

the United States National Academy of Sciences in 1926 and the American Philosophical Society in 

1933. He retired from Berlin in 1926. During his stay at Berlin University, as stated by Planck himself, 

he was the only Professor of Theoretical Physics at Friedrich-Wilhelm’s University in Berlin and he 

was finding it difficult to make people understand the concept of entropy. I quote “In those days, I was 

essentially the only theoretical physicist there whence things were not so easy for me because I started 

mentioning entropy, but this was not quite fashionable since it was regarded as a mathematical Spook”.  

He started his Six-Semester course on Theoretical Physics. The lectures were well appreciated. I quote 

one of the Participants John R Partington “Using no notes, never making mistakes, never faltering, best 

lecturer I have heard”.  

Entropy 

Entropy, as we have studied in our degree classes, measures the system’s thermal energy per unit 

temperature that is unavailable for doing useful work (dS=dQ/T). Entropy is also a measure of 

molecular disorder or randomness of a system. The concept of entropy provides insight into the 

direction of spontaneous change occurring in nature. The introduction of entropy by the German 

Physicist Rudolf Clausius in 1850 is, perhaps, a highlight of nineteenth-century physics. Clausius used 

the concept of entropy to state the second law of thermodynamics. The Clausius form of the second 

law of thermodynamics states that the spontaneous change for an irreversible process in an isolated 

system always proceeds in the direction of increasing entropy.  

Planck was convinced that the entropy law, the second law of thermodynamics was an absolute law of 

nature.  
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The second law of thermodynamics was reformulated and the new formulation was, that entropy can 

be created but never destroyed. Max Planck generalized the applicability of the second law of 

thermodynamics to all natural processes. Clausius had limited its applicability to reversible processes. 

Planck dealt comprehensively with the new concept of entropy and argued that entropy is not only a 

property of a physical system but at the same time a measure of irreversibility of a process. If entropy 

increases, it is an irreversible process because entropy cannot be reduced according to the second law 

of thermodynamics. In reversible processes, entropy remains constant. He presented all these facts in 

a detailed manner in 1887 in a series of treatises titled “On the Principle of Increase of Entropy”. He 

also realized that the maximum entropy corresponds to the equilibrium state of a system.  

Black Body Radiation: 

In 1859, Kirchhoff defined a black body as an object that reemits all of the radiant energy incident 

upon it. In other words, it is a perfect emitter and absorber of radiation. By the 1890s, several 

investigations, both theoretical and experimental had been made to determine spectral energy 

distribution. A curve throws light on how much energy is emitted at different wavelengths, in other 

words, E as a function of 𝜆 for a given temperature of the black body. Notable investigations often 

referred to are those of Wilhelm Wein and Rayleigh-Jeans. Planck was attracted to the formula-derived 

by Wein and made several attempts to derive the law based on the second law of thermodynamics. 

Meanwhile, experimentalists Lummer, Pringsheim, Kurlbaum and others found that Wein’s law while 

valid at high frequencies or shorter wavelengths broke down completely at low frequencies or longer 

wavelengths. 

The Rayleigh-Jeans law agreed with experimental results at low frequencies or longer wavelengths but 

failed at higher frequencies or shorter wavelengths. Thus, both the theoretical laws failed to explain 

experimental results over the entire range of the spectrum. Further, they appear to lead to absurd 

conclusions. for example, in Wein’s formula  

dE=K 𝜆−5𝑒−𝑎𝜆/𝑇𝑑𝜆 

Where dE is the energy contained in the wavelength range 𝜆 and 𝜆 + 𝑑𝜆 emitted by a black body at 

temperature T, K and a being constant, even when T is infinite, the energy E is still finite which 

contradicts experimentally verified Stefan’s law (E∝T4). Similarly, Rayleigh Jeans’ law 

dE=𝛽𝜆−4T 𝑒−𝑎/𝜆𝑇d𝜆 

where 𝛽 𝑎𝑛𝑑 𝑎 𝑎𝑟𝑒 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠  

It can be easily seen that as 𝜆 decreases, the energy emitted in the given wavelength range 𝜆 and 𝜆 +

𝑑𝜆 increases quite rapidly and tends towards infinity as 𝜆 tends to zero which is not acceptable. 

Planck thought that he should try to combine these two expressions and obtain a formula relating the 

energy of radiation to its frequency. Hence, in 1900, Max Planck proposed a new revolutionary 

hypothesis, known as quantum theory. Planck assumed that the oscillators comprising the black body 

and remitting the energy incident on them absorb and emit energy not in a continuous manner as 

suggested by the classical theory but as discrete integral multiples of a small unit of energy called the 

quantum. Energy of each quantum is given by h𝛾 proportional to the frequency of the radiation, h is a 

constant called Planck’s constant. These quanta are now called photons. Applying the laws of  
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probability to such quantum oscillators, he obtained expression for the energy distribution of a black 

body radiation which is called Planck’s radiation formula.  

dE=
8𝜋ℎ𝑐𝜆−5

𝑒ℎ𝑐/𝜆𝑘𝑡−1
 d𝜆 

It agrees with the experimental results very well over the entire wavelength range. Further, Wein’s and 

Rayleigh Jeans’ formulae can be deduced from Planck’s radiation formula as special cases. The 

quantum theory originally introduced by Planck forms one of the fundamental concepts of modern 

physics. In 1905, based on Planck’s quantum theory, Albert Einstein successfully explained the 

experimental facts surrounding the photoelectric effect. Einstein's idea was even more revolutionary 

than that of Max Planck; he proposed that energy is not only quantized in electromagnetic waves but 

also carried in discrete packets called "quanta," now known as photons. Einstein’s explanation of the 

photoelectric effect using Planck’s quantum theory (for which he was awarded the Nobel Prize in 1921) 

significantly contributed to the theory's acceptance and application in various fields. Quantum theory 

has since been used to explain several phenomena, such as the Compton Effect, atomic structure, and 

the origin of spectral lines, which form a major foundation of modern physics.In 1918, while discussing 

with his son, Planck described his discovery as a discovery of the first rank, perhaps, comparable to 

Newton’s discovery. In recognition of Planck’s contribution to altogether a new branch of physics, he 

was awarded the Nobel Prize in 1918. 

Max Planck retired in 1928, Another theoretical physicist Erwin Schrodinger, originator of Wave 

Mechanics, was selected as his successor. 

Later life  

Max Planck held the position of the permanent secretary, of the mathematics and physics sections of 

the Prussian Academy of Sciences from 1912 to 1938. He also held the Presidentship of the Kaiser 

Wilhelm Society from 1930 to 1937, Planck held these positions with great authority and his decisions 

were seldom questioned. He was known for his fairness, integrity and wisdom which were beyond 

question. He was a man of indomitable spirit. His stoicism, mental strength, and philosophical and 

religious convictions enabled him to withstand the tragedies that followed one after another which 

Planck faced in his life after the age of 50. In 1909, his first wife died, and in 1916 his elder son Karl 

was killed, 1917 one of his daughters died in childbirth and his other daughter also died in 1919. 

Planck’s house was destroyed by bombs in 1944 during the Second World War, the worst part of the 

tragedy was that his younger son was implicated in the attempt made on Hitler’s life in July 1944 and 

he was mercilessly killed. These incidents destroyed Planck’s will to live. At the end of the war, 

American officers took Planck and his second wife Marge Von Hoessian to Gottingen. At last, he died 

in his 89th year on 4th October 1947. In the words of James Frank, death came to Planck as on act of 

redemption. An illustrious scientist, the Father of Quantum Physics had a tragic end to his life. He was 

buried in Gottingen. 

I end with a quote by Planck “Insight must Precede Application” 

****** 
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Introduction 

Heisenberg was awarded the 1932 Nobel Prize in Physics "for creating quantum 

mechanics".   At almost the same time, as Schrodinger’s wave mechanics was 

proposed, W. K. Heisenberg (Germany, 1901 - 76) published a new theory which 

has later been called the matrix mechanics  

  

 

Newtonian   classical mechanics 

Let us consider a particle of mass m whose coordinate (position) and momentum are represented by q 

and p    respectively. In classical mechanics, the coordinate q   and the velocity v   or the momentum p 

= mv are determined as a function of time t   by the Newtonian equation of motion. In other words, the 

particle moving along an orbit, described by a function q (t)   and the momentum p (t), is located at any 

point on the orbit. Accordingly, a particle’s orbit and state of motion are completely described by the 

coordinate q and momentum p    in classical mechanics.  

The above-mentioned variables q   and p in classical mechanics are ordinary variables. When they are 

multiplied by each other, the order of multiplication can be exchanged; i.e.,  

 

Heisenberg's Way of Thinking 
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 Heisenberg's matrix mechanics  

However, in Heisenberg's theory, the result of multiplication changes depending on its order. This 

means that the physical quantities in Heisenberg's theory are not ordinary variables; they are matrices, 

well-known in mathematics. Let us denote these matrix-variables by boldface letters as q or p.  

A matrix   a consisting of many elements a11, a12 …..  ,   may be represented as  

  

As similar to ordinary variables, the four basic operations of arithmetic (addition, subtraction, 

multiplication and division) can be defined for matrices. However, the results of multiplication of q 

and p  differ depending on the order as  

  

Heisenberg assumed their difference to be  

  

Where i is an imaginary number unit, I is a unit matrix, ћ=h/2ᴨ   and h is the plank’s constant.  

Heisenberg replaced the ordinary variables in classical mechanics with the matrix variables mentioned 

above and assumed the condition (4). Thereby, he obtained the correct values of frequencies and 

strengths of the spectra of hydrogen. These results are the same as those obtained by Schrodinger’s 

wave mechanics.  

This was surprising because it appeared that there might be nothing common between these two 

theories, the matrix mechanics and the wave mechanics. Schrodinger has later, however, shown that 

these two theories are equivalent to each other and one can be derived from the other (1926).  

Nowadays, Heisenberg's matrix mechanics and Schrodinger’s wave mechanics are generically 

named quantum mechanics.  

Stop Drawing the Orbit -- Abandon Common Sense! 

Looking back at what we have studied so far, we are somewhat sceptical about whether the concept of 

the orbit of a particle may be valid or acceptable in the microscopic world.  

In our common sense, as in   Newtonian classical mechanics, a particle is considered to be a point, and 

the motion of the particle is represented by the position (coordinate) and the velocity (or momentum).  

We assume that the moving point particle describing an orbit and the position or momentum of this 

point particle is specified at each point on the orbit. This is the common sense in the macroscopic 

world.  
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Whereas, in the Schrodinger wave mechanics, a particle, not only moves as a particle but accompanies 

a wave.    In the Heisenberg matrix mechanics, the variables, position and momentum are no longer 

ordinary variables but matrices, as position or momentum is not exactly specified at each point on the 

orbit.  

Consequently, it seems that the position and momentum might not necessarily be variables of unique 

values as our common sense suggests. Quantum mechanics seems to say, "Abandon Common Sense!"  

Is it allowed in the microscopic world to abandon the common understandings that have long been 

accepted since ancient times?  

Heisenberg's Uncertainty Principle 

As seen above, Heisenberg asserts that "the common sense might be abandoned" (1927). The basis is 

the following uncertainty principle. To explain this, let us now borrow an interesting illustration used 

by G. Gamow (Russia, USA, 1904 - 68). (See the figure.)  

This pleasant illustration was represented in Gamow's 

enlightening book, "Thirty Years That Shock Physics" 

(Anchor/Doubleday, New York, 1966), to easily explain 

the uncertainty relation. Now let us consider the thought 

(Gedanken) experiment shown in the figure below. 

("Gedanken" is a German word.)  

Let us consider the Gedanken experiment as shown in the  

figure:                                         

Experiment: In a completely vacuous room, an electron 

ejected horizontally from a gun is going down vertically, 

being acted on by gravity. When we detect the trajectory by 

shining an illuminating light on the electron, what 

happens?  

Analysis: First, let us analyze this situation with the   

Newtonian classical theory. According to Newtonian 

mechanics, the electron must fall along a parabolic orbit. 

To detect this orbit, we turn on the lamp sometimes and 

illuminate the electron. Since light applies pressure onto the 

electron and distorts the orbit, we should weaken the strength of the light very much to minimize its 

impact. It is possible to weaken the strength without bounds because there is no lower limit of the 

strength of light according to classical theory. As a consequence, the orbit measured in this way would 

approach a parabola ultimately. This is just our common sense that must be proved by the measurement.  

Let us analyze this situation with the Heisenberg quantum theory. If we take into account that 

illuminating light is emitted as photons, the above discussion would be incorrect. Let the frequency 

and the wavelength of the light   be  and respectively. The light collides with the electron as a particle  

Gamow's Gedankenexperiment to explain 

the uncertainty principle 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

17 

 

 

 

with a given energy   and momentum.  Due to the transfer of momentum between the photon and 

the electron, it gets a momentum    at the most. As a result, the orbit of the electron is 

distorted. To reduce this distortion, we have to make the momentum transfer   

as small as possible, i.e., to make the wavelength      extremely large. But we cannot 

identify the position of the electron if     is larger than the size of the telescope which is being 

used for observation (wavelength of light and electron is same here).  Hence, the uncertainty (or error), 

Δx in the position x of the electron, is at least about the wavelength of the light, . Accordingly, 

the uncertainty (or error) of the momentum of the electron becomes  

  
Consequently, we have a relation 

  
This relation (6) is called Heisenberg’s uncertainty principle.  

This principle means that, if we intend to reduce the uncertainty of position (Δx) then the uncertainty 

of momentum (Δp) becomes large, and vice versa. In other words, it is impossible to simultaneously 

specify precisely the values of both the coordinate position and corresponding momentum of a particle 

in an experiment because of the particle-wave duality of light.  

We referred to uncertainty (or error) in the above discussion, but this does not imply measurement 

errors like misreading of apparatus or errors caused by poor experimental settings. Even if the 

apparatuses have no defect and the experiment is carried out without any error, we would have 

essential errors (or uncertainties) due to the particle-wave duality of light.  

The Assertion of Heisenberg and Bohr  

After doing various hypothetical (Gedanken) experiments, Heisenberg and Bohr concluded that no 

experiment can specify the values of the coordinate (position) and momentum of a particle more 

precisely than the limits given by the uncertainty principle (6). Hence, they asserted that we may have 

to abandon the classical common sense that the coordinate and the momentum of a particle are 

ordinary variables possessing precisely specified values and moving along a trajectory drawn in a 

curved line. 

****** 
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Those who are not shocked when they first come across quantum theory cannot possibly have 

understood it.                                                                                                                - Niels Bohr 

If you think you understand quantum mechanics, you don’t understand quantum mechanics. 

- Richard Feynman 

Not only is the Universe stranger than we think, it is stranger than we can think. 

- Werner Heisenberg 

Three quotes from three famous quantum physicists. I guess it is safe to say that there is broad consensus 

that trying to understand quantum mechanics is not your average Sunday morning brain teaser. However, 

quantum mechanics is not just mind-boggling and food for vigorous thought. In fact, although we might 

not be able fully to comprehend it, technologies built upon our understanding of quantum mechanics are 

already all around us. 

Transistors and semiconductors in our computers and communication infrastructures are examples of 

‘first generation’ quantum technologies. But the best is still to come. Through a greater understanding 

of quantum phenomena such as ‘superposition’ and ‘entanglement’ (explained below), the ‘second 

quantum revolution’ is now taking place, enabling the development of novel and revolutionary quantum 

technologies. 

As these technologies will bring profound new capabilities both for civilian and military purposes, 

quantum technologies have received significant interest from industry and governments in recent years. 

Big technology companies like IBM, Google and Microsoft are spending hundreds of millions of dollars 

on research and development in the area of quantum computing in their race for ‘quantum supremacy’. 

Similarly, governments have recognised the transformative potential and the geopolitical value of 

quantum technology applications and the United States, the European Union and China have each set up 

their own over-billion-dollar research programmes. 

Principles Underlying Quantum Technologies 

Without going into a detailed explanation of quantum mechanics, a few key underlying principles are 

worth briefly discussing to help understand the potential applications of quantum technologies. 

Quantum technologies exploit physical phenomena at the atomic and sub-atomic scale. Fundamental to 

quantum mechanics is that at this atomic scale, the world is ‘probabilistic’ as opposed to ‘deterministic’. 

This notion of probability was the subject of a world-famous debate between Albert Einstein and Niels 

Bohr at the fifth Solvay Conference on Physics, held in October 1927 in Brussels. This conference 

gathered the 29 most notable physicists of the time (17 of them would later become Nobel Prize winners) 

to discuss the newly formulated quantum theory. 

In the so-called “debate of the century” during the 1927 Solvay Conference, Niels Bohr defended the 

new quantum mechanics theory as formulated by Werner Heisenberg, whereas Albert Einstein  

Quantum Technologies in Defence & Security 
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tried to uphold the deterministic paradigm of cause and effect. Albert Einstein famously put forward that 

“God does not play dice”, after which Niels Bohr countered “Einstein, stop telling God what to do.” 

Nowadays, the scientific community agrees that Niels Bohr won the debate. This means that our world 

does not have a fixed script based on cause and effect but is in fact subject to chance. In other words, 

you can know everything there is to know in the universe and still not know what will happen next. 

This new probabilistic paradigm led the way to a better understanding of some key properties of quantum 

particles which underlie quantum technologies, most notably ‘superposition’ and ‘entanglement’ (figure 

1). The improved understanding of these fundamental quantum principles is what has spurred the 

development of next-generation quantum technologies: quantum sensing, quantum communication and 

quantum computing. 

 

  

 

 

 

 

 

 

 

 Present and future applications 

While quantum computing has received most of the hype around quantum technologies, a whole world 

of quantum sensing and quantum communication is out there, which is just as fascinating and promising. 

Quantum sensing 

Quantum sensors are based on ultra-cold atoms or photons, carefully manipulated using superposition 

or entanglement in specific ‘quantum states’. By exploiting the fact that quantum states are extremely 

sensitive to disturbances, quantum sensors can measure tiny differences in all kinds of different 

properties like temperature, acceleration, gravity or time. 

Quantum sensing has transformative potential for our measurement and detection technology. Not only 

does it enable much more accurate and sensitive measurements, it also opens up possibilities  

to measure things, we have never been able to measure before. To name a few, quantum sensors could 

allow us to find out exactly what lies under our feet through underground mapping; provide early- 
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warning systems for volcanic eruptions; enable autonomous systems to ‘see’ around corners; and provide 

portable scanners that monitor a person’s brain activity (source: Scientific American). 

While quantum technologies might seem to be technologies of the distant future, the first quantum 

sensors are actually already on the market (for example, atomic clocks and gravimeters). Looking ahead, 

we can expect more quantum sensing applications to become available over the coming five to seven 

years, with quantum Positioning Navigation and Timing (PNT) devices and quantum radar technologies 

as particular applications to look out for. 

Quantum communication 

The potential of quantum communication relies on its promise to enable ‘ultra-secure’ data 

communication, potentially even completely unbackable. Currently, our exchange of data relies on 

streams of electrical signals representing ‘1s’ and 0s’ running through optical fibre cables. A hacker who 

manages to tap into these cables can read and copy those bits as they travel through the cable. In quantum 

communication on the other hand, the transmitted information is encoded in a quantum particle in a 

superposition of ‘1’ and ‘0’, a so-called ‘qubit’. Because of the sensitivity of quantum states to external 

disturbances, whenever a hacker tries to capture what information is being transmitted, the qubit 

‘collapses’ to either a ‘1’ or a ‘0’ – thereby destroying the quantum information and leaving a suspicious 

trail. 

The first application of quantum communication is called ‘Quantum Key Distribution’ (QKD) which 

uses quantum particles for the exchange of cryptographic keys. In QKD, the actual data is transmitted 

over traditional communication infrastructure using normal bits, however, the cryptographic keys 

necessary to decrypt the data are transmitted separately using quantum particles. Extensive 

experimentation in QKD is already taking place, both using terrestrial communication as well as space-

based communication. In 2016, China launched the world’s first quantum science satellite ‘Micius’, 

which has since then demonstrated intercontinental ground-to-satellite and satellite-to-ground QKD by 

securing a video conference meeting between Beijing and Vienna. 

‘Quantum teleportation’ would be the next step in quantum communication. Whereas in QKD the 

cryptographic keys are distributed using quantum technology, with quantum teleportation it is the 

information itself that is being transmitted using entangled quantum pairs. The greatest distance over 

which quantum teleportation has been achieved so far over fibre-optic cable is 50 kilometres, and the 

challenge in the coming years is to scale quantum teleportation to enable secure communication over 

larger distances. 

The ultimate goal in quantum communication is to create a ‘quantum internet’: a network of entangled 

quantum computers connected with ultra-secure quantum communication guaranteed by the 

fundamental laws of physics. However, a quantum internet not only requires quantum  

teleportation over very large distances, it would also require the further development of other crucial 

enabling technologies like quantum processors, a comprehensive quantum internet stack including 

internet protocols and quantum internet software applications. This really is a long-term endeavour and,  
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while it’s difficult to determine if and exactly when this technology matures, most scholars refer to a 

time horizon of 10-15 years. 

Quantum computing 

Quantum computing will significantly increase our capacity to solve some of the most complex 

computational problems. Quantum computing is said to be as different from classical computing, as a 

classical computer differs from the abacus. 

As explained above, whereas classical computers perform calculations using binary digits (0 or 1), 

quantum computers represent information using quantum bits (qubits) which can be in a superposition 

of both states (0 and 1 at the same time). 

As qubits are extremely sensitive to external disturbances, to be able to control, manipulate and exploit 

them, qubits need to be cooled down to a level extremely close to the absolute minimum temperature (or 

zero kelvin), around 15 millikelvins. That is colder than outer space! In fact, inside a quantum computer 

is the coldest place in the universe we know of. 

Qubits enable quantum computers to make multiple calculations at the same time, potentially resulting 

in an immense increase in computational efficiency as opposed to classical computers. There are several 

applications where quantum computers will be particularly transformational: 

• Simulation of physical systems for drug discovery and the design of new materials; 

• Solving complex optimisation problems in supply chain, logistics and finance; 

• Combination with artificial intelligence for the acceleration of machine learning; 

• Factorisation of integers, enabling the decryption of most commonly used cybersecurity 

protocols (e.g. RSA, an asymmetric encryption algorithm, used for secure data transmission). 

 

Big technology companies like IBM, Google and Microsoft are racing for ‘quantum supremacy’, which 

is the point where a quantum computer succeeds in solving a problem that no classical computer could 

solve in any feasible amount of time. 

In October 2019, Google claimed to have achieved quantum supremacy on its 53-qubit quantum 

computer. However, critics say that the problem solved in the Google experiment had no practical value 

and that therefore the race for quantum supremacy is still on. 

Current quantum computers have around 60 qubits but further developments follow each other in rapid 

succession and ambitions are high. In September 2021, IBM announced a road map for the development 

of its quantum computers, including its goal to build a quantum computer with 1000 qubits by 2023. 

Google has its own plan to build a million-qubit quantum computer by 2029. 

With 1000-qubit quantum computers, so-called Noisy Intermediate-Scale Quantum (NISQ) computers, 

we can already see some valuable practical applications in material design, drug discovery or logistics. 

The coming five to ten years therefore will be incredibly exciting for quantum computing. 
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Implications for defence and security 

Quantum technologies have the potential to bring profound new capabilities, enabling us to sense the 

insensible, transforming cybersecurity, and enabling us to solve problems we have never been able to 

solve before. 

In the defence and security environment, two applications will have particularly significant implications 

in the near- to mid-term. 

Firstly, quantum sensing. Quantum sensors have some promising military applications. For example, 

quantum sensors could be used to detect submarines and stealth aircraft, and quantum sensors could be 

used for Position, Navigation and Timing (PNT). Such ‘quantum PNT devices’ could be used as reliable 

inertial navigation systems, which enable navigation without the need for external references such as 

GPS. This would be a game-changing capability for underwater navigation on submarines, for instance, 

but also as a back-up navigation system for above-water platforms in case of GPS signal loss. 

The first quantum sensors are already commercially available, making it the most mature technology out 

of sensing, communications and computing. Moreover, for quantum communications and computing, 

the civilian sector is expected to drive developments forward, given the immense potential value they 

have for civil industry. However, for quantum sensing, potential applications such as quantum PNT and 

quantum radar are particularly interesting for the military. Therefore, it is up to the military to fund, 

support and guide research and development in this area to make these potential applications a reality. 

Secondly, the ‘quantum threat’ posed by quantum computing. As mentioned in the previous section, the 

factorisation of integers is one type of problem that quantum computers can solve particularly efficiently. 

Most of our digital infrastructure and basically anything we do online – whether that is video 

conferencing, sending e-mails or accessing our online bank account – is encrypted through cryptographic 

protocols based on the difficulty of solving these kinds of integer factorisation problems (e.g. the RSA 

algorithm). While practically usable quantum 

computers still need to be developed, the 

quantum algorithm to solve these problems and 

to decrypt our digital communication, i.e. 

Shor’s algorithm, has already been invented in 

1994 and is waiting for a quantum computer 

capable of running it. 

To illustrate, the figure below is an example of 

an integer factorisation problem as used to 

secure potentially sensitive information. While you might think that any graphic calculator would be 

able to solve this seemingly simple mathematical problem the world’s fastest supercomputer would take 

the whole lifetime of the universe to solve it. A quantum computer, however, would be able to solve it 

in a couple of minutes. 

 

This is an urgent threat to society writ large but also specifically to the military, given the importance of 

secure communication and secure information for defence and security. To counter this threat, we will  
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have to completely upgrade all our secure digital infrastructure using cryptography that is ‘quantum-

resistant’, i.e. secure against both quantum and classical computers. One option would be to wait for 

quantum communication (QKD or quantum teleportation) to mature and use this quantum technology to 

protect against other quantum technologies. However, time is not on our side. Not only could quantum 

computing technology outpace quantum communication development, but the threat is already present. 

With the prospect of future quantum computers, hackers could steal encrypted information today, store 

it and decrypt it in 10-15 years using a future quantum computer. 

The better option is to implement ‘Post-Quantum Cryptography’ (PQC), new classical (i.e. non-

quantum) cryptographic algorithms that even quantum computers will not be able to solve. Currently, 

the US National Institute of Standards and Technology (NIST) is leading an international competition 

to select the PQC algorithm(s) to be standardised and adopted across the globe. The process started in 

2016 and in July 2020 the NIST announced it had seven final candidates. 

We can expect the NIST to make its final selection for standardisation by early 2022 and establish actual 

standards by 2024. Decision-makers across industries and within the military should pencil these dates 

in their diaries, start preparing for a big cybersecurity upgrade and make sure we hit the ground running. 

Way ahead 

New advances in quantum technology research and development have the potential to bring exciting 

new capabilities to the military. Given the sizable interest and funding for quantum technologies coming 

from both civilian industry and governments, it is expected that the technology will mature and that new 

quantum applications will become available in the coming five to ten years. However, for Allied 

militaries to be able to actually reap the benefits of these new quantum technologies, it is essential that 

Allies proactively engage in this field and guide the development and adoption of the military 

applications of quantum technologies. This should include not just engaging with big technology 

companies, but specifically also with start-ups, universities and research institutes as these are vital for 

innovation in these new technologies. 

Allied militaries could bring significant added value to existing efforts in industry and academia by 

providing testing & validation infrastructure (test centres) and access to end-user military operators. 

Early experimentation with these technologies not only contributes to their further development, but also 

enables the military to become familiar with these technologies and their capabilities, which helps 

facilitate future adoption. Moreover, active participation in the quantum ecosystem increases the 

military’s understanding of the potential risks associated to quantum technologies, specifically within 

the cyber domain. 

****** 
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Nowadays drones have become very common and popular all over the world. They have been used as 

flying toys, flying video cameras, small goods transporters for short distances, and carriers of weapons 

in wars, just to name a few.  

There are several kinds of designs for them, depending on their end-use. The most common and perhaps 

the most basic is what is called a quadcopter design. It consists, essentially, of a square-bodied vehicle 

with four arms with spinning blades at the four corners with 

various control systems in the middle part. See the figure. 

One wonders how such a device can fly making all kinds of 

maneuverers, when one does not see any wings, any tail, 

or any rudder that we commonly associate with an airplane. 

How does it manage to go forward and backwards; move 

sideways and turn about a vertical axis passing through its 

centre are some of the questions one tends to ask. Let us see 

how we can find answers to such questions using basic physical principles. 

The four specially shaped spinning blades (or propellers) at the corners are 

arranged to spin at different rates individually by a central control system. 

All of them do not spin in the same direction – if that was true it would 

cause the entire body of the drone to spin constantly in the opposite 

direction, something that we do not want. Hence, diagonally opposite 

blades along one diagonal (like 1 and 3) spin in one direction, while those 

along the other diagonal (like 2 and 4) spin in the opposite sense as shown 

in the figure below.  

Such an arrangement leads to cancellation of the torque on the body of the drone – hence the drone can 

move up or down and left or right without unwanted rotation. 

If we want the drone to move up vertically, we just raise the spinning rates of all four blades together. 

Then, the lifting force - known as thrust that is developed due to the rapid displacement of air downwards 

(again following Newton’s third law for forces) counteracts the weight of the drone and if the thrust 

exceeds the weight, the drone climbs up vertically. In the special case of the thrust balancing the weight, 

the drone simply stays at one position. Such a motion is called hovering. If one wishes to bring down 

the drone, the spinning rate of the blades is gradually reduced. Then the vehicle slowly comes down and 

touches the ground without any damage. It is believed that the thrust is proportional to the square of the 

spin rates. 

Supposing we want the drone to move forward, then the two blades on the back side (opposite side to 

the direction of motion), marked in green below, are spun at a greater speed than those in the forward 

direction, marked in violet in the figure. Following Newton’s third law, the backside would receive a  

The Basic Physics of Drones 
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greater upward force than the front side. The net result is the lifting up 

of the back portion compared to the front part as shown in the figure. 

Please note that there will always be a resistive force, called drag, due 

to the air medium. 

Therefore, a component of the total force acting horizontally along the 

forward direction on the body emerges in addition to the vertical force 

component balancing the weight. This makes the drone move forward – with the forward edge slightly 

dipped compared to the backward edge! This can be noticed on a slowly flying quadcopter. 

Alternatively, a drone can be made to move backward from its hovering position, if the front blades are 

spun faster than the rear ones. This is a simple, but ingenious, idea employed for moving a quadcopter 

horizontally.  

Similarly, movements to the left and right can be achieved by differentially spinning the right or left pair 

of blades. The speed of the linear motion depends on the difference in the spinning rates of the left and 

right pair of blades over and above the hovering spin rates. 

We also see a drone turning clockwise or anticlockwise about a vertical axis in addition to the linear 

motions discussed above.  

They are called yaw motions. How are such turnings achieved? Let us say the blades with violet colour 

are spinning in an anticlockwise manner while coloured green are spinning in a clockwise manner. 

Remember that such diagonal pairing of blades is required for stability, as discussed earlier. Let us say 

we enhance the spinning rates of the violet blades compared to the rates of the green ones, then there is 

a net angular motion of the blades in an anticlockwise manner. Hence, the body of the drone starts 

spinning or turning in a 

clockwise manner, following 

Newton’s third law for the 

conservation of angular 

momentum. Amazingly, the 

spin rates control all possible 

motions of the drone! 

Alternatively, if the green-

coloured blades are spun at a 

higher rate than the violet ones, 

the body of the drone turns in an anticlockwise manner as illustrated in the picture. 

The central part of the drone houses batteries, control systems, motors, communication units, cameras 

etc. depending on the model. There are very many variations over this basic quad-copter design, such as 

those with a greater number of arms and those with a greater number of blades etc. It is nice to understand 

how manipulating the spinning rates of blades leads to drone motion at the basic level!  

****** 
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Indian factories and cities unload pollutants and untreated organic material into our rivers, lakes and 

ponds. This makes their water unfit for drinking or bathing or both, depending on the extent of pollution. 

More than 320 out of 521 rivers monitored for water quality by the Central Pollution Control Board 

(CPCB) in 2016 were found to be polluted (whose water is not fit for drinking). A 2015 CPCB report 

found that the number of polluted rivers in India increased from 121 to 275, and to 351 in 2018. 

In 2019, as per the World Air Quality Report, India had the highest population-weighted annual average 

particulate matter (PM)2.5 exposure in the world at 83.2 micrograms per cubic metre (µg/m3) of air. 

The World Health Organization’s (WHO) safe limit for weighted annual average PM2.5 exposure is 

only 10 µg/m3. India was in the least healthy category of exposure, between 75 and 85 µg/m3. Over the 

period 2010–19, the country had seen the third-highest increase in exposure after Nigeria and 

Bangladesh at 6.5 µg/m3 over this period. India’s general quality of air suggests a state of emergency. 

India’s air, water and environment are all severely polluted. Modi 2.0 needed to address the pollution 

problem as an emergency. 

Control of the pollution scheme did not make much difference 

The Control of Pollution scheme has been operational since 2018. The main objectives of the scheme 

are to monitor air quality across the country and take appropriate mitigation measures, besides 

monitoring water quality and noise levels. 

There are four components of the scheme: 

1. Financial Assistance for Abatement of Pollution (AAP) to the weaker state pollution control 

boards/ pollution control committees (SPCBs/PCCs) and to the central pollution control board 

(CPCB), 

2. Managing the National Clean Air Programme (NCAP), 

3. Measuring quality through the Environmental Monitoring Network Programme (EMNP), and 

4. Conducting related research and outreach programmes. 

Actual expenditure under the CoP scheme was Rs 599.91 crore in 2022– 23 and pegged at Rs 848 crore 

in 2023–24 RE. The expenditure under the programme has gradually increased from Rs 409 crore in 

2019–20. The funds under the scheme are essentially released to the CPCB, which, in turn, passes on 

most of it to the state pollution control boards. 

The funds under the AAP component are spent on pollution abatement activities, including pollution 

assessment – source monitoring, monitoring of ambient air, water and noise, conducting technical studies 

and the like. This component functions more as maintenance of the system created to monitor quality. 

The NCAP component, initiated in January 2019, supports a more focused intervention. The objective 

was to improve air quality in 131 select cities by reducing the PM10 concentration over the baseline  

Pollution of Air, Water and Land in India 

Subhash Chandra Garg 
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2017 by 20–30 per cent by 2024 (later revised to 40 per cent by 2025–26 relative to base year 2019–20). 

A total of 885 stations have been made operational to monitor air quality in these 131 cities. The 

MoEFCC Annual Report 2023–24 reports that city-level action plans had been prepared for all the cities. 

Further, ninety cities showed improvement in air quality in 2022–23 compared to base 2017 and fifteen 

cities conformed to national ambient air quality standards compared with six cities in 2017. 

Unfortunately, the extent of improvement in these ninety cities, even after the programme had run for 

more than four years, was not specified. Admittedly, in the forty-one remaining cities, the air quality 

deteriorated or stayed stagnant. 

Environment Ministry kept diluting/postponing standards for thermal power plants 

The MoEFCC notified eighty-one standards across industries, including for major polluting industries, 

such as thermal power plants, sugar industry, cement industry and fertilizer industry, among others. The 

implementation of standards, however, was not that satisfactory. 

A case in point is the notification of stringent emissions limits issued for sulphur dioxide, nitrogen 

oxides, particulate matter, mercury and water usage in coal-based thermal power plants. The standards 

were first notified in 2015 and were to be complied with by 2017. In 2017, the power plants were granted 

a five-year extension (till December 2022) to meet the deadlines in a phased manner. Eleven plants in 

Delhi-NCR were to comply with the norms by 2019. 

The MoEFCC kept diluting the standards after extending the deadline to 2019/2022. In June 2018, the 

water norms for units installed after January 2017 were diluted from 2.5 m3/MWh to 3 m3/MWh. In 

May 2019, the nitrogen oxide (NOx) norms for units installed in 2004–16 were diluted from 300 mg/ 

Nm3 to 450 mg/Nm3. In March 2021, the MoEFCC issued a notification specifying new deadlines for 

compliance, with the norms based on the location of the coal thermal power plants. In September 2022, 

the MoEFCC further extended the sulphur oxide (SOx) standards deadline to 2024. 

There was only limited progress in making the thermal coal plants comply with the environmental 

standards, diluted notably in the nine years ending March 2024. 

Commission on Air Quality made little difference to Delhi’s air pollution 

The government, in a bid to deal with the rising air pollution in Delhi-NCR, first brought an ordinance 

on 29 October 2020 – the Commission for Air Quality Management in National Capital Region and 

Adjoining Areas Ordinance 2020 – to put in place an oversight body which would have functions, 

including laying down parameters of air quality and environmental pollutants, to inspect premises 

violating the law and ordering closure of non-abiding industries/plants. 

After a little flip-flop in which the Commission was denotified, a statutory commission was constituted 

on 23 April 2021 through the Commission for Air Quality Management in NCR and Adjoining Areas 

Act, 2021. The adjoining areas where the act is in force include Punjab, Haryana, Rajasthan and Uttar 

Pradesh, and adjoining areas of the NCR region and Delhi, where any source of pollution is located and 

is hurting air quality in the National Capital Region (NCR). 
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As per a press release issued by the government in 2023, the Commission for Air Quality Management 

in NCR and Adjoining Areas (CAQM) did undertake “considerable action” for the prevention and 

control of air pollution in Delhi-NCR and adjoining areas, which resulted in “general improvements in 

the AQI level” of the NCT Delhi. 

The press release further informed that the commission adopted an airshedlike approach and issued a 

comprehensive policy to curb air pollution in the NCR in July 2022. The policy has sector-wise action 

plans for the prevention and control of air pollution in the region by various sectors contributing to air 

pollution. The commission also issued seventy-eight directions and eleven advisories, besides many 

executive orders to various agencies concerned in the NCR, including the state governments of Punjab, 

NCTD and various bodies of the central and the state governments in the region. 

Separately, a Graded Response Action Plan (GRAP) was formulated and notified by the MoEFCC in 

January 2017 on the recommendation of CPCB for Delhi-NCR to tackle the issue of a sudden rise in air 

pollution levels. A comprehensive review of actions listed under GRAP was carried out by CPCB in 

2020. Based on these inputs, the revised GRAP was published by the CAQM and further action was 

taken for its implementation. 

While the government claimed improvement in air quality, the winter of 2023–24 witnessed the worst 

air pollution in Delhi and NCR. The “End of Winter Report 2023–24: Spread and scale of air pollution 

crisis in India’ issued by the Centre for Science and Environmental Analysis, noted that the ‘toxic air 

pollution came back to trouble the public yet again this winter”. 

The air quality began to worsen much earlier than usual due to low rains in September–October and was 

made even worse due to low wind speed throughout the season. The report concluded that North and 

East India remained the most polluted regions of the country. The “air quality in North India was 

significantly worse this winter compared to the previous winter”. There was no improvement in the 

quality of air in Delhi, the seat of the Modi government, during 2019–24. 

Reference 

Subhash Chandra Garg, The Ten Trillion Dream Dented: The State of the Indian Economy and Reforms 

in Modi 2.0 (2019-2024), Penguin Indian. 

****** 

Einstein and the Car 

One day, Albert Einstein was driving through the countryside when he was pulled over by a police 

officer. 

The officer said, “Sir, you were going 80 miles per hour in a 55 zone!” 

Einstein replied, “I didn’t realize! I was just trying to get to my next lecture on relativity!” 

The officer, not impressed, asked, “And what does that have to do with your speeding?” 

Einstein grinned and said, “Well, officer, in my mind, I was still moving at the speed of light!” 

The officer shook his head and said, “Just remember, you can’t outrun the law, even if you’re a 

genius!” 
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                                                      *ತರಲ = ದರವ / ಅನಿಲ 

                                              (Fluid Dynamics – An Overview) 

 ಸುಮಾರು 437 ವರ್ಷಗಳ ಹಿಂದಿನ ಪ್ರಸಿಂಗ. ಯೂರ ೂೋಪ್ ಪ್ರದ ೋಶದ ಸಿಂಸ್ಾಾನಗಳು ರಾಜಕೋಯ ಹಾಗೂ ಧಾರ್ಮಷಕ 

ಪ್ರಭಾವಕ್ಾಾಗಿ ತಮ್ಮತಮ್ಮಲ ಲೋ ಸ್ ಣ ಸ್ಾಟ ನಡ ಸುತ್ತದಿದವು. ಅಿಂತಹ ಒಿಂದು ಕದನಕ್ ಾ ರ ೂೋಮ್ನ್ ಕ್ಾಾಥ ೂಲಿಕ್ ಮ್ತದ ಸ್ ಪೈನಿನ 

ಒಡ ಯ ಇಮ್ಮಡಿ ಫಿಲಿಪ್ ಸಜ್ಾಾಗಿದದರ , ಪ್ರರಟ ಸ್ ಟಿಂಟ್ ಮ್ತದ ಇಿಂಗ ಲಿಂಡಿನ ರಾಣಿ ಎಲಿಜಬ ತ್ ತನನ ಸಿಂಸ್ಾಾನದ ಅಸ್ತಿತವಕ್ಾಾಗಿಯೋ 

ಹ ೂೋರಾಡಬ ೋಕ್ಾದ ಅನಿವಾಯಷದ ಸ್ತಾತ್ತ ನಿಮಾಷಣವಾಗಿತುಿ. ಈ ಅವಸ್ ಾಯು 1588ರ ಆಗಸ್ಟಟ 8ರಿಂದು ಇಿಂಗಿಲಷ್ ಚಾನಲ್ 

ಸಮ್ುದರತ್ತೋರವನುನ ರಣರಿಂಗವನ್ಾನಗಿ ಪ್ರಿವತ್ತಷಸ್ತತುಿ. ಸ್ ಪೈನ್-ಇಿಂಗ ಲಿಂಡಿನ ನಡುವ  ಯೂರ ೂೋಪಿನ ಇತ್ತಹಾಸದಲ ೂಲಿಂದು 

ನಿಣಾಷಯಕ ನ್ೌಕ್ಾಯುದಧ ನಡ ಯಲಿತುಿ.  

ಸ್ ಪೈನ್ ನ್ೌಕ್ಾಸ್ ೈನಾದ ಹಡಗುಗಳು ಸ್ ೈನಿಕರಿಿಂದ ತುಿಂಬಿದದವು. ಅಿಂದಿನ ಯಾವುದ ೋ ಹಡಗನುನ ಧ್ವಿಂಸಮಾಡಬಲ್ಲ 50 ಪೌಿಂಡುಗಳ 

ತೂಕದ ಲ ೂೋಹದ ಗುಿಂಡನುನ ಹಾರಿಸುವಿಂತಹ ಭಾರವಾದ ತ ೂೋಪ್ುಗಳಿಂದ ಆ ಹಡಗುಗಳು ಕೂಡಿದದರಿಿಂದ, ಮ್ಿಂದಗತ್ತಯಲಿಲ 

ಮಾತರ ಚಲಿಸಬಲ್ಲವಾಗಿದದವು. ಇವುಗಳಗ  ವಿರುದಧವಾಗಿ ಇಿಂಗ ಲಿಂಡಿನ ಸಣಣ ಹಡಗುಗಳು ಕಡಿಮೆ ಸ್ ೈನಿಕರಿಿಂದ, ಹಗುರವಾದ 

ತ ೂೋಪ್ುಗಳಿಂದ ಕೂಡಿದದರಿಿಂದ, ವ ೋಗವಾಗಿ ಚಲಿಸುವ ಸ್ಾಮ್ರ್ಥಾಷ ಹ ೂಿಂದಿದದವು. ಯುದಧದ ದಿನದಿಂತಾಕ್ ಾ ಇಿಂಗ ಲಿಂಡಿನ 

ನ್ೌಕ್ಾಸ್ ೈನಾ ಜಯಕೋತ್ತಷ ಹಾಡಿತುಿ; ಯೂರ ೂೋಪಿನ ಅತಾಿಂತ ಪ್ರಬಲ್ ನ್ೌಕ್ಾಸ್ ೈನಾ ಎಿಂಬ ಹ ಗಗಳಕ್  ಸಿಂಪಾದಿಸ್ತತುಿ. 

ಮ್ುಿಂಬರಲಿದದ ಎಲಾಲ ನ್ೌಕ್ಾಯುದಧಗಳಗ  ವ ೋಗವಾಗಿ ಕರರ್ಮಸಬಲ್ಲ ಹಡಗುಗಳು ಅತಾವಶಾಕ ಎಿಂಬ ಪಾಠ ಅರಿತಾಗಿತುಿ. ಹಡಗಿನ 

ವಿನ್ಾಾಸಕ್ಾರರಿಗ  ಇಲ ೂಲಿಂದು ಸಮ್ಸ್ ಾ ಎದುರಾಯಿತು – ಹಡಗಿನ ವ ೋಗವನುನ ಹ ಚ್ಚಿಸುವ ವಿಧಾನವ ೋನು ಎಿಂಬುದು. ನಿಖರವಾಗಿ 

ಹ ೋಳಬ ೋಕ್ಾದರ , ಹಡಗಿನ ಚಲ್ನ್ ಯಿಿಂದ ನಿೋರಿನಲಿಲ ಘರ್ಷಣಾಬಲ್ವನುನ (drag force) ತಗಿಗಸಲ್ು ಹಡಗಿನ ತಳದ ವಿನ್ಾಾಸ 

ಹ ೋಗಿರಬ ೋಕು? ಇದನುನ ಸಮ್ಪ್ಷಕವಾಗಿ ಉತಿರಿಸಲ್ು ತರಲ್ಶಾಸರದ (fluid dynamics) ಅಧ್ಾಯನ ಅವಶಾವಾಯಿತು.  

ಪ್ುರಾತನ ಕ್ಾಲ್ದಿಿಂದ ಹಲ್ವಾರು ನ್ಾಗರಿಕತ ಗಳು ಮೆೋಲಾಗಲ್ುವ ಗಳನುನ (aqueducts), ಅಣ ಕಟುಟಗಳನುನ, ಜಲ್ಚಕರಗಳನುನ, 

ಚರಿಂಡಿ ಹಾಗೂ ಕುಡಿಯುವ ನಿೋರಿನ ವಾವಸ್ ಾಗಳನುನ, ಹೋಗ  ಹಲ್ವಾರು ದಿನನಿತಾದ ಜೋವನದ ಸ್ಾಧ್ನಗಳನುನ ನಿೋರಿನ 

ಚಲ್ನವಲ್ನದ ತ್ತಳುವಳಕ್ ಯಿಿಂದಲ್ೂ, ಅನುಭವದಿಿಂದಲ್ೂ ಬಳಸುತಾಿ ಬಿಂದಿವ . ದರವದ ವತಷನ್ ಯ ಸೂಕ್ಷ್ಮಜ್ಞಾನ ಇಿಂತಹ 

ಹಲ್ವಾರು ವಾಸಿವಿಕ ಸಿಂದಭಷಗಳಿಂದ ಶತಮಾನಗಳಿಂದ ಬ ಳ ದುಬಿಂದಿದ . ಇದನುನ ಆಧ್ರಿಸ್ತದ ತಿಂತರಜ್ಞಾನವು ವ ೈಜ್ಞಾನಿಕ 

ಕರಮ್ದಿಿಂದ ಸಿಂಪಾದಿಸ್ತದ ಜ್ಞಾನವನುನ ಜೋವನದ ಅನುಕೂಲ್ತ ಗ  ಬ ೋಕ್ಾದ ಉಪ್ಕರಣಗಳ ವಿನ್ಾಾಸಕ್ ಾ  ಅನವಯಿಸುತಿದ . 

ಹಾಗಾಗಿ, ತರಲ್ಶಾಸರಕ್ ಾ ಸಿಂಬಿಂಧ್ಪ್ಟಟ ಮ್ೂಲ್ಭೂತ ವಿರ್ಯಗಳು ಹೋಗಿರುತವಿ  – ಸ್ಾಗರದ ಮೆೋಲ  ತರಿಂಗಗಳು ಹ ೋಗ  

ಸಿಂಭವಿಸುತಿವ ? ಮೋಡಗಳು ರೂಪ್ುಗ ೂಳುುವ ಪ್ರಕರಯ ಏನು?  
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ತರಲ್ವಸುಿವಿನಲಿಲ ಕರರ್ಮಸುವ ಕ್ಾಯದ ವ ೋಗಕ್ ಾ ಅನುಗುಣವಾಗಿ ಅದು ಅನುಭವಿಸುವ ಘರ್ಷಣಾಬಲ್ವ ರ್ುಟ? ನಮ್ಮ ಹೃದಯದಿಿಂದ 

ಶಾವಸಕ್ ೂೋಶಗಳಗ  ಹಾಗೂ ಅಿಂಗಾಿಂಗಗಳಗ  ರಕಪಿ್ರಿಚಲ್ನ್ ಯಾಗುವ ಬಗ  ಹ ೋಗ ? ಹಕಾಯು ತನನ ರ ಕ್ ಾಗಳನುನ ಬಡಿದು 

ಗಾಳಯಲಿಲ ಹ ೋಗ  ಹಾರಬಲ್ಲದು? ಚಿಂಡಮಾರುತ ಉದಭವಿಸುವ ಕ್ಾರಣವ ೋನು ಹಾಗೂ ಹ ೋಗ  ವಿಕಸನವಾಗುತದಿ ? ಅಷ ಟೋ ಏಕ್ , 

ಸೂಯಷನಿಂತಹ ನಕ್ಷ್ತರಗಳು ಹ ೋಗ  ಹುಟ್ಟಟ, ಬ ಳ ದು, ಅಿಂತಾ ಕ್ಾಣುತಿವ ? - ಹೋಗ  ಗಣನ್ ಗ  ರ್ಮೋರಿದ ವಿರ್ಯಗಳ ಅಪಾರ ವಾಾಪಿ ಿ

ಹ ೂಿಂದಿದ  (ಚ್ಚತರ 1 ನ್ ೂೋಡಿ). ಈ ವಿಶಾಲ್ವಾದ ಕ್ ೋತರದ ಸಿಂಕ್ಷಿಪ್ಿ ಪ್ರಿಚಯ ಮಾಡಿಸುವ ಸಲ್ುವಾಗಿ ಪ್ರಸುತಿ ಲ ೋಖನದಲಿಲ 

ತರಲ್ಶಾಸರದಲಿಲ ಬಳಸುವ ವ ೈಜ್ಞಾನಿಕ ವಿಧಾನಗಳ ಹಾಗೂ ಅದರ ವಿವಿಧ್ ಸಮ್ಸ್ ಾಗಳ ಮೆೋಲ ೂಿಂದು ನಸುನ್ ೂೋಟ ಹಾಕ್ ೂೋಣ. 

ಮೆೋಲಾಗಿ, ಇದರ ಅಧ್ಾಯನಕ್ ಾ ಶಾಲಾ-ಕ್ಾಲ ೋಜುಗಳಲಿಲ ಬ ೂೋಧಿಸಲಾಗುವ ಯಾವ ಲಾಲ ವಿರ್ಯಗಳ ಪ್ರಿಣಿತ್ತ ಅಗತಾ ಎಿಂದು 

ತ್ತಳದುಕ್ ೂಳ ್ ುೋಣ. 

   

  

 

  

ಚ್ಚತರ 1 – ತರಲ್ಶಾಸರಕ್ ಾ ಸಿಂಬಿಂಧಿಸ್ತದ ವಿರ್ಯಗಳ ಅಪಾರ ವಾಾಪಿಿಯ ಒಿಂದು ಚ್ಚತರನ್ ೂೋಟ.  

ಭೌತಶಾಸರದಲಿಲ ದರವಾದ ಸ್ತಾತ್ತಗಳು ಮ್ೂರ ಿಂದು ನ್ಾವು ಕಲಿಯುತ ೋಿವ  – ಘನ, ದರವ ಮ್ತುಿ ಅನಿಲ್. ಘನವಸುಿವಿನ ಕಣಗಳು 

ಸ್ತಾರ ಜ್ಾಲ್ಕದಲಿಲ (fixed lattice) ಇರುವ ಕ್ಾರಣ ವಸುಿವು ನಿದಿಷರ್ಟ ಆಕ್ಾರ ಹ ೂಿಂದಬಲ್ಲದು. ಬಾಹಾ ಒತಡಿದಿಿಂದ 

ವಿರೂಪ್ಗ ೂಳುುತಿದ , ಒತಿಡ ಹ ಚಾಿದಲಿಲ ಕಣ-ಕಣಗಳ ನಡುವಿನ ಬಿಂಧ್ಗಳು  ಸಡಿಲ್ಗ ೂಿಂಡು ವಸುವಿು ಮ್ುರಿಯುತಿದ . ಆದರ  

ದರವ ಮ್ತು ಿ ಅನಿಲ್ ಸ್ತಾತ್ತಗಳಲಿಲ, ಅಿಂದರ  ತರಲ್ ಸ್ತಾತ್ತಯಲಿಲ, ವಸುಿವಿನ ಕಣಗಳು ಸ್ತಾರವಾಗಿ ನಿಲ್ಲದ , ಸವತಿಂತರವಾಗಿ ಎಲಾಲ 

ದಿಕಾನಲ್ೂಲ ಚಲಿಸುತ್ತಿರುತ್ತಿರುವ ಕ್ಾರಣದಿಿಂದ ಸವಿಂತ ಆಕ್ಾರವಿಲ್ಲದ , ಸಿಂಗಾರಹಕದ ಆಕ್ಾರವನ್ ನೋ ಪ್ಡ ಯುತಿದ , 

ಒತಿಡಕ್ ೂಾಳಗಾದಾಗ ಸರಾಗವಾಗಿ ಹರಿಯುತದಿ . ಇವ ಲ್ಲವೂ ನಮ್ಮ ಸ್ಾಮಾನಾ ಅನುಭವವೂ ಹೌದು.  
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ಘನವಸುಿಗಳು ಬಾಹಾ ಒತಡಿಕ್ ೂಾಳಗಾದಾಗ ಎಷ ಟರ್ುಟ ಪ್ರಮಾಣದಲಿಲ ವಿರೂಪ್ವಾಗುತಿವ ? ಘನ ಸ್ತಾತ್ತಯಲಿಲರುವ ವಿವಿಧ್ 

ಪ್ದಾರ್ಥಷಗಳ ಮ್ುರಿತದ ಕರಯಾವಿಧಾನಗಳ ೋನು? ಎಿಂಬುದು ಘನಶಾಸರದ (solid mechanics) ವಿರ್ಯಗಳಾಗಿದದರ , 

ತರಲ್ವಸುಿವಿನ ಹರಿವಿನ ಚಲ್ನವಲ್ನದ ನಿಖರವಾದ ವಿಶ ಲೋರ್ಣ  ತರಲ್ಶಾಸರದ ಮ್ುಖಾ ಉದ ದೋಶ. ಅದಕ್ಾಾಗಿ ಬಳಸುವ ಮ್ೂರು 

ಪ್ರಮ್ುಖ ವಿಧಾನಗಳ ಪ್ರಿಚಯ ಮಾಡಿಕ್ ೂಳ ್ ುೋಣ. 

1. ಪ್ಾರಯೋಗಿಕ ವಿಧಾನಗಳು (Experimental methods)   

ವಿಜ್ಞಾನದ ಹಲ್ವಾರು ಕ್ ೋತರಗಳಲಿಲಯಿಂತ  ತರಲ್ಶಾಸರದ ಬ ಳವಣಿಗ ಯ ಆರಿಂಭಿಕ ಶತಮಾನಗಳಲಿಲ ಪ್ರಯೋಗಗಳು ಮ್ುಖಾ 

ಪಾಲ್ು ವಹಸ್ತವ ; ಅವು ಇಿಂದಿಗೂ ನಮ್ಮ ಜ್ಞಾನವಧ್ಷನ್ ಯ ಪ್ರಮ್ುಖ ವಿಧಾನಗಳು. ಒಿಂದು ವಿದಾಮಾನವನುನ ಸಮ್ಪ್ಷಕವಾಗಿ 

ಅಥ ೈಷಸ್ತಕ್ ೂಳುುವ ಉದ ದೋಶದಿಿಂದ ರಚ್ಚತವಾದ ಪ್ರಯೋಗವು ವ ೈಜ್ಞಾನಿಕ ತನಿಖ ಯ ಮ್ೂಲ್ ವಿಧಾನ. ತರಲ್ಶಾಸರಜ್ಞರು  

ಬಹುತ ೋಕ ಪ್ರಯೋಗಗಳನುನ ತರಲ್ವಸುಿಗಳ ಮ್ೂಲ್ಭೂತ ಕರಯಗಳನುನ ನಿಖರವಾಗಿ ವಿಶ ಲೋಷಿಸುವ ಧ ಾೋಯಕ್ಾಾಗಿ 

ರಚ್ಚಸುತಾಿರ . ಉದಾಹರಣ ಗ , ಸುಿಂಟರುಗಾಳಯಲಿಲ ಸುಳಯಿಂರ್ಥ ಚಲ್ನ್ ಯ ಕ್ಾರಣವ ೋನು? ಅದರ ಕಣಿಣನಿಿಂದ ಅಿಂಚ್ಚನವರ ಗ  

ಗಾಳಯ ಒತಿಡ ಹ ೋಗ  ಬದಲಾಗುತದಿ ? ನದಿಯಲಿಲ ಕ್ಾಣುವ ಸುಳಗೂ, ಇದಕೂಾ ಹ ೂೋಲಿಕ್ ಯಿದ ಯ? ಇಿಂತಹ ಪ್ರಶ ನಗಳಗ  

ಗುಣಾತಮಕ (qualitative) ಉತಿರಗಳಲ್ಲದ  ಪ್ರಿಮಾಣಾತಮಕ (quantitative) ಕ್ ೂಡುವ ಸಲ್ುವಾಗಿ ಗಾಳಯ ಒತಿಡದ, 

ವ ೋಗದ ನಿಖರ ಮಾಪ್ನಗಳನುನ ತ ಗ ದುಕ್ ೂಳುುತಾಿರ . ಇದಕ್ಾಾಗಿ ಅಿಂತಹ ವಿದಾಮಾನಗಳನುನ ಸಣಣ ಮಾದರಿಯ ಮ್ೂಲ್ಕ 

ಪ್ುನರಾವತ್ತಷಸ್ತ (ಪ್ರಸುಿತ ಉದಾಹರಣ ಗ  ಬಹುಶಃ ಒಿಂದು ಸಣಣ ತ ೂಟ್ಟಟಯಲಿಲ ಸುಳಯನುನ ನಿರ್ಮಷಸ್ತ) ಅದರ ಮೆೋಲ  ನ್ಾನ್ಾ 

ರಿೋತ್ತಯ ಪ್ರಯೋಗಗಳನುನ ಮಾಡುತಾಿರ . ಇವುಗಳ ಸೂಕ್ಷ್ಮ ಪ್ರಿಶೋಲ್ನ್ ಯ ಮ್ೂಲ್ಕ ರಚ್ಚಸಲ್ಪಡುವ ಗಣಿತದ ಸರ್ಮೋಕರಣಗಳು 

(mathematical equations) ಆ ವಿದಾಮಾನದ ಆಳವಾದ ತ್ತಳುವಳಕ್ ಯನುನ ನಿೋಡುತವಿ .  

 
 

 
 

ಚ್ಚತರ 2(ಎ) – ಹಾಸನ ಜ್ ಲ ಲಯ ಗ ೂರೂರಿನಲಿಲರುವ ಹ ೋಮಾವತ್ತ ಜಲಾಶಯದ ಮ್ುಿಂಭಾಗದಲಿಲ ಅಳವಡಿಸಲಾಗಿರುವ, 
ನಿೋರಿನ ಹರಿವನುನ ನಿಯಿಂತ್ತರಸುವ 'ಸೂಲೂಸ್ಟ ಗ ೋಟ್' ಸ್ಾಧ್ನವನುನ ನಿೋರು ಹರಿದುಬರುವ ಕ್ಾಲ್ುವ ಯ ಮೆೋಲಿನ ಭಾಗದಲಿಲ 
ನ್ ೂೋಡಬಹುದು. ಚ್ಚತರ 2(ಬಿ) - ಪ್ರಯೋಗಾಲ್ಯದಲಿಲರುವ 'ಸೂಲೂಸ್ಟ ಗ ೋಟ್'ನ ಸಣಣ ಮಾದರಿ.  

 

ಸ್ತ್ ಯೂಸ್ ಗ ೋಟ್ ಸ್ತ್ ಯೂಸ್ ಗ ೋಟ್ ನ ಮಾದರಿ 
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ತಿಂತರಜ್ಞಾನದಲಿಲ ಸ್ಾಧ್ನಗಳ ವಿನ್ಾಾಸ ಮ್ತುಿ ಅಭಿವೃದಿಧಗೂ ಪ್ರಯೋಗಗಳು ಅತಾವಶಾಕ. ಉದಾಹರಣ ಗ , ಒಿಂದು ನದಿಗ  

ಅಡಡಲಾಗಿ ಒಿಂದು ಆಣ ಕಟುಟ ನಿಮಾಷಣವಾಗಬ ೋಕದ  ಎಿಂದಿಟುಟಕ್ ೂಳ ್ ುೋಣ. ಅಣ ಕಟ್ಟಟನ ಆಕ್ಾರ, ಆಯಾಮ್ಗಳು, ಅಡಿಪಾಯದ 

ರಿೋತ್ತ, ಮ್ತುಿ ಹಲ್ವಾರು ಪ್ರಶ ನಗಳಗ  ಎಿಂಜನಿಯರುಗಳು ಸೂಕಿ ಲ ಕ್ಾಾಚಾರಗಳಿಂದ ಅಿಂದಾಜು ಮಾಡಿರುತಾಿರ . ಆ 

ಲ ಕ್ಾಾಚಾರಗಳನುನ ಆಧ್ರಿಸ್ತ ಆಣ ಕಟುಟ ನಿರ್ಮಷತವಾದಲಿಲ ಎಿಂಜನಿಯರುಗಳ ನಿರಿೋಕ್ಷ್ಣ ಯಿಂತ  ಕ್ಾಯಷನಿವಷಹಸುತಿದ ಯ ಎಿಂಬ 

ಪ್ರಶ ನಯನುನ ಅದನುನ ಕಟ್ಟಟದ ನಿಂತರವ ೋ ಉತಿರಿಸಲಾಗುವುದ ? ಇಲ್ಲ. ಅಣ ಕಟ್ಟಟನ ವಿನ್ಾಾಸದ ಸೂಕಿತ ಯನುನ 

ಖಚ್ಚತಪ್ಡಿಸ್ತಕ್ ೂಳುಲ್ು ಅದ ೋ ಆಕ್ಾರದ ಸಣಣದ ಮಾದರಿಯನುನ ನಿರ್ಮಷಸ್ತ, ವಿವಿಧ್ ಪ್ರಯೋಗಗಳ ಮ್ೂಲ್ಕ ಬ ೋಕ್ಾದ 

ಅಿಂಶಗಳನುನ ಪ್ರಿಶೋಲಿಸಬಹುದು (ಚ್ಚತರ 2 ನ್ ೂೋಡಿ). ಹೋಗ  ವಿನ್ಾಾಸದ ಸುರಕ್ಷ್ತ , ಕ್ಾಯಷಕ್ಷ್ಮ್ತ ಯನುನ ದೃಢೋಕರಿಸ್ತಕ್ ೂಿಂಡ 

ನಿಂತರವ ೋ ಎಿಂಜನಿಯರುಗಳು ವಿನ್ಾಾಸವನುನ ಅಿಂತ್ತಮ್ಗ ೂಳಸುತಾಿರ .  

ಇದರಿಂತ ಯೋ ನಮ್ಮ ಭಾರತ್ತೋಯ ಲ್ಘು ಯುದಧ ವಿಮಾನ (Light Combat Aircraft) - ತ ೋಜಸ್ಟ ನ (ಚ್ಚತರ 3 ನ್ ೂೋಡಿ) ವಿನ್ಾಾಸದ 

ಹಿಂತದಲಿಲ ಎಿಂಜನಿಯರುಗಳು ಅದರ ಸಣಣ ಗಾತರದ ಮಾದರಿಯನುನ {ಚ್ಚತರ 3(ಬಿ)} ಬ ಿಂಗಳ್ರಿನ ರಾಷಿರೋಯ ವ ೈಮಾಿಂತರಿಕ್ಷ್ 

ಪ್ರಯೋಗಾಲ್ಯದಲಿಲ (National Aerospace Laboratories) ಸ್ಾಾಪಿಸ್ತರುವ ಗಾಳಸುರಿಂಗದಲಿಲಟುಟ (wind tunnel) ಹಲ್ವಾರು 

ಪ್ರಯೋಗಗಳ ಮ್ೂಲ್ಕ ಅದರ ಹಾರಾಟದ ಕ್ಾಯಷಕ್ಷ್ಮ್ತ ಯನುನ ನಿಖರವಾಗಿ ದೃಢೋಕರಿಸ್ತಕ್ ೂಿಂಡರು; ವಿಮಾನವನುನ 

ನಿರ್ಮಷಸುವ ಮ್ುನನವ ೋ ಅದರ ಬಹುತ ೋಕ ಗುಣಲ್ಕ್ಷ್ಣಗಳನುನ ತ್ತಳದುಕ್ ೂಿಂಡರು. ಇದರ ಮೆೋಲಾಗಿಯೂ ಅದರ ಪ್ೂಣಷ 

ಪ್ರಮಾಣದ ಮ್ೂಲ್ಮಾದರಿಗಳ (prototype) ಮೆೋಲ  ಇನೂನ ಹಲ್ವಾರು ಪ್ರಿೋಕ್ ಗಳನುನ ಮಾಡಿದರು. 

 

ಚ್ಚತರ 3(ಎ) - ಭಾರತ್ತೋಯ ವಾಯುಸ್ ೋನ್ ಯ ಬ ನ್ ನಲ್ುಬು ಆಗಲಿರುವ ಭಾರತ್ತೋಯ ಲ್ಘು ಯುದಧ ವಿಮಾನ (ತ ೋಜಸ್ಟ)ನ 
ಹಾರಾಟದ ಒಿಂದು ನ್ ೂೋಟ. ಚ್ಚತರ 3(ಬಿ) - ವಿನ್ಾಾಸದ ಹಿಂತದಲಿಲ ಅದರ ಸಣಣ ಗಾತರದ ಮೆೋಲ  ಬ ಿಂಗಳ್ರಿನ ರಾಷಿರೋಯ 
ವ ೈಮಾಿಂತರಿಕ್ಷ್ ಪ್ರಯೋಗಾಲ್ಯದಲಿಲರುವ ಗಾಳಸುರಿಂಗದಲಿಲ ನಡ ಸಲಾದ ಹಲ್ವಾರು ಪ್ರಯೋಗಗಳಲ ೂಲಿಂದಿನ ಚ್ಚತರ. 

ತರಲ್ಶಾಸರದಲಿಲ ಪ್ರಯೋಗದ ತಿಂತರಗಳು ಹಲ್ವಾರು. ವಿವಿಧ್ ದರವಗಳ ಪ್ದಾರ್ಥಷಗಳಗ , ಹರಿವಿನ ವ ೋಗಕ್ ಾ, ಪ್ರಿಶೋಲಿಸಬ ೋಕ್ಾದ 

ಪ್ರಕರಯಗಳ ಸವರೂಪ್ಕ್ ಾ, ಅವಶಾ ಮಾಪ್ನಗಳ ಆಯಾಗ  ತಕಾಿಂತ  ಸೂಕ ಿ ತಿಂತರಗಳನುನ ಬಳಸಲಾಗುತಿದ . ಅಿಂತಹ 

ಮಾಪ್ಕಗಳ, ಸಿಂವ ೋದಕಗಳ (sensors) ಆವಿಷಾಾರ, ಸಲ್ಕರಣ ಗಳ ವಿನ್ಾಾಸಕ್ ಾ ತರಲ್ಶಾಸರ ಮಾತರವಲ್ಲದ  ಭೌತಶಾಸರದ 

ವಿವಿಧ್ ಶಾಖ ಗಳ ಪ್ರಿಣಿತ್ತ ಅಗತಾ.  
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ಒಟಾಟರ  ಹ ೋಳಬ ೋಕ್ಾದರ , ಮ್ೂಲ್ಭೂತ ಮ್ತುಿ ಅನಿವತ (applied) ತರಲ್ಶಾಸರದಲಿಲ ಪ್ರಯೋಗಗಳ ಪಾತರ ಮ್ಹತವದುದ. 

ದಿನನಿತಾದ ಜೋವನಕ್ ಾ ಬ ೋಕ್ಾದ ಉಪ್ಕರಣಗಳಿಂದ ಹಡಿದು ಆಧ್ುನಿಕ ನ್ಾಗರಿಕತ ಗ  ಅವಶಾವಾದ ಅಣ ಕಟುಟಗಳ, ವಿಮಾನಗಳ, 

ಸ್ ೋತುವ ಗಳ, ಎತಿರದ ಕಟಟಡಗಳ, ಯುದಧ ಹಾಗೂ ಸ್ಾರಿಗ ಯ ಹಡಗುಗಳ, ಕ್ಷಿಪ್ಣಿಗಳ, ಬಾಹಾಾಕ್ಾಶ ನ್ೌಕ್ ಗಳ ವಿನ್ಾಾಸಕ್ ಾ 

ಮಾತರವಲ್ಲದ  ತರಲ್ಶಾಸರದ ಸ್ತದಾಧಿಂತಗಳ ರಚನ್ ಗ  ಪಾರಯೋಗಿಕ ವಿಧಾನಗಳು ಅನಿವಾಯಷ. ಈ ಸ್ತದಾಧಿಂತಗಳ ಬಗ ಗ ಈಗ 

ನ್ ೂೋಡ ೂೋಣ.  

2. ಸ ೈದಾಧಂತಿಕ ವಿಧಾನಗಳು (Theoretical methods) 

ಭೌತಶಾಸರದಲಿಲ ಸ್ತದಾಧಿಂತವ ಿಂದರ  ಪ್ರಯೋಗಗಳಿಂದ ಕಿಂಡುಬಿಂದ ಮಾಹತ್ತಗಳನುನ ಆಧ್ರಿಸ್ತ, ಗಣಿತದ ಮ್ೂಲ್ಕ ರಚ್ಚಸಲ್ಪಟಟ 

ಪ್ರಿಮಾಣಾತಮಕ ಸಿಂಬಿಂಧ್ಗಳು, ಹಾಗೂ ಒಿಂದು ವಿದಾಮಾನವನುನ ಕ್ಾರಣ-ಪ್ರಿಣಾಮ್ದ ದೃಷಿಟಯಿಿಂದ ವಿವರಿಸಬಹುದಾದ 

ತತಿವಗಳ ಸಿಂಗರಹ. ಉದಾಹರಣ ಗ , ಎರಡು ಕ್ಾಯಗಳ ನಡುವ  ಸಿಂಭವಿಸುವ ಗುರುತಾವಕರ್ಷಣ ಬಲ್ವನುನ ನೂಾಟನನನ 

ಗುರುತಾವಕರ್ಷಣ ನಿಯಮ್ಕ್ ಾ ಅನುಸ್ಾರವಾಗಿ ಈ ರಿೋತ್ತಯಾಗಿ ಬರ ಯಬಹುದು.  

𝐹 = 𝐺
𝑚1𝑚2

𝑟2  

ಮೆೋಲಿನ ಸರ್ಮೋಕರಣದಲಿಲ F – ಗುರುತಾವಕರ್ಷಣ ಬಲ್, m1, m2 – ಎರಡು ಕ್ಾಯಗಳ ರಾಶಗಳು, r – ಅವುಗಳ ನಡುವಿನ ಅಿಂತರ, 

ಮ್ತುಿ G – ಸ್ಾವಷತ್ತರಕ ಗುರುತವ ನಿಯತಾಿಂಕ (universal gravitational constant). ಮೆೋಲಿನ ನಿಯಮ್ದ ಜ್ ೂತ ಗ  

ನೂಾಟನನನ ಎರಡನ್ ಯ ಸಿಂವ ೋಗ ನಿಯಮ್ವು ಗುರುತಾವಕರ್ಷಣ ಯ ಪ್ರಭಾವದ ಅಡಿಯಲಾಲಗುವ ಎರಡೂ ಕ್ಾಯಗಳ 

ಚಲ್ನ್ ಯನುನ ಸಿಂಪ್ೂಣಷವಾಗಿ ವಿವರಿಸುತಿದ . ಇದನುನ ಗುರುತಾವಕರ್ಷಣದ ಸ್ತದಾಧಿಂತವ ನನಬಹುದ ೋ? ಇಲ್ಲ. ಯಾಕ್ ಿಂದರ , 

ಮೆೋಲಿನ ಸರ್ಮೋಕರಣವು ಗುರುತಾವಕರ್ಷಣ ಬಲ್ದ ಉದಭವದ ಕ್ಾರಣವನುನ ವಿವರಿಸುವುದಿಲ್ಲ. ಎರಡು ರಾಶಯುಳು ಕ್ಾಯಗಳ 

ನಡುವಿನ ಗುರುತಾವಕರ್ಷಣ ಬಲ್ದ ಪ್ರಮಾಣವನನಷ ಟೋ ನಿೋಡಬಲ್ಲದು. ಇದಕ್ ಾ ಬದಲಾಗಿ ಐನ್ ್ಟೈನನ ಸ್ಾಮಾನಾ ಸ್ಾಪ ೋಕ್ಷ್ತ ಯು 

(general relativity) ಒಿಂದು ಸ್ತದಾಧಿಂತ -  ಒಿಂದು ಭಾರವಾದ ಕ್ಾಯದಿಿಂದುಿಂಟಾಗುವ ದ ೋಶ-ಕ್ಾಲ್ದ (space-time) 

ವಕರತ ಯೋ ಗುರುತಾವಕರ್ಷಣ ಬಲ್ವಾಗಿ ಪ್ರಕಟವಾಗುತಿದ  ಎಿಂಬುದಾಗಿ ಅದರ ಉದಭವದ ಕ್ಾರಣವನುನ ವಿಶ ಲೋಷಿಸುತಿದ . 

ಮೆೋಲಿನ ಉದಾಹರಣ ಯ ಕ್ಾಯಗಳ ಚಲ್ನ್ ಯಿಂತ ಯೋ ತರಲ್ವಸುಿವಿನ ಚಲ್ನವಲ್ನಗಳನುನ ನಿಖರವಾದ ಗಣಿತ ರೂಪ್ದಲಿಲ 

ತ್ತಳಪ್ಡಿಸುವ ಉದ ದೋಶವನುನ ತರಲ್ಶಾಸರದಲಿಲ ಸ್ ೈದಾಧಿಂತ್ತಕ ವಿಧಾನಗಳು ಹ ೂಿಂದಿವ . ಆದರ  ಇಲ ೂಲಿಂದು ಸಮ್ಸ್ ಾಯಿದ  - 

ಮೆೋಲಿನ ಉದಾಹರಣ ಯಲಿಲರುವ ಬಿೋಜಗಣಿತದ (algebraic) ಸರ್ಮೋಕರಣದಿಂತ  ಸರಳ ರೂಪ್ ಹ ೂಿಂದಿಲ್ಲ. ಯಾಕ್ ಿಂದರ  ಅವು 

ಆಿಂಶಕ ಅವಕ್ಾಲ್ನ್ಾತಮಕ ಸರ್ಮೋಕರಣಗಳ (partial differential equations) ಸಮ್ೂಹ (ಚ್ಚತರ 4 ನ್ ೂೋಡಿ). ಇವುಗಳ 

ಸ್ಾವಷತ್ತರಕ ಪ್ರಿಹಾರಕ್ಾಾಗಿ (general solution) ಇಿಂದಿಗೂ ಗಣಿತಶಾಸರಜ್ಞರು, ಭೌತಶಾಸರಜ್ಞರು, ಎಿಂಜನಿಯರುಗಳು ಮ್ತು ಿ

ವಿಜ್ಞಾನದ ವಿವಿಧ್ ಕ್ ೋತರದ ತಜ್ಞರು ಯತ್ತನಸುತ್ತಿದಾದರ . ಇವುಗಳನುನ ಸರಿಸುಮಾರು 200 ವರ್ಷಗಳ ಹಿಂದ  ಸಮಾನಕ್ಾಲಿಕವಾಗಿ 

ಮ್ಿಂಡಿಸ್ತದ ಫ್ಾರನಿ್ನ ಕ್ಾಲಡ್-ಲ್ೂಯಿ ನ್ಾವಿಯರ್ ಮ್ತುಿ ಇಿಂಗ ಲಿಂಡಿನ ಜ್ಾರ್ಜಷ ಗ ೋಬಿರಯಲ್ ಸ್ ೂಟೋಕ್್ ಎಿಂಬ ವಿಜ್ಞಾನಿಗಳಬಬರ 

ಗೌರವಾರ್ಥಷವಾಗಿ ‘ನ್ಾವಿಯರ್-ಸ್ ೂಟೋಕ್್ ಸರ್ಮೋಕರಣಗಳು’ ಎಿಂದು ಹ ಸರಿಸಲಾಗಿದ . ಈ ಸಹಸರಮಾನದ ಆರಿಂಭದಲಿಲ 

ಅಮೆರಿಕ್ಾದ ‘ಕ್ ಲೋ ಗಣಿತ ಸಿಂಸ್ ಾ’ಯು (Clay Mathematical Institute) 2000ರ ಮೆೋ 8ರಿಂದು ನ್ಾವಿಯರ್-ಸ್ ೂಟೋಕ್್  
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ಸರ್ಮೋಕರಣಗಳನುನ ಗಣಿತದ 7 ಅತಾಿಂತ ಕಠಿಣ ಸಮ್ಸ್ ಾಗಳಲ ೂಲಿಂದಿಂತ  ಗುರುತ್ತಸ್ತ, ಪ್ರತ್ತಯಿಂದು ಸಮ್ಸ್ ಾಯ ಪ್ರಿಹಾರಕ್ ಾ 

ತಲಾ ಒಿಂದು ದಶಲ್ಕ್ಷ್ ಅಮೆರಿಕನ್ ಡಾಲ್ರುಗಳ (ಸುಮಾರು 7.5 ಕ್ ೂೋಟ್ಟ ರುಪಾಯಿಗಳು) ಬಹುಮಾನವನುನ ಘೂೋಷಿಸ್ತತು. ಈ 

7 ಸಮ್ಸ್ ಾಗಳಲಿಲ ಒಿಂದರ ಪ್ರಿಹಾರವನುನ 2003ರಲಿಲ ರಷಾಾದ ಗಣಿತಶಾಸರಜ್ಞ ಗ ರಗ ೂರಿ ಪ ರ ಲ್ಮನ್ ರವರು ಕ್ ೂಟಟರು; ಸಿಂಸ್ ಾಯ 

ಪ್ರತ್ತಷಿಿತ ಬಹುಮಾನದ ಹಣವನುನ ನಿರಾಕರಿಸ್ತ ಹಲ್ವರಲಿಲ ಅಚಿರಿ ಮ್ೂಡಿಸ್ತದರು. ಆದರ  ನ್ಾವಿಯರ್-ಸ್ ೂಟೋಕ್್ ಸರ್ಮೋಕರಣಗಳ 

ಸಮ್ಸ್ ಾ ಇನೂನ ಹಾಗ ಯೋ ಉಳದಿದ .  

   

ಚ್ಚತರ 4 – ಫ್ಾರನಿ್ನ ಕ್ಾಲಡ್-ಲ್ೂಯಿ ನ್ಾವಿಯರ್ ಮ್ತುಿ ಇಿಂಗ ಲಿಂಡಿನ ಜ್ಾರ್ಜಷ ಗ ೋಬಿರಯಲ್ ಸ್ ೂಟೋಕ್್ ಎಿಂಬ ವಿಜ್ಞಾನಿಗಳಬಬರು 
ತರಲ್ಶಾಸರದ ಬುನ್ಾದಿಯಾಗಿರುವ 'ನ್ಾವಿಯರ್-ಸ್ ೂಟೋಕ್್' ಸರ್ಮೋಕರಣಗಳನುನ 19ನ್ ಯ ಶತಮಾನದಲಿಲ ಮ್ಿಂಡಿಸ್ತದರು. 

ಇರ್ುಟ ಕಲರ್ಟವಾದ, ಸ್ಾವಷತ್ತರಕ ಪ್ರಿಹಾರ ಲ್ಭಿಸದ, ಸರ್ಮೋಕರಣಗಳ ಪ್ರಯೋಜನವಿದ ಯ? ಸಮ್ಸ್ ಾಯ ಪ್ರಿಹಾರವಲ್ಲವ  ನಮ್ಗ  

ಉಪ್ಯುಕಿವಾದುದು? ಇದು ನಿಜ. ಆದರ  ಈ ಸರ್ಮೋಕರಣಗಳಗ  ಸ್ಾವಷತ್ತರಕ ಪ್ರಿಹಾರ ದ ೂರ ತ್ತಲ್ಲವಷ ಟ. ತರಲ್ ಹರಿವಿನ ಕ್ ಲ್ವು 

ವಿಶ ೋರ್ ಸಿಂದಭಷಗಳಲಿಲ ನಿದಿಷರ್ಟವಾದ, ಪ್ರತ ಾೋಕವಾದ ಪ್ರಿಹಾರಗಳು ಲ್ಭಿಸಬಹುದು. ಇದನುನ ಅರ್ಥಷಮಾಡಿಕ್ ೂಳುಲ್ು ಒಿಂದು 

ಸರಳ ಉದಾಹರಣ ಯನುನ ನ್ ೂೋಡ ೂೋಣ.  

ನ್ಾವು ಒಿಂದು ಊರಿನಿಿಂದ ಮ್ತ ೂಿಿಂದು ಊರಿಗ  ಹ ೂೋಗಬ ೋಕ್ಾಗಿದ  ಎಿಂದಿಟುಟಕ್ ೂಳ ್ ುೋಣ. ಪ್ರಯಾಣವು ಬಸ್ತ್ನಲ ೂಲೋ 

ರ ೈಲಿನಲ ೂಲೋ ಆಗಬ ೋಕದದರ  ಸಿಂಚಲ್ನ್ ಯ ಸಮ್ಸ್ ಾಯನುನ ಚಾಲ್ಕನಿಗ  ಬಿಟುಟ ಹಾಯಾಗಿ ಮ್ಲ್ಗಿಕ್ ೂಿಂಡ ೂೋ, ಮಬ ೈಲ್ ನಲಿಲ 

ಸಿಂಗಿೋತವನುನ ಕ್ ೋಳಕ್ ೂಿಂಡ ೂೋ ಹ ೂೋಗುತ ಿೋವ . ಆದರ  ಪ್ರಯಾಣಕ್ಾಾಗಿ ನ್ಾವ ೋ ಕ್ಾರನುನ ಚಾಲಿಸಬ ೋಕ್ಾಗಿದದರ  ಆ ಪ್ರದ ೋಶದ 

ನಕ್ ಯನುನ ನ್ ೂೋಡಿ, ಯಾವ ದಿಕಾನಲಿಲ ಚಲಿಸಬ ೋಕು? ತ ಗ ದುಕ್ ೂಳುಬ ೋಕ್ಾದ ರಸ್ ಿ ಯಾವುದು? ಎಿಂದು ಗುರುತ್ತಸ್ತ ಸರಾಗವಾಗಿ 

ಪ್ರಯಾಣ ಮಾಡುತ ಿೋವ . ಸಾಳೋಯ ಏರುಪ ೋರುಗಳನುನ ಬಿಟಟರ , ಗ ೂೋಳಾಕೃತ್ತಯ ಭೂರ್ಮಯನುನ ಸಮ್ತಲ್ದಿಂತ ಯೋ 

ನ್ ೂೋಡುತ ಿೋವ . ಆದರ  ಒಿಂದು ದ ೋಶದಿಿಂದ ಮ್ತ ೂಿಿಂದು ದ ೋಶಕ್ ಾ ವಿಮಾನಯಾನ ಮಾಡಿಸುವ ವಿಮಾನದ ಚಾಲ್ಕನು 

ಭೂರ್ಮಯನುನ ಅದರ ನ್ ೈಜ ಗ ೂೋಳಾಕ್ಾರದಿಂತ ಯೋ ಪ್ರಿಗಣಿಸಬ ೋಕು. ಇದು ಯಾಕ್ ಿಂದರ  ನ್ಾವು ನಮ್ಮ ಕ್ಾಲ್ನಡಿಗ ಯಿಿಂದಲ ೂ, 

ಬಸು್-ಕ್ಾರುಗಳಿಂದಲ ೂ ಮಾಡುವ ಪ್ರಯಾಣದಿಿಂದ ಸಹಜವಾಗಿ ಕರರ್ಮಸುವ ದೂರವು ಭೂರ್ಮಯ ತ್ತರಜಾದ (radius) 

ಹ ೂೋಲಿಕ್ ಯಲಿಲ ಅತಾಿಂತ ಸಣಣ ಪ್ರಮಾಣದುದ. ಆದರ  ಸ್ಾಗರಯಾನದಲಿಲ, ವಿಮಾನಯಾನದಲಿಲ ಪ್ರಯಾಣದ ದೂರ ಭೂರ್ಮಯ 

ತ್ತರಜಾಕ್ ಾ ಹ ೂೋಲಿಸಬಹುದಷಾಟದಿಂತ  ಭೂರ್ಮಯ ವಕರತ ಯ ಪ್ರಿಣಾಮ್ಗಳು ಗಮ್ನ್ಾಹಷವಾಗುತವಿ . ಹೋಗ  

ಸಿಂದಭಷಕಾನುಗುಣವಾಗಿ ನ್ಾವು ನಮ್ಮ ದೃಷಿಟಯನುನ ಬದಲಾಯಿಸುತ ಿೋವ . 
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ಅಿಂತ ಯೋ ವಿಜ್ಞಾನಿಗಳು ಕಠಿಣವಾದ ಸರ್ಮೋಕರಣಗಳನುನ ಸರಳೋಕೃತ ಸಿಂದಭಷಗಳಗ  ಪ್ರಯೋಗಿಸ್ತ, ಪ್ರಿಹಾರ ಸಿಂಶ  ೋಧಿಸುವ 

ಪ್ರಯಾಸದಲಿಲ ತ ೂಡಗುತಾರಿ . ಇದರಿಿಂದ ನ್ಾವು ಆಯಾ ಸಿಂದಭಷಗಳ ಚೌಕಟ್ಟಟನಲಿಲ ಅನವಯವಾಗುವ ತರಲ್ವಸುಿವಿನ 

ಗುಣಲ್ಕ್ಷ್ಣಗಳ ತ್ತಳುವಳಕ್ ಯನುನ ಪ್ಡ ಯಬಹುದು. ದರವದ ಸ್ತನಗಧತ  (viscosity) ಕಡಿಮೆಯಿದದಲಿಲ, ಹರಿವು ಸ್ತಿರ್ಮತವಾದದಲಿಲ 

(steady), ಅತ್ತ ವ ೋಗದ (ಶಬದದ ವ ೋಗಕಾಿಂತ ಹ ಚ್ಚಿನ) ಹರಿವಿನ ಸ್ತಾತ್ತಯಲಿಲ, ಅತಾಿಂತ ಮ್ಿಂದ ವ ೋಗದ ಹರಿವಾದಲಿಲ, ಹೋಗ  ವಿಭಿನನ 

ಸಿಂದಭಷಗಳಲಿಲ ಮೆೋಲಿನ ಸರ್ಮೋಕರಣಗಳನುನ ಗಣಿತದ ತಿಂತರಗಳಿಂದ ಬಾಗಿಸ್ತ ಬಳುಕಸ್ತ ಮ್ೂಲ್ ರೂಪ್ದಿಿಂದ ಪ್ರತ ಾೋಕವಾದ, 

ಸಿಂದಭಷಕ್ ಾ ಅನುಗುಣವಾಗುವ, ಸರಳೋಕೃತ ರೂಪ್ಕ್ ಾ ತರಬಹುದು. ಹೋಗ  ರೂಪಾಿಂತರಗ ೂಿಂಡ ಸರ್ಮೋಕರಣಗಳನುನ ಗಣಿತದ 

ವಿವಿಧ್ ಸೂತರಗಳ ಮ್ೂಲ್ಕ ಪ್ರಿಹರಿಸಬಹುದು. 

ಆದರ  ಮ್ೂಲ್ ನ್ಾವಿಯರ್-ಸ್ ೂಟೋಕ್್ ಸರ್ಮೋಕರಣಗಳಾದರೂ ಹ ೋಗ  ಬಿಂದವು? ಉತಿರ; ಪ್ರಯೋಗಗಳ ಪ್ರಿಶೋಲ್ನ್  ಮ್ತು ಿ

ಸರ್ಮೋಕರಣಗಳ ರಚನಕ್ಾರರ ಕಲ್ಪನ್ಾಶಕಿಯ ಸಿಂಯೋಜನ್ ಯ ಮ್ೂಲ್ಕ. ತರಲ್ಸ್ತಾತ್ತಯ ಗುಣಲ್ಕ್ಷ್ಣಗಳನುನ ಸೂಕ್ಷ್ಮವಾಗಿ 

ಗಮ್ನಿಸ್ತ, ಅವುಗಳನುನ ಆಧ್ರಿಸ್ತದ, ಅಿಂತರಕರಯಗಳ ಮಾದರಿಯ ಕಲ್ಪನ್ ಯಿಿಂದ ಒಿಂದು ಸ್ತದಾಧಿಂತವು ಮದಲ್ ಹ ಜ್ ಾ ಹಾಕುತಿದ . 

ಈ ಹಿಂತವು ವಿಜ್ಞಾನಿಯ ಸೃಜನಶೋಲ್ತ ಯನುನ ಪ್ರಿೋಕ್ಷಿಸುತಿದ  ಎಿಂದರ  ತಪಾಪಗಲಾರದು. ಉದಾಹರಣ ಗ , ಒಿಂದು 

ಸಿಂಗಾರಹಕದಲಿಲರುವ ಅನಿಲ್ವು ಅದರ ಗ ೂೋಡ ಗಳ ಮೆೋಲ  ಒತಿಡ ಬಿೋರುತಿದ ; ಅದರ ತಾಪ್ಮಾನಕ್ ಾ ಅನುಗುಣವಾಗಿ ಎರ್ುಟ 

ಪ್ರಮಾಣದಲಿಲ ಒತಿಡ ಹ ಚಾಿಗುತದಿ  ಎಿಂದ ಲಾಲ ಪ್ರಯೋಗಗಳ ಮ್ೂಲ್ಕ ನ್ಾವು ತ್ತಳದ ವು ಎಿಂದಿಟುಟಕ್ ೂಳ ್ ುೋಣ. ಆದರ  ಅದರ 

ಕ್ಾರಣವ ೋನು? – ಎಿಂಬ ಪ್ರಶ ನಗ  ಅನಿಲ್ಗಳ ಚಲ್ನ ಸ್ತದಾಧಿಂತವು (kinetic theory of gases) ನಮ್ಗ  ಉತಿರವನುನ ನಿೋಡುತದಿ ; 

ಅನಿಲ್ದ ಕಣಗಳು ಎಲಾಲ ದಿಕಾನಲ್ೂಲ ಚಲಿಸುತ್ತರಿುವುದರಿಿಂದ, ಒಿಂದಕ್ ೂಾಿಂದರ ನಡುವ  ಹಾಗೂ ಸಿಂಗಾರಹಕದ ಗ ೂೋಡ ಗಳ 

ಕಣಗಳ ಜ್ ೂತ  ಆಗುವ ಸಿಂಘರ್ಷಣ ಗಳು (collisions) ಸಿಂಚ್ಚತವಾಗಿ ಒತಿಡದಿಂತ  ವಾಕಿವಾಗುತದಿ . ಇಲಿಲ ಅನಿಲ್ಗಳ ಚಲ್ನ 

ಸ್ತದಾಧಿಂತದ ಬುನ್ಾದಿ ಪ್ರಯೋಗವಾದರ , ಅದರ ನ್ ೈಜದ (correctness) ಪ್ರಿೋಕ್ ಯೂ ಪ್ರಯೋಗವ ೋ ಆಗಿರುತದಿ . ಈ 

ಸ್ತದಾಧಿಂತವು ಸರಿಯಾಗಿದ ಯೋ? ತಪ ಪೋ? ಇನೂನ ಹ ಚುಿ ಪ್ರಯೋಗಗಳ ಮ್ೂಲ್ಕ ಇದನುನ ದೃಢೋಕರಿಸ್ತಕ್ ೂಳುಬಹುದು.  

ಈ ರಿೋತ್ತಯಾಗಿ, ವಿಜ್ಞಾನಿಗಳು ತರಲ್ಶಾಸರದ ಸ್ತದಾಧಿಂತಗಳನುನ ಹಾಗೂ ಅವುಗಳ ಸರಳೋಕೃತ ರೂಪ್ಗಳನುನ ಪ್ರಯೋಗಗಳ 

ಮ್ೂಲ್ಕ ಪ್ರಿೋಕ್ಷಿಸ್ತ ವೃದಿಧಸುತಾಿರ .   

3. ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳು (Numerical methods) 

ಮೆೋಲ್ಾಿಂಡ ಪ್ರಯೋಗಾತಮಕ ಮ್ತುಿ ಸ್ ೈದಾಧಿಂತ್ತಕ ವಿಧಾನಗಳಗಿಿಂತ ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳು ಇತ್ತಿೋಚ್ಚನವು; ಎರಡನ್  

ಮ್ಹಾಯುದಧದ ಅಿಂತಾದಿಿಂದ ಸುಮಾರು 70 ವರ್ಷಗಳಿಂದ ಬ ಳ ದುಬಿಂದಿವ . ಇವನುನ ಅರ್ಥಷಮಾಡಿಕ್ ೂಳುಲ್ು ಒಿಂದು ಸರಳ 

ವಗಷಸರ್ಮೋಕರಣವನುನ (quadratic equation) ಪ್ರಿಗಣಿಸ್ ೂೋಣ:  

𝑥2 − 7𝑥 + 10 = 0 

ಮೆೋಲಿನ ಸರ್ಮೋಕರಣದ ಶ ನಾವನುನ ಪ್ಡ ಯಲ್ು, x ನ ಯಾವ ಮೌಲ್ಯಗಳು ಸರ್ಮೋಕರಣಕ್ ಾ ಸರಿಹ ೂಿಂದುತವಿ  ಎಿಂದು, 

ತ್ತಳಯಬ ೋಕದ . ಇದಕ್ ಾ ನ್ಾವು ವಗಷಸೂತರವನುನ ಬಳಸ್ತದಾಗ, x ನ ಮೌಲ್ಯಗಳು 2 ಮ್ತುಿ 5 ಎಿಂದು ತ್ತಳದುಬರುತಿದ . ಇದನುನ  
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ಓದುಗರು ಪ್ರಿೋಕ್ಷಿಸಬಹುದು. ಒಿಂದು ವ ೋಳ  ಶ ನಾವನುನ ಪ್ಡ ಯುವುದು ಸ್ಾಧ್ಾವಿಲ್ಲದಿದದರ  ಏನು ಮಾಡುವುದು? ಆಗ ಅವುಗಳ 

ಸನಿನಹತ ಮೌಲ್ಯಗಳನುನ ನ್ಾವು ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳಿಂದ ಲ ಕಾಸಬಹುದು. ಇದು ಹ ೋಗ ಿಂದು ನ್ ೂೋಡ ೂೋಣ. 

ಮೆೋಲಿನ ಸರ್ಮೋಕರಣದಲಿಲ x ನ ಒಿಂದು  ಮೌಲ್ಯವನುನ 1 ಎಿಂದು ಊಹಸ್ ೂೋಣ. ಈ ಮೌಲ್ಯವನುನ ಮೆೋಲಿನ ಸರ್ಮೋಕರಣದ 

ಎಡಭಾಗದ ಗುಣತ ೂೋಕಿಯಲಿಲ ಅಳವಡಿಸ್ತದಾಗ, ಅದರ ಮೌಲ್ಯ 0 ಬದಲ್ು 4 ಬರುತದಿ . ಯಾಕ್ ಿಂದರ  ನಮ್ಮ ಮದಲ್ ಊಹ  x 

ನ ಮೌಲ್ಯವಲ್ಲ; ಇದು ನಮ್ಮ ನಿರಿೋಕ್ ಯಿಂತ ಯ. ಅದ ೋ ರಿೋತ್ತ ಇನ್ ೂನಿಂದು ಊಹ  ಮಾಡ ೂೋಣ, - 3 ಎಿಂದು. ಈಗ ಗುಣತ ೂೋಕಿಯ 

ಮೌಲ್ಯ -2 ಆಗಿದ . ಇದರರ್ಥಷ – ನಮ್ಮ ಈ ಎರಡು ಊಹ ಗಳ ನಡುವ  ಯಾವುದ ೂೋ ಒಿಂದು ಮೌಲ್ಯ ಸರ್ಮೋಕರಣಕ್ ಾ 

ಸರಿಹ ೂಿಂದುತಿದ ; ಆ ಮೌಲ್ಯದ ಗುಣತ ೂೋಕಿಯ ಮೌಲ್ಯ 0 ಆಗಿರುತಿದ . ಹಾಗಾಗಿ ಈ ಮೆೋಲಿನ ಊಹಾಪ್ರಕರಯಯನುನ ಮ್ತ ಿ ಮ್ತ  ಿ

ಮಾಡುವುದರಿಿಂದ x ನ ಮೌಲ್ಯಕ್ ಾ (ಶ ನಾ) ಸನಿಹವಾದ ಮೌಲ್ಯ ದ ೂರಕುತಿದ . ಇದ ೋ ತಿಂತರವನುನ ಎರಡನ್ ಯ ಶ  ೋಧ್ನ್ ಗೂ 

ಬಳಸ್ತ ನ್ಾವು ಶ ನಾವಲ್ಲದಿದದರೂ, ಇದಕ್ ಾ ಅತಾಿಂತ ಸನಿನಹತ ಮೌಲ್ಯಗಳನುನ ಪ್ಡ ಯಬಹುದು.  

ತರಲ್ಶಾಸರದ ಸರ್ಮೋಕರಣಗಳು ಕಠಿಣವಾದದರಿಿಂದ, ತಜ್ಞರು ಇಿಂತಹದ ದೋ ಮಾಗಷ ಅನುಸರಿಸುತಾಿರ . ಆದರ  ಇದಕ್ ಾ 

ಮಾಡಬ ೋಕ್ಾದ ಲ ಕ್ಾಾಚಾರಗಳ ಸಿಂಖ ಾ ಸಹಜವಾಗಿ ಲ್ಕ್ಷ್ಗಟಟಲ ಯಾದದರಿಿಂದ ಕಿಂಪ್ೂಾಟರಿನ ಸಹಾಯದಿಿಂದಲ ೋ 

ಮಾಡಬ ೋಕ್ಾಗುತಿದ . ಹಾಗಾಗಿ ವರ್ಷದಿಿಂದ ವರ್ಷಕ್ ಾ ಕಿಂಪ್ೂಾಟರಿನ ಸಿಂಸಾರಣಾಶಕಿ (processing power) ಬ ಳ ದಿಂತ  

ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳ ಬಳಕ್ ಯೂ ಬ ಳ ಯುತಾಿ ಬಿಂದಿದ . ಈ ನೂತನ ವಿಧಾನಗಳ ಜನಪಿರಯತ ಗ  ಹಲ್ವಾರು ಕ್ಾರಣಗಳವ . 

ಮದಲ್ನ್ ಯದಾಗಿ, ಪಾರಯೋಗಿಕ ವಿಧಾನಗಳಗ  ಬ ೋಕ್ಾದಿಂತ  ಹ ಚುಿ ಸಮ್ಯ ಹಾಗೂ ಹಣದ ಅವಶಾವಿಲ್ಲ - ಒಿಂದು ಉತಿಮ್ 

ಕಿಂಪ್ೂಾಟರಿದದರ  ಸ್ಾಕು. ಆದದರಿಿಂದ ಸಿಂಶ  ೋಧ್ನ್ ಗ  ಬ ೋಕ್ಾದ ಖಚುಷ-ವ ಚಿದಲಿಲ ಗಮ್ನ್ಾಹಷ ಉಳತಾಯವಾಗುತಿದ . 

ಎರಡನ್ ಯದಾಗಿ, ಸ್ ೈದಾಧಿಂತ್ತಕ ವಿಧಾನಗಳಲಿಲಯಿಂತ  ಕ್ ೋವಲ್ ಸರಳ ಸಿಂದಭಷಗಳಗಾಗಿ ಮಾತರವಲ್ಲದ , ತಿಂತರಜ್ಞಾನದಲಿಲ 

ಕಿಂಡುಬರುವ ಕರ್ಟದ ಸಮ್ಸ್ ಾಗಳನೂನ ನಿಭಾಯಿಸಬಲ್ಲವು. ಯಾಕ್ ಿಂದರ  ಇವು ನಿಖರವಾದ ಪ್ರಿಹಾರಗಳ ಬದಲ್ು ಅವುಗಳಗ  

ಸನಿನಹತವಾದ ಸಿಂಖಾಾತಮಕ ಮೌಲ್ಯಗಳನುನ ನಿೋಡುತಿವ . ಆದರ  ಕಿಂಪ್ೂಾಟರನುನ ಪ್ರಿಣಾಮ್ಕ್ಾರಿಯಾಗಿ ಪ್ರಯೋಗಿಸಲ್ು ಉತಿಮ್ 

ಕಿಂಪ್ೂಾಟರಿನ ಪ್ರರೋಗಾರಮ್ ಗಳ ರಚನ್  ಅಗತಾ. ಹಾಗಾಗಿ, ಈ ವಿಧಾನಗಳನುನ ಬಳಸಲ್ು ಭೌತ, ಗಣಿತ ವಿಜ್ಞಾನಗಳ ಜ್ ೂತ  

ಕಿಂಪ್ೂಾಟರ್ ವಿಜ್ಞಾನದ ಪ್ರಿಣಿತ್ತಯೂ ಸವಲ್ಪಮ್ಟ್ಟಟಗ  ಅವಶಾ.  

ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳು ತರಲ್ಶಾಸರದಲಿಲ ಮ್ೂಲ್ಭೂತ ಸಿಂಶ  ೋಧ್ನ್ ಗೂ, ತಿಂತರಜ್ಞಾನದಲಿಲ ತರಲ್ಶಾಸರದ ತತಿವಗಳ 

ಆಧಾರಿತ ಪ್ರಿಕರಣಗಳ ವಿನ್ಾಾಸಕೂಾ ಒಿಂದು ಹ ೂಸ ಆಯಾಮ್ ತಿಂದುಕ್ ೂಟ್ಟಟವ . ಇತ್ತಿೋಚ್ಚಗ  ವಿಜ್ಞಾನ ಹಾಗೂ ತಿಂತರಜ್ಞಾನದಲಿಲ  
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ಬಹುತ ೋಕ ಸಮ್ಸ್ ಾಗಳಗ  ಶಕಿಯುತ ಕಿಂಪ್ೂಾಟರ್ ಗಳ ನ್ ರವಿನಿಿಂದ ಲ ಕ್ಾಾಚಾರಗಳನುನ ಮಾಡಿ ವಿದಾಮಾನಗಳ 

ತ್ತಳುವಳಕ್ ಯನುನ ವೃದಿಧಸುವುದು, ವಿನ್ಾಾಸದ ವಿವಿಧ್ ಅಿಂಶಗಳನುನ ಪ್ರಿಶೋಲಿಸ್ತ ಉತಿಮ್ಗ ೂಳಸುವುದು ಸ್ಾಮಾನಾವಾಗಿದ . 

ಉದಾಹರಣ ಗ , ಇಿಂದು ಗಾಳಯಿಿಂದುಿಂಟಾಗುವ ಘರ್ಷಣಾಬಲ್ವನುನ ಕಡಿಮೆಗ ೂಳಸುವ ಸಲ್ುವಾಗಿ ಕಿಂಪ್ೂಾಟರ್ ನ್ ರವಿನಿಿಂದ 

ಪ್ರತ್ತಯಿಂದು ಕ್ಾರಿನ ಆಕ್ಾರವನುನ ವಿನ್ಾಾಸ ಮಾಡಲಾಗುತಿದ . ಹವಾಮಾನಶಾಸರ ಇಲಾಖ ಗಳು ಇಿಂದಿನ ಹವಾಮಾನದ 

ಸ್ತಾತ್ತಯ ಜ್ ೂತ ಗ  ಹವಾಮಾನದ ವತಷನ್ ಯನುನ ವಿವರಿಸುವ ಸರ್ಮೋಕರಣಗಳನುನ ಬಳಸ್ತ ಕಿಂಪ್ೂಾಟರಿನಿಿಂದ ಮಾಡಿದ 

ಲ ಕ್ಾಾಚಾರಗಳ ಆಧಾರದ ಮೆೋಲ  ಮ್ುನೂ್ಚನ್  ನಿೋಡುತಿವ . ನ್ಾವು ದಿನನಿತಾ ಬಳಸುವ ಮಬ ೈಲ್ ಗಳಲಿಲ ಮ್ತುಿ ಕಿಂಪ್ೂಾಟರ್ 

ಗಳಲಿಲ ಸಿಂಸ್ಾಾರಕಗಳ (processor) ಶಾಖಾಸ್ ೂೋರುವಿಕ್ ಯನುನ (heat dissipation) ಸರಿಯಾಗಿ ನಿಯಿಂತ್ತರಸಲ್ು ಇಲ ಕ್ಾರನಿಕ್ 

ಘಟಕಗಳ ಮೆೋಲಿನ ಗಾಳಯ ಸಿಂಚಲ್ನ್ ಯನುನ ಎಿಂಜನಿಯರುಗಳು ಕಿಂಪ್ೂಾಟರಿನ ಲ ಕ್ಾಾಚಾರಗಳಿಂದ ಪ್ರಿಶೋಲಿಸುತಾರಿ . ಹೋಗ  

ವಿಜ್ಞಾನದ ಮ್ತುಿ ತಿಂತರಜ್ಞಾನದ ಹ ಚುಿಕಡಿಮೆ ಎಲ್ಲ ಕ್ ೋತರಗಳಲಿಲ ಇಿಂದು ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳ ಬಳಕ್  ನ್ ೂೋಡಬಹುದು. 

ಇಷ ಟೋ ಅಲ್ಲದ  ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳು ಕ್ ಲ್ವಿಂದು, ಹಿಂದ  ಬಗ ಹರಿಸಲಾಗದ ಸಮ್ಸ್ ಾಗಳ ವ ೈಜ್ಞಾನಿಕ ತನಿಖ ಗ  ನೂತನ 

ಮಾಗಷ ದ ೂರಕಸ್ತವ . ಉದಾಹರಣ ಗ , ಸೂಯಷನ ಒಳಗ  ಆಗುವ ಉನನತ ತಾಪ್ಮಾನದ ಪಾಲಸ್ಾಮಸ್ತಾತ್ತಯಲಿಲರುವ ಕಣಗಳ 

ನಡುವಿನ ಪ್ರಮಾಣು ಪ್ರಕರಯಗಳು, ಅವುಗಳ ಚಲ್ನವಲ್ನ ಮ್ತುಿ ಅವುಗಳಿಂದ ಸಿಂಭವಿಸುವ ವಿದುಾತಾಾಿಂತ್ತೋಯ ಕ್ ೋತರಗಳು 

(electromagnetic fields), ಇನೂನ ಹಲ್ವಾರು ವಿವರಗಳನುನ ಇಿಂದು ಕಿಂಪ್ೂಾಟರಿನಲಿಲ ಸರ್ಮೋಕರಣಗಳ ಲ ಕ್ಾಾಚಾರಗಳ 

ಮ್ೂಲ್ಕ ವಿಜ್ಞಾನಿಗಳು ತ್ತಳದುಕ್ ೂಳುುತಾಿರ . ಹೋಗ  ಲ್ಭಿಸ್ತದ ಫಲಿತಾಿಂಶಗಳು ಸರಿಯ ಎಿಂದು ಪ್ರಯೋಗಗಳ ಮ್ೂಲ್ಕವ ೋ 

ಪ್ರಿೋಕ್ಷಿಸುತಾಿರ . ಹಾಗಾಗಿ, ತರಲ್ಶಾಸರದಲಿಲಿಂದು ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳು ಪ್ರಯೋಗಾತಮಕ ಮ್ತುಿ ಸ್ ೈದಾಧಿಂತ್ತಕ ವಿಧಾನಗಳ 

ಜ್ ೂತ ಗ  ಬಹಳ ಸೂಕವಿಾಗಿ ವ ೈಜ್ಞಾನಿಕ ಸಿಂಶ  ೋಧ್ನ್ ಯನುನ ಹಾಗೂ ತಾಿಂತ್ತರಕ ವಿನ್ಾಾಸವನುನ ನಿವಷಹಸಲ್ು ಮ್ಹತವದ ಪಾತರ 

ವಹಸುತ್ತವಿ . 

ಸಾರಾಂಶ ಮತುು ಅವಲ  ೋಕನ  

ತರಲ್ಶಾಸರವು ವಿಜ್ಞಾನ ಹಾಗೂ ತಿಂತರಜ್ಞಾನದಲಿಲ ಅಪಾರ ವಾಾಪಿಿಯನುನ ಹ ೂಿಂದಿದ . ಇದರ ಅಧ್ಾಯನವು ಪ್ರಯೋಗಗಳ, 

ಸ್ತದಾಧಿಂತಗಳ ಮ್ೂಲ್ಕ ಬಹುಕ್ಾಲ್ದಿಿಂದ ನಡ ದುಬಿಂದು ಇಿಂದು ಕಿಂಪ್ೂಾಟರಿನ ಸಿಂಖಾಾತಮಕ ವಿಧಾನಗಳಿಂದ ಸಮ್ೃದಿಧಯಾಗಿ 

ಬ ಳ ಯುತ್ತಿದ . ವಿಜ್ಞಾನದ ಈ ಕ್ ೋತರವು ಭೌತಶಾಸರಜ್ಞರನುನ, ಗಣಿತಶಾಸರಜ್ಞರನುನ, ಎಿಂಜನಿಯರುಗಳನುನ, ಜೋವಶಾಸರಜ್ಞರನುನ, 

ಹಾಗೂ ಇನೂನ ವಿವಿಧ್ ಪ್ರಿಣಿತ್ತಯ ತಜ್ಞರನುನ ಸ್ ಳ ಯುತ್ತಿದ . ಇದಕ್ ಾ ಕ್ಾರಣ ನಮ್ಮ ದ ೈನಿಂದಿನ ಜೋವನದಲಿಲ ತರಲ್ವಸುಿಗಳ 

ಕರಯಗಳ ಪಾರಮ್ುಖಾತ  ಹಾಗೂ ಅವುಗಳ ಸ್ತದಾಧಿಂತಗಳನುನ ವಿವರಿಸುವ ಸರ್ಮೋಕರಣಗಳ ಕಲರ್ಟತ . ಪ್ರಸುತಿ ಲ ೋಖನದ ಓದುಗರಲಿಲ 

ಹಲ್ವಾರು ಮ್ಿಂದಿ ಶಾಲಾ-ಕ್ಾಲ ೋಜುಗಳಲಿಲ ಓದುತ್ತರಿುವ ವಿದಾಾರ್ಥಷಗಳ್ ಇರುವುದರಿಿಂದ ತರಲ್ಶಾಸರದಲಿಲ ಆಸಕಿಯುಳುವರಿಗ   

ಚ್ಚತರ 5 (ಎ) – ತರಲ್ಶಾಸರದ ಸ್ತದಾಧಿಂತಗಳನುನ ಆಧ್ರಿಸ್ತದ, ಗಣಿತದ ರೂಪ್ದಲಿಲರುವ ಸರ್ಮೋಕರಣಗಳನುನ ಸಿಂಖಾಾತಮಕ 

ವಿಧಾನಗಳ ಮ್ೂಲ್ಕ ಕಿಂಪ್ೂಾಟರಿನ ಸಹಾಯದಿಿಂದ ಪ್ರಿಹರಿಸುತ್ತಿರುವುದು. ಚ್ಚತರ 5 (ಬಿ) – ಅಿಂತಹ ಸಿಂಖಾಾತಮಕ 

ಪ್ರಿಹಾರಗಳಿಂದ ಗಾಳಯಿಿಂದ ಆಗುವ ಘರ್ಷಣಾಬಲ್ವನುನ ಕಡಿಮೆಗ ೂಳಸುವ ಸಲ್ುವಾಗಿ ಒಿಂದು ಕ್ಾರಿನ ಆಕ್ಾರವನುನ 
ಉತಿಮ್ಗ ೂಳಸಬಹುದು. ಇಲಿಲ ಬಿಳಯ ರ ೋಖ ಗಳು ಗಾಳಯ ಚಲ್ನದ ಧಾರಾರ ೋಖ ಗಳಾಗಿವ  (streamlines). 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

38 

 

 

 

ನ್ಾನಿಲಿಲ ಒಿಂದಿರ್ುಟ ಅಿಂಶಗಳನುನ ಕ್ ೂಡಬಯಸುತ ಿೋನ್ . ತರಲ್ಶಾಸರದ ಅಧ್ಾಯನದಲಿಲ ಹಲ್ವಾರು ಕ್ ೋತರಗಳಿಂದ ಸಮ್ಸ್ ಾಗಳು 

ಬರುತಿವ . ಪ್ದವಿಯ ನಿಂತರ ಯಾವ ಕ್ ೋತರದಲಿಲ ಕ್ ಲ್ಸ ಮಾಡುತ ಿೋವ  ಎಿಂದು ಮ್ುಿಂಚ್ಚತವಾಗಿಯೋ ಹ ೋಳುವುದು ಕರ್ಟವಾದದರಿಿಂದ 

ಇವ ಲಾಲ ಸಮ್ಸ್ ಾಗಳಗಿರುವ ಸ್ಾಮಾನಾವಾದ ಮ್ುಖಾಲ್ಕ್ಷ್ಣಗಳನುನ ಗುರುತ್ತಸುವುದು ಸೂಕಿ. ನನನ ಅಭಿಪಾರಯದಲಿಲ ಅವು - ಗಣಿತ 

ಹಾಗೂ ಕಿಂಪ್ೂಾಟರ್ ಪ್ರರೋಗಾರರ್ಮಿಂಗ್. ಹಲ್ವಾರು ಗಣಿತ್ತೋಯ, ಮ್ತುಿ ವಿವರಣಾತಮಕ ಕ್ ೋತರಗಳ ನಿಸ್ತಕ್ ೂಿಂಡಿದದ ಜೋವಶಾಸರದ 

ಹಲ್ವು ವಿಭಾಗಗಳಲಿಲಯೂ ಇಿಂದು ಗಣಿತದಿಿಂದ ರಚ್ಚತವಾದ ಸರ್ಮೋಕರಣಗಳ ಹಾಗೂ ಕಿಂಪ್ೂಾಟರಿನಿಿಂದ ಲ್ಭಿಸುವ ಅವುಗಳ 

ಸಿಂಖಾಾತಮಕ ಪ್ರಿಹಾರಗಳ ಬಳಕ್  ವಾಾಪ್ಕವಾಗಿದ . ಸ್ ೂೋಿಂಕುಶಾಸರ (epidemiology), ತಳವಿಜ್ಞಾನ (genetics), ಜ್ ೈವಿಕ 

ಮಾಹತ್ತ ವಿಜ್ಞಾನ (bioinformatics) ಅಿಂತಹ ಕ್ ೋತರಗಳ ಕ್ ಲ್ವು ಉದಾಹರಣ ಗಳು. ಕ್ ೂಳವ ಗಳ ಮ್ೂಲ್ಕ ಹರಿಯುವ ನಿೋರಿನ 

ಬಗ ಗಿನ ಲ ಕ್ಾಾಚಾರಗಳನುನ ಮಾಡುತ್ತಿದದ ಯಾಿಂತ್ತರಕ ಎಿಂಜನಿಯರುಗಳಿಂದು ರಕಿನ್ಾಳಗಳ ಒಳಗ  ರಕಿಸಿಂಚಲ್ನ್ ಯನುನ 

ಅಧ್ಾಯನ ಮಾಡುವ ಆಶಿಯಷಕರ ಬದಲಾವಣ ಗಳಾಗಿವ . ಇಿಂದಿನ ಮ್ತುಿ ಮ್ುಿಂಬರುವ ವ ೈಜ್ಞಾನಿಕ ಹಾಗೂ ತಿಂತರಜ್ಞಾನದ 

ಸಮ್ಸ್ ಾಗಳಗ  ಗಣಿತದ ಹಾಗೂ ಕಿಂಪ್ೂಾಟರಿನಿಿಂದ ಪ್ಡ ಯಬಹುದಾದ ಪ್ರಿಹಾರಗಳ ಪ್ರಭಾವವು ಹ ಚಾಿಗುತ್ತದಿ . ಹೋಗಾಗಿ 

ಇವ ರಡರ ಪ್ರಿಣಿತ್ತಯನುನ ಪ್ಡ ಯುವುದು ವಿವ ೋಕಯುತವಾದುದು. ಇವ ರಡರ ಜ್ ೂತ ಗ  ಆಯಾ ಕ್ ೋತರಗಳ ಪ್ರತ ಾೋಕ ಜ್ಞಾನವೂ 

ಕರಮೆೋಣವಾಗಿ ಸ್ ೋರುವುದರಿಿಂದ ಒಬಬ ಉತಿಮ್ ತಜ್ಞನ್ಾಗಿ ಸಮಾಜದ ಸಮ್ಸ್ ಾಗಳಗ  ವ ೈಜ್ಞಾನಿಕ ಚ್ಚಿಂತನ್ ಯಿಿಂದ ಸೂಕಿ 

ಪ್ರಿಹಾರಗಳನುನ ನಿೋಡಬಹುದು. 

Dr. Srinivasa Kirthy has a Ph. D. in physics from the Indian Institute of Science, Bengaluru. He is a 

Combustion Engineer at GE Vernova Advanced Research Center, Bengaluru.  
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2. Govardhan R., Ramesh O. N. (2005), A stroll down Karman Street, Resonance, Indian Academy 

of Sciences, Vol. 10, No. 8, pp. 25-37 
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vÁgÁUÀtzÀ°ègÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ vÀªÀÄä UÀÄgÀÄvÀéPÉÃAzÀæzÀ À̧ÄvÀÛ®Æ ¥Àj s̈Àæ«Ä¸ÀÄwÛªÉAiÀÄµÉÖ. DzÀgÉ PÉ®ªÀÅ AiÀÄÄUÀ¼À 
£ÀPÀëvÀæUÀ¼ÀÄ MAzÀ£ÉÆßAzÀÄ ¥Àæw¨sÀn¹zÁUÀ CªÀÅUÀ¼À°è MAzÀÄ vÁgÉAiÀÄÄ vÀ£Àß PÀPÉë¬ÄAzÀ ºÉÆgÀ§AzÀÄ Nr 
¥À¯ÁAiÀÄ£ÀªÁUÀÄvÀÛªÉ JAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À «ÃPÀëuÉ¬ÄAzÀ w½zÀÄ§A¢zÉ. £ÀªÀÄä QëÃgÀ¥ÀxÀ 
UÁå¯ÁQìAiÉÆAzÀgÀ¯ÉèÃ 100 zÀ±À®PÀë ¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ NrºÉÆÃUÀÄwÛgÀÄªÀ £ÀPÀëvÀæUÀ½ªÉAiÉÄAzÀÄ UÀÄgÀÄw¹zÁÝgÉ. 

ªÉÆzÀ®Ä UÀÄgÀÄw¹zÀ EAvÀºÀ ¥À¯ÁAiÀÄ£ÀªÁ¢ vÁgÉAiÉÄAzÀgÉ PÀ¦ÖAiÀÄ£ïì £ÀPÀëvÀæ (𝐾𝑎𝑝𝑡𝑒𝑦𝑛′𝑠 𝑠𝑡𝑎𝑟). EzÀÄ 
¨sÀÆ«ÄUÉ Cw ¸À«ÄÃ¥ÀzÀ°è CAzÀgÉ 132 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è ¸ÀÆAiÀÄð£À ¥Àæw±ÀvÀ 30 s̈ÁUÀ ªÀiÁvÀæ 
UÁvÀæªÀ£ÀÄß ºÉÆA¢gÀÄªÀ ªÀÄAzÀ ¥ÀæPÁ±ÀzÀ G¥ÀPÀÄ§ÓªÁVzÉ. EzÀÄ DªÀÄèd£ÀPÀ, EAUÁ®, ¹°PÁ£ï ªÀÄvÀÄÛ 
d®d£ÀPÀ, »Ã°AiÀÄA¤AzÀ PÀÆrzÀÄÝ, QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è ±ÀvÀPÉÆÃn ªÀµÀðUÀ½AzÀ 245 Q.«ÄÃ./¸ÉPÉAqï 
wæfåÃAiÀÄ ªÉÃUÀ¢AzÀ NqÀÄwÛzÉ.  

NrºÉÆÃUÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ GAmÁUÀÄªÀ §UÉ 

£ÀPÀëvÀæUÀ¼ÀÄ ¸ÀÆ¥À£ÉÆÃðªÁ ¸ÉÆáÃl À̧A¨sÀ«¹zÁUÀ CzÀgÀ MqÀ£ÁrAiÀÄÄ ¥À¯ÁAiÀÄ£À UÉÊzÀÄ NqÀÄvÀÛªÉ. ªÀÄvÉÛ 
PÉ®ªÀÅ NrºÉÆÃUÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ, Ȩ́ÆáÃlUÉÆ¼ÀÄîªÀ £ÀPÀëvÀæUÀ½AzÀ®Æ GzÀAiÀÄªÁUÀ§ºÀÄzÀÄ. PÉ®ªÀÅ AiÀÄÄUÀ¼À 
£ÀPÀëvÀæUÀ¼ÁV C£ÉÃPÀ ®PÀë ªÀµÀðUÀ¼ÀÄ fÃ«¹zÀÄÝ CPÀ¸Áävï PÀ¥ÀÄàgÀAzÀæzÀ À̧«ÄÃ¥À §AzÀÄ AiÀÄÄUÀ¼ÀzÀ°è MAzÀÄ 
CzÀPÉÌ DºÀÄwAiÀiÁV ªÀÄvÉÆÛAzÀÄ CzÀ¢AzÀ vÀ¦à¹PÉÆAqÀÄ Nr ¥À¯ÁAiÀÄ£ÀUÉÆ¼ÀÄîvÀÛªÉ. MAzÀÄ PÁ®zÀ°è zÉÊvÀå 
£ÀPÀëvÀæUÀ¼ÁVzÀÝ PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼ÀÄ PÀ¥ÀÄàgÀAzÀæªÁV CªÉÃ NqÀ®Ä ¥ÁægÀA©ü¸ÀÄvÀÛªÉ. »ÃUÉ vÁgÁ ªÀ®AiÀÄzÀ°è 
C£ÉÃPÀ WÀl£ÉUÀ½UÉ ¸ÀA§A¢ü¹zÀAvÉ ¥À¯ÁAiÀÄ£ÀªÁV NqÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ À̧A¨sÀ« À̧ÄvÀÛªÉ. Nr 
¥À¯ÁAiÀÄ£ÀUÉÆ¼ÀÄîªÀ £ÀPÀëvÀæUÀ¼À §UÉÎ PÉ®ªÀÅ ¤zÀ±Àð£ÀUÀ¼À ªÀÄÆ®PÀ F PÉ¼ÀUÉ PÉÆqÀ¯ÁVzÉ. 

• gÉÃrAiÉÆÃ zÀÆgÀzÀ±ÀðPÀzÀ «ÃPÀëuÉ¬ÄAzÀ F ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄªÀ £ÀPÀëvÀæUÀ¼À ªÀÄÆ¯Á£ÉéÃµÀuÉ 

ªÀiÁrzÁUÀ 1961gÀ°è RUÉÆÃ¼À«eÁÕ¤ ¨ÁèªïgÀ (𝐵𝑙𝑎𝑎𝑢𝑤 )¸ÀA±ÉÆÃzsÀ£ÉAiÀÄAvÉ JE DjUÀÆå 

(𝐴𝐸 𝐴𝑢𝑟𝑖𝑔𝑎𝑒) ªÀÄvÀÄÛ JA PÉÆ®ªÀiï¨É (𝑀𝑢 𝐶𝑜𝑙𝑢𝑚𝑏𝑎𝑒) ªÀÄvÀÄÛ MjAiÀÄ£ï ¨ÉÊ£ÀjUÀ¼À PÀPÉëUÀ¼ÀÄ 
MAzÀ£ÉÆßAzÀÄ bÉÃ¢ À̧®ànÖgÀÄªÀÅzÀ£ÀÄß «ÃQë¹zÀÝgÀÄ. EzÀjAzÀ £ÀPÀëvÀæUÀ¼ÀÄ MAzÀ£ÉÆßAzÀÄ ¥Àæw s̈Àn¹zÁUÀ 
PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼À ªÉÃUÀªÀÅ ºÉZÁÑV vÀªÀÄä PÀPÉë¬ÄAzÀ ºÉÆgÀ§AzÀÄ ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄvÀÛªÉAiÉÄAzÀÄ 
w½zÀÄ§A¢zÉ. 2005gÀ°è ¸ÁªÀiÁ£Àå vÁgÉAiÀÄ JgÀqÀgÀµÀÄÖ ªÉÃUÀzÀ CAzÀgÉ 500 Q.«ÄÃ/ Ȩ́PÉAqï 
ªÉÃUÀzÀ°è ZÀ°¸ÀÄªÀ vÁgÉUÀ¼À£ÀÄß PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ. EzÀÄªÀgÉUÉ 30 ªÉÃUÀzÀ vÁgÉUÀ¼À£ÀÄß 
PÀAqÀÄ»rAiÀÄ¯ÁVzÉ. 

• ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ M CxÀªÁ © UÀÄA¦£À ¥ÁæAiÀÄzÀ £ÀPÀëvÀæUÀ¼ÁVgÀÄvÀÛªÉ. GzÁºÀgÀuÉUÉ 

¹Ãól ¥À¦àÃ¸ï(𝑍𝑒𝑡𝑎 𝑃𝑢𝑝𝑝𝑖𝑠) JAzÀÄ PÀgÉAiÀÄÄªÀ 𝑜5 £ÀPÀëvÀæUÀ¼ÀÄ, ªÀÄÆå PÉÆ¯ÉÆA© 

(𝑀𝑢 𝐶𝑜𝑙𝑢𝑚𝑏𝑎𝑒) ªÀÄÄAvÁzÀ £ÀPÀëvÀæUÀ¼À GµÁÚA±À 42 ¸Á«gÀ PÉ°é£ï EzÀÄÝ  

            ¥À¯ÁAiÀÄ£ÀªÁ¢ £ÀPÀëvÀæUÀ¼ÀÄ 

                                             qÁ. ±ÁgÀzÁ £ÁUÀ s̈ÀÆµÀt 

 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

40 

 

 
 
¸ÀÆAiÀÄð¤VAvÀ CwÃªÀ ¥ÀæPÁ±ÀªÀiÁ£ÀªÁVgÀÄvÀÛªÉ. F §UÉAiÀÄ £ÀPÀëvÀæUÀ¼ÀÄ AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼À 
¸À«ÄÃ¥ÀzÀ°è WÀµÀðuÉ À̧A¨sÀ«¹zÀgÉ D AiÀÄÄUÀ¼ÀUÀ¼ÀÄ É̈ÃgÉ É̈ÃgÉAiÀiÁV ¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ 
NrºÉÆÃUÀ§ºÀÄzÉA§ ¥Àæ¸ÁÛªÀ£ÉAiÀÄ£ÀÄß qÀZï RUÉÆÃ¼À«eÁÕ¤AiÀiÁzÀ CræAiÀÄ£ï ¨ÁèªÀÅ 

((𝐴𝑑𝑟𝑖𝑎𝑎𝑛 𝐵𝑙𝑎𝑎𝑢𝑤) ªÉÆzÀ®Ä À̧°è¹zÀgÀÄ.  

• zÉÊvÀå £ÀPÀëvÀæUÀ¼ÀÄ WÀµÀðuÉUÉÆ¼ÀUÁV ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄ«PÉ: eÉÃªÀiïì ªÉ¨ï zÀÆgÀzÀ±ÀðPÀªÀÅ vÉUÉzÀ 
avÀætªÀÅ w½ À̧ÄªÀAvÉ s̈ÀÆ«ÄUÉ zÀQët CAvÀjPÀëzÀ°è 161000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è zÉÆqÀØ 

ªÀiÁåUÀè¤Pï PËèqï£À°ègÀÄªÀ vÀgÀAvÀÄ¯Á £É§Ä¯Á (𝑇𝑎𝑟𝑎𝑛𝑡𝑢𝑙𝑎 𝑁𝑒𝑏𝑢𝑙𝑎)ªÀÅ £ÀªÀÄä QëÃgÀ¥ÀxÀ 

UÁå¯ÁQìAiÀÄ À̧«ÄÃ¥ÀzÀ°èzÉ. EzÀ£ÀÄß 30r qÉÆgÁqÀ¸ï (30𝐷 𝐷𝑜𝑟𝑎𝑑𝑢𝑠)  JAzÀÆ PÀgÉAiÀÄÄªÀgÀÄ.  

EzÀgÀ°ègÀÄªÀ    𝑅136 £ÀPÀëvÀæ¥ÀÄAdzÀ°è   C£ÉÃPÀ AiÀÄÄªÀ zÉÊvÀå £ÀPÀëvÀæUÀ¼ÀÄ ºÀÄlÄÖªÀ vÁtªÁVzÉ. 
CªÀÅUÀ¼À°è C£ÉÃPÀ £ÀPÀëvÀæUÀ¼ÀÄ ¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ NqÀÄwÛªÉ. ºÉÃUÉAzÀgÉ MAzÀÄ £ÀPÀëvÀæªÀÅ CzÀgÉÆqÀ£É 
GzÀ¬Ä¹zÀ EvÀgÀ £ÀPÀëvÀæUÀ¼À UÀÄgÀÄvÁéPÀµÀðuÉ¬ÄAzÀ CAwªÀÄªÁV CzÀ£ÀÄß ªÀåªÀ Ȩ́Ü¬ÄAzÀ 
ºÉÆgÀºÁPÀÄªÀªÀgÉUÉ J¸ÉAiÀÄ®àqÀÄvÀÛzÉ. £Á¸Á ºÉÃ¼ÀÄªÀAvÉ, eÉÃªÀiïì ªÉ¨ïzÀÆgÀzÀ±ÀðPÀzÀ°ègÀÄªÀ 

CªÀUÉA¥ÀÄ PÁåªÀÄgÁªÀÅ PÁ¹äPï zsÀÆ½£À°è 
ªÀÄÄ À̧ÄQzÀ C£ÉÃPÀ AiÀÄÄªÀ £ÀPÀëvÀæUÀ¼À£ÀÄß 
UÀÄgÀÄw¸ÀÄªÀ°è ¸ÀºÀPÁjAiÀiÁVªÉ. »ÃUÉ zÉÊvÀå AiÀÄÄªÀ 
£ÀPÀëvÀæUÀ¼ÁVzÀÄÝ CªÀÅUÀ¼ÉÆqÀ£É £ÀÆåmÁæ£ï £ÀPÀëvÀæ 
CxÀªÁ PÀ¥ÀÄàgÀAzÀæUÀ½gÀ¢zÀÝgÉ CªÀÅ 
¸ÀÆ¥À£ÉÆÃðªÀ¢AzÀ ºÉÆgÀºÁPÀ®àqÀzÉ CzÀgÀ 
UÀÄA¦£À̄ ÉèÃ ¥ÀgÀ¸ÀàgÀ QæAiÉÄ £ÀqÉzÀÄ PÉ®ªÀÅ 
¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ NqÀÄvÀÛªÉ (avÀæ 1). 
    

• PÀ¥ÀÄàgÀAzÀæªÉÃ ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄ«PÉ: PÀ¥ÀÄà 
gÀAzÀæªÀÅ F »AzÉ MAzÀÄ PÁ®zÀ°è zÉÆqÀØ £ÀPÀëvÀæªÁV ¥ÀæPÁ²¸ÀÄwÛvÀÄÛ. F PÀ¥ÀÄàgÀAzÀæªÉÃ PÉ®ªÀÅ 
UÁå¯ÁQì¬ÄAzÀ Nr ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄªÀÅzÀ£ÀÄß «ÃQȩ̈ À¯ÁVzÉ. 20 ®PÀë ¸ÀÆAiÀÄðgÀ£ÀÄß vÀÆUÀÄªÀ 
PÀ¥ÀÄàgÀAzÀæªÀÅ 2 ®PÀë eÉÆåÃwªÀðµÀð zÀÆgÀ ¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ NrºÉÆÃVgÀÄªÀÅzÀ£ÀÄß ºÀ§¯ï ¨ÁºÁåPÁ±À 

zÀÆgÀzÀ±ÀðPÀªÀÅ Ȩ́gÉ»r¢zÉ. EzÀgÀ 
ªÉÃUÀ J¶ÖvÉÛAzÀgÉ CzÀÄ s̈ÀÆ«Ä¬ÄAzÀ 
ZÀAzÀæ£ÀÄß ªÀÄÄlÖ®Ä CzÀPÉÌ 14 
¤«ÄµÀUÀ¼ÀÄ ¸ÁPÀÄ. »ÃUÉ £ÀªÀÄä 
QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ JgÀqÀgÀµÀÄÖ 
zÀÆgÀ NqÀÄªÁUÀ zÁjAiÀÄ 
£ÀPÀëvÀæUÀ¼À£ÀÄß £ÀÄAUÀ®Ä CªÀPÁ±ÀªÉÃ 
E®èzÉ C£ÉÃPÀ ºÉÆ¸À £ÀPÀëvÀæUÀ¼ÀÄ 
gÀÆ¥ÀÄUÉÆ¼Àî®Ä C£ÀÄªÀÅ ªÀiÁrPÉÆnÖzÉ 
(avÀæ 2). 
  

avÀæ 1   vÀgÀAvÀÄ¯Á £É§Ä¯ÁzÀ°è NqÀÄwÛgÀªÀ AiÀÄÄªÀ zÉÊvÀå£ÀPÀëvÀæ 

avÀæ 2    PÀ¥ÀÄàgÀAzÀæªÉÃ UÁå¯ÁQì¬ÄAzÀ Nr ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄªÀ avÀæt 
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PÀ¥ÀÄàgÀAzÀæ¢AzÀ ¥ÁgÁV ¥À̄ ÁAiÀÄ£ÀUÉÆ¼ÀÄî«PÉ: £ÀPÀëvÀæUÀ¼ÀÄ JµÀÄÖ ªÉÃUÀªÁV ¥À¯ÁAiÀÄ£À ªÀiÁqÀÄvÀÛªÉAiÉÄAzÀgÉ 
¥ÀÆwð «Ä°ÌªÉÃ UÁå¯ÁQìAiÀÄ UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄÆ CzÀ£ÀÄß ¤°ȩ̀ À¯ÁUÀÄªÀÅ¢®è. 1988gÀ ¤®Ä«£ÀAvÉ JgÀqÀÄ 
AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ MAzÀ£ÉÆßAzÀÄ À̧ÄvÀÄÛwÛzÀÄÝ CªÀÅ MAzÀÄ PÀ¥ÀÄàgÀAzÀæzÀ §½ §AzÁUÀ CªÀÅUÀ¼À°è MAzÀÄ 
£ÀPÀëvÀæªÀÅ PÀ¥ÀÄàgÀAzÀæzÀ PÀPÉëAiÀÄ°è PÉÆ£ÉUÉÆAqÀgÉ, ªÀÄvÉÆÛAzÀÄ eÉÆÃ°AiÀÄAvÉ ºÉÆgÀºÁPÀ®àlÄÖ Nr 
¥À¯ÁAiÀÄ£ÀUÉÆ¼ÀÄîvÀÛªÉ. EAvÀºÀ MAzÀÄ NqÀÄªÀ £ÀPÀëvÀæªÀ£ÀÄß ºÁªÀðqïð£À RUÉÆÃ¼À«eÁÕ¤ ¥ÉÆæ. ªÁgÀ£ï ̈ Ëæ£ï 
PÀAqÀÄ»r¢zÁÝgÉ.  

180,000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ ºÉÊqÁæ £ÀPÀëvÀæ¥ÀÄAdzÀ MAzÀÄ £ÀPÀëvÀæªÀÅ Ȩ́PÉArUÉ 700 Q.«ÄÃ. 
ªÉÃUÀzÀ°è (¨sÀÆ«ÄAiÀÄ 25 ¥ÀlÄÖ PÀPÁë ªÉÃUÀ) ¥À¯ÁAiÀÄ£À ªÀiÁqÀÄwÛgÀÄªÀÅzÀ£ÀÄß Cj¸ÉÆÃ£À JA.JA.n 
«ÃPÀëuÁ®AiÀÄzÀ°è «ÃQë¹zÁÝgÉ. F £ÀPÀëvÀæªÀÅ AiÀÄÄUÀ¼ÀzÀ°è MAzÁVzÀÄÝ, 80 zÀ±À®PÀë ªÀµÀðUÀ¼À »AzÉ MAzÀÄ 
PÀ¥ÀÄàgÀAzÀæzÀ À̧«ÄÃ¥À¢AzÀ ºÉÆgÀºÁPÀ®ànÖzÉAiÉÄAzÀÄ zÁR°¹zÁÝgÉ.   

 S5 − HVS1:  2019gÀ°è PÁ£ÀðV ªÉÄ®£ï «±Àé«zÁå®AiÀÄzÀ ¥ÁæzsÁå¥ÀPÀgÁzÀ ¥ÉÆæ. ¸Àfð PÉÆ¥ÉÆ¸ÉÆªï 

(𝑆𝑒𝑟𝑔𝑦 𝐾𝑜𝑝𝑜𝑠𝑜𝑣) JA§ RUÉÆÃ¼À«eÁÕ¤AiÀÄÄ PÀAqÀÄ»rzÀ 𝑆5 − 𝐻𝑉𝑆1 JA§ GµÀÚvÉ¬ÄAzÀ 
PÀÆrzÀ J mÉÊ¥ï NqÀÄªÀ £ÀPÀëvÀæªÁVzÉ. EzÀÄ 1755 Q.«ÄÃ./¸ÉPÉAqï ªÉÃUÀzÀ°è zÀQët DUÀ¸ÀzÀ°è 
NqÀÄwÛgÀÄªÀÅzÀ£ÀÄß VAiÀiÁ ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀªÀÅ avÀætªÀ£ÀÄß Ȩ́gÉ»r¢zÉ. s̈ÀÆªÀ®AiÀÄ¢AzÀ 29000 
eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ F £ÀPÀëvÀæzÀ £ÀA§®¸ÁzsÀåªÁzÀ ¥ÀæAiÀiÁtªÀÅ QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ ªÀÄzsÀåzÀ 
¥ÀæzÉÃ±À¢AzÀ ¥ÁægÀA s̈ÀªÁV À̧ÄªÀiÁgÀÄ 5 zÀ±À®PÀë ªÀµÀðUÀ½AzÀ®Æ NqÀÄwÛzÀÄÝ, Cw ºÉaÑ£À ªÉÃUÀzÀ°è F 
UÁå¯ÁQìAiÀÄ£ÀÄß ¥À¯ÁAiÀÄ£À ªÀiÁqÀÄªÀ J¯Áè À̧ÆZÀ£ÉUÀ¼ÀÄ PÀAqÀÄ§gÀÄvÀÛªÉAiÉÄAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À 
¸ÀA±ÉÆÃzsÀ£É¬ÄAzÀ w½zÀÄ§gÀÄvÀÛzÉ.    

F 𝑆5 − 𝐻𝑉𝑆1 £ÀPÀëvÀæPÉÌ F ºÉÊ¥Àgï ªÉÃUÀªÀÅ ºÉÃUÉ §A¢zÉAiÉÄA§ »£Éß¯ÉAiÀÄ£ÀÄß ºÀÄqÀÄQzÁUÀ «eÁÕ¤UÀ½UÉ 
zÉÆgÉvÀ ªÀiÁ»wAiÀÄ ¥ÀæPÁgÀ EzÀÄ QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ ªÀÄzsÀåzÀ°è ªÀÄvÉÆÛAzÀÄ AiÀÄÄUÀ¼À vÁgÉAiÉÆqÀ£É 
¸ÀAZÀj À̧ÄwÛgÀÄªÁUÀ 4 zÀ±À®PÀë À̧ÆAiÀÄðgÀ zÀæªÀågÁ²AiÀÄ£ÉÆß¼ÀUÉÆAqÀ P À¥ÀÄàgÀAzÀæªÁzÀ ‘ À̧UÀmÉÃjAiÀÄ¸ï J’ 

(𝑆𝑎𝑔𝑖𝑡𝑡𝑎𝑟𝑖𝑢𝑠 𝐴) À̧«ÄÃ¥À §AzÁUÀ CzÀjAzÀ vÀ£Àß À̧ºÀvÁgÉAiÀÄÄ s̈ÀQȩ̈ À®àlÄÖ, F 𝑆5 − 𝐻𝑉𝑆1 
vÁgÉAiÀÄÄ PÀªÀuÉAiÀÄAvÀæzÀAvÉ ºÉÆgÀªÀÄÄR£ÁV J¸ÉAiÀÄ®àlÄÖ ºÉÊ¥Àgï ªÉÃUÀzÀ°è NqÀ®Ä ¥ÁægÀA©ü¹vÀÄ. EzÀ£ÀÄß 
»¯ïì ªÉÄPÁå¤¸ÀA JAzÀÄ PÀgÉAiÀÄ¯ÁVzÉ. F £ÀPÀëvÀæªÀÅ »ÃUÉ Nr ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄwÛgÀÄªÁUÀ¯ÉÃ PÀæªÉÄÃt 
PÉA¥ÀÄzÉÊvÀåªÁV vÀ£Éß¯Áè C¤®ªÀ£ÀÄß ºÉÆgÀºÁQ £ÀAvÀgÀ PÀqÉAiÀÄ°è ±ÉéÃvÀPÀÄ§ÓªÁV «±ÁæAw¥ÀqÉAiÀÄÄªÀ 
¨sÀ«µÀåªÀ£ÀÄß ºÉÆA¢zÉ. 

¥ÀPÀÌzÀ UÁå¯ÁQì¬ÄAzÀ s̈ÉÃnPÉÆqÀÄªÀ ¥À̄ ÁAiÀÄ£ÀªÁ¢ vÁgÉUÀ¼ÀÄ: PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼ÀÄ ¨ÉÃgÉ UÁå¯ÁQì¬ÄAzÀ £ÀªÀÄä 
«Ä°ÌªÉÃ UÁå¯ÁQìUÉ NqÀÄvÁÛ §AzÀÄ s̈ÉÃnPÉÆlÄÖ ºÉÆÃUÀÄªÀ vÁgÉUÀ¼À£ÀÄß VAiÀiÁ ¨ÁºÁåPÁ±À G¥ÀUÀæºÀªÀÅ 
¸À«ÄÃPÉë ªÀiÁrzÉ. CzÀgÀ ¥ÀæPÁgÀ £ÀªÀÄä QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ ¸ÀÄvÀÛ 163000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è EgÀÄªÀ 

¯Áeïð ªÀiÁåUÀè¤Pï PËèqï(𝐿 𝑀 𝐶)£À°è ¸ÀAZÀj À̧ÄwÛgÀÄªÀ PÀÄ§Ó UÁå¯ÁQìUÀ¼ÀÄ £ÀªÀÄä QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ£ÀÄß 
¸ÉPÉAqÀUÉ 400 Q.«ÄÃ. ªÉÃUÀzÀ°è ¸ÀÄvÀÄÛwÛªÉ. F ªÉÃUÀzÀ PÀÄ§Ó UÁå¯ÁQìUÀ¼À°ègÀÄªÀ PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼ÀÄ ªÀÄvÀÄÛ  
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PÀ¥ÀÄàgÀAzÀæUÀ¼ÀÄ NqÀÄwÛgÀÄªÀ gÉÊ°¤AzÀ ºÉÆqÉzÀ §Ä¯Émï£ÀAvÉ QëÃgÀ¥ÀxÀ UÁå¯ÁQìUÉ ºÁj ªÀ® Ȩ́ §AzÀÄ Nr 
¥À¯ÁAiÀÄ£ÀªÀiÁqÀÄwÛªÉ. 

ºÉÊ¥Àgï ªÉÃUÀzÀ NqÀÄwÛgÀÄªÀ £ÀPÀëvÀæUÀ¼À GzÀAiÀÄ 

2023 gÀ°è ºÁªÀðqïð ¹ävÉÆìÃ¤AiÀÄ£ï ¸ÉAlgï ¥sÁgï C Ȩ́ÆÖçÃ¦ü¹Pïì£À RUÉÆÃ¼À«eÁÕ¤AiÀiÁzÀ ¥ÉÆæ. PÀjÃªÀiï 
J¯ï-§ræ ªÀÄvÀÄÛ CªÀgÀ vÀAqÀzÀ C£ÉéÃµÀuÉAiÀÄAvÉ, £ÀªÀÄä QëÃgÀ¥ÀxÀ UÁå¯ÁQì¬ÄAzÀ 4 £ÀPÀëvÀæUÀ¼ÀÄ ºÉÊ¥Àgï 
ªÉÃUÀzÀ°è ¥À¯ÁAiÀÄ£ÀUÉÊzÀÄ NqÀÄªÀ £ÀPÀëvÀæUÀ¼À£ÀÄß C£ÉéÃµÀuÉ ªÀiÁrzÁÝgÉ. GzÁºÀgÀuÉUÉ eÉ1235 £ÀPÀëvÀæªÀÅ 
¸ÉPÉArUÉ 1694 Q.«ÄÃ. ªÉÃUÀªÀ£ÀÄß ªÀÄvÀÄÛ eÉ0927 £ÀPÀëvÀæªÀÅ CzÀQÌAvÀ®Æ ºÉZÀÄÑ 2285 Q.«ÄÃ./ Ȩ́PÉAqï 

ªÉÃUÀ¢AzÀ NqÀÄwÛzÀÄÝ, QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ «ªÉÆÃZÀ£Á ªÉÃUÀ (𝑒𝑠𝑐𝑎𝑝𝑒 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦)QÌAvÀ®Æ ºÉZÀÄÑ 
ªÉÃUÀªÀ£ÀÄß ¥ÀqÉ¢ªÉ. 

F ºÉÊ¥Àgï ªÉÃUÀªÀ£ÀÄß ¥ÀqÉAiÀÄÄªÀ £ÀPÀëvÀæUÀ¼À GzÀAiÀÄªÀÅ PÉ¼ÀV£ÀAvÉ «ªÀj¸À¯ÁVzÉ. RUÉÆÃ¼À«eÁÕ¤UÀ¼À ¥ÀæPÁgÀ 
mÉÊ¥ï1J À̧Æ¥À£ÉÆÃðªÀ-‘¸ÁØAqÀqïð PÁåAqÀ¯ï’DV «±ÀéªÀ£ÀÄß C¼ÉAiÀÄÄªÀ ªÀiÁ£ÀzÀAqÀªÁVzÉ. £ÀPÀëvÀæªÀÅ vÀ£Àß 

MqÀ£ÁrAiÀiÁzÀ ±ÉéÃvÀPÀÄ§ÓzÉÆqÀ£É À̧ÄvÀÄÛªÁUÀ CªÀÅ ¤uÁðAiÀÄPÀ gÁ² (𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑚𝑎𝑠𝑠)AiÀÄ£ÀÄß vÀ®Ä¦ 
CªÀÅUÀ¼À ¥ÀæPÁ±ÀvÉAiÀÄÄ GvÀÄÛAUÀªÀ£ÀÄß vÀ®Ä¥ÀÄvÀÛªÉ. DUÀ À̧Æ¥À£ÉÆÃðªÀ Ȩ́ÆáÃlªÀ£ÀÄß PÁt§ºÀÄzÀÄ. ±ÉéÃvÀPÀÄ§Ó 
£ÀPÀëvÀæUÀ¼À zÀæªÀågÁ²AiÀÄ «ÄwAiÀÄÄ ZÀAzÀæ±ÉÃRgï «ÄwAiÀiÁzÀ À̧ÆAiÀÄð£À zÀæªÀågÁ²AiÀÄ 1.4 QÌAvÀ®Æ 
ºÉZÁÑVzÀÝ°è CªÀÅ C¹ÜgÀªÁV mÉÊ¥ï 1J ¸ÀÆ¥À£ÉÆÃðªÀ DV ¹rAiÀÄÄvÀÛªÉ. 

PÀÄ¹AiÀÄÄwÛgÀÄªÀ ±ÉéÃvÀPÀÄ§ÓªÀÅ vÀ£Àß AiÀÄÄUÀ¼À MqÀ£ÁrAiÀÄ À̧ÄvÀÛ ¸ÀÄvÀÄÛªÁUÀ CzÀjAzÀ ºÉÆgÀºÁQzÀ zÀæªÀåªÀ£ÀÄß 
£ÀÄAV ¸ÁUÀÄvÀÛzÉ. D zÀæªÀåªÀÅ »Ã°AiÀÄA DVzÀÝ°è F ¥ÀæQæAiÉÄAiÀÄÄ ¥ÀgÀªÀiÁtÄ ¸ÉÆáÃlªÀ£ÀÄßAlÄªÀiÁr ºÉÆ¸À 
NqÀÄªÀ £ÀPÀëvÀæUÀ¼À£ÀÄßAlÄ ªÀiÁqÀÄªÀ ¸ÁzsÀåvÉ ºÉZÀÄÑ. F Ȩ́ÆáÃlzÀ DWÁvÀPÁj vÀgÀAUÀ¢AzÀ ±ÉéÃvÀPÀÄ§ÓzÀ°è 
ªÀÄvÉÆÛAzÀÄ CªÀ£ÀwºÉÆAzÀÄªÀ JgÀqÀ£ÉÃ Ȩ́ÆáÃlªÀÅAmÁV GAmÁzÀ £ÀPÀëvÀæªÀ£ÀÄß vÀ¼ÀÄîªÀÅzÀjAzÀ CzÀÄ ªÀÄvÀÛµÀÄÖ 
DªÉÃUÀªÀ£ÀÄß ¥ÀqÉzÀÄ Nr ¥À¯ÁAiÀÄ£ÀUÉÊAiÀÄÄvÀÛzÉ. 

EwÛÃZÉUÉ RUÉÆÃ¼À«eÁÕ¤ V¯ïì ¥sÉgÁAqï (𝐺𝑖𝑙𝑙𝑒𝑠 𝐹𝑒𝑟𝑟𝑎𝑛𝑑) vÀAqÀzÀªÀgÀ À̧A±ÉÆÃzsÀ£ÉAiÀÄAvÉ ºÉÊ¥Àgï 

ªÉÃUÀzÀ°è NqÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ ºÉaÑ£À Ȩ́ÆáÃlzÀ §®ªÀ£ÀÄß ºÉÆA¢gÀÄªÀ 𝐷6 À̧Æ¥À£ÉÆÃðªÀUÀ½AzÀ 
GAmÁUÀÄvÀÛªÉAiÉÄA§ÄzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À À̧A±ÉÆÃzsÀ£ÉAiÀÄ°èzÉ. CzÀ£ÀÄß ‘qÉÊ£À«ÄPÀ° qÉæöÊªÀ£ï qÀ§¯ï-

rd£ÀgÉÃmï qÀ§¯ï-rmÉÆÃ£ÉÃµÀ£ï’ 𝐷6 «zÀåªÀiÁ£ÀªÉAzÀÄ ºÉ À̧gÀÄ. EzÀPÉÌ GzÁºÀgÀuÉAiÀiÁV MAzÀÄ 
±ÉéÃvÀPÀÄ§ÓªÀÅ vÀ£Àß AiÀÄÄUÀ¼ÀªÁzÀ ªÀÄvÉÆÛAzÀÄ £ÀPÀëvÀæzÉÆqÀ£É ¸ÀÄvÀÄÛwÛzÀÝgÉ PÀæªÉÄÃt vÀ£Àß CUÁzsÀ zÀæªÀågÁ²¬ÄAzÀ 
PÀÄ¹vÀªÀ£ÀÄß PÀAqÀÄ, ¸À«ÄÃ¥ÀzÀ AiÀÄÄUÀ¼À £ÀPÀëvÀæ¢AzÀ®Æ zÀæªÀåªÀ£ÀÄß ºÉÆgÀºÁPÀÄªÀAvÉ ªÀiÁqÀÄvÀÛzÉ. CzÀÄ 

»Ã°AiÀÄA DVzÀÝ°è ±ÉéÃvÀPÀÄ§ÓzÀ°è xÀªÉÆÃð£ÀÆåQèAiÀÄgï ¸ÉÆáÃlªÀÅAmÁV ¥À¯ÁAiÀÄ£À ªÀiÁqÀÄªÀ 𝐷6 £ÀPÀëvÀæUÀ¼ÀÄ 
GzÀ¬Ä¸À®Ä PÁgÀtªÁUÀÄvÀÛzÉ.  »Ã°AiÀÄA ¸ÉÆáÃl¢AzÀ GvÀàwÛAiÀiÁzÀ ±ÁPïªÉÃªï ±ÉéÃvÀPÀÄ§ÓzÀ ªÀÄzsÀåzÀ°è 
ªÀÄvÉÆÛAzÀÄ Ȩ́ÆáÃlªÉÃ¥ÀðqÀÄªÀAvÉ ªÀiÁqÀÄvÀÛzÉ. F qÀ§¯ï-rd£ÀgÉÃmï qÀ§¯ï-rmÉÆÃ£ÉÃµÀ£ï¤AzÀ Nr  
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¥À¯ÁAiÀÄ£ÀªÀiÁqÀÄªÀ 𝐷6 £ÀPÀëvÀæªÀÅ ºÉÊ¥Àgï ªÉÃUÀªÀ£ÀÄß ¥ÀqÉAiÀÄÄvÀÛªÉ. EzÀ£ÀÄß AiÀÄÆgÉÆÃ¦AiÀÄ£ï ¨ÁºÁåPÁ±À 

«ÃPÀëuÁ®AiÀÄªÁzÀ UÉÊAiÀiÁ ((𝐺𝐴𝐼𝐴) UÀÄgÀÄw¹zÉAiÉÄAzÀÄ ªÀgÀ¢AiÀiÁVzÉ. 

¥À̄ ÁAiÀÄ£ÀUÉÊAiÀÄÄªÀ £ÀPÀëvÀæUÀ½AzÀ CAvÀjPÀëzÀ¯ÁèUÀÄªÀ ¥ÀjuÁªÀÄ  

AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ CxÀªÁ £ÀPÀëvÀæUÀ¼À UÀÄA¦¤AzÀ ¨ÉÃgÉAiÀiÁV NqÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ CAvÀgÀ vÁgÁ ªÀ®AiÀÄzÀ°è 

©°è£ÀAvÉ WÀµÀðuÉ(𝑏𝑜𝑤 𝑠ℎ𝑜𝑐𝑘𝑠)AiÀÄ£ÀÄßAlÄªÀiÁqÀÄªÀÅzÀjAzÀ UÁªÀiÁ QgÀtUÀ¼ÀÄ GvÀàwÛAiÀiÁUÀÄvÀÛªÉ. 

ºÉaÑ£À GµÀÚvÉ¬ÄAzÀ PÀÆrzÀ C£ÉÃPÀ NqÀÄªÀ zÉÊvÀå £ÀPÀëvÀæUÀ¼ÀÄ UÁå¯ÁQìUÀ¼À ºÉÆgÀºÀjªÀ£ÀÄß ºÉZÀÄÑ 
ªÀiÁqÀÄªÀÅzÀgÀ°è ¸ÀºÀPÁjAiÀiÁVªÉ. ºÉZÀÄÑ ±ÁR¢AzÀ PÀÆrzÀ F zÉÊvÀåUÀ¼ÀÄ PÀrªÉÄ ¸ÁAzÀævÉAiÀÄÄ¼Àî 
CAvÀgÀvÁgÁ ªÀ®AiÀÄzÀ°è £ÀÆgÁgÀÄ eÉÆåÃwªÀðµÀð ̧ ÀAZÀj¸ÀÄªÁUÀ zÀæªÀå±ÀQÛ, DªÉÃUÀªÀ£ÀÄß ̧ ÀAUÀæ»¹ ±ÉÃRgÀuÉ 
ªÀiÁqÀÄvÀÛªÉ. EªÀÅ UÁå¯ÁQìAiÀÄ CAa£ÀªÀgÉUÀÆ À̧AZÀj¸ÀÄªÁUÀ zÀæªÀå±ÀQÛUÀ¼À£ÀÄß ºÉÆgÀºÁPÀÄªÀÅzÀjAzÀ 
¢ÃWÁðªÀ¢üAiÀÄ°è ºÉÆ¸À £ÀPÀëvÀæUÀ¼ÀÄ GzÀAiÀÄªÁUÀ®Ä ¸ÀºÀPÁjAiÀiÁUÀÄªÀÅzÀÄ JAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À 
¸ÀA±ÉÆÃzsÀ£É¬ÄAzÀ w½zÀÄ§A¢zÉ. MnÖ£À°è F ¥À¯ÁAiÀÄ£À ªÀiÁqÀÄªÀ £ÀPÀëvÀæUÀ¼ÀÄ UÁå¯ÁQìUÀ¼À°è vÁgÉUÀ¼À 
GzÀAiÀÄªÁUÀ®Ä CªÀÅUÀ¼À eÉÆvÉ eÉÆvÉAiÀÄ°èAiÉÄÃ UÀæºÀUÀ¼ÉÆA¢UÉ vÁgÁªÀÄAqÀ®ªÀÅ gÀÆ¥ÀÄUÉÆ¼Àî®Ä 
¸ÀºÀPÁjAiÀiÁV C°è ¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄß ºÉaÑ¸ÀÄwÛªÉ.                           

  ¸ÀAUÀæºÀ: CAvÀeÁð® 

¤ºÁjPÁ 
 

£ÀUÀÄªÉÆUÀzÀ ¤ºÁjPÁ 
¤Ã £À s̈ÀzÀ° ¸ÀÄAzÀjAiÉÄAzÀÄ 

£Á ¤£Àß § É̄è || 
vÁgÉUÀ¼À ªÉÄÃ°£À vÉgÉAiÀÄAvÉ ¤Ã£ÀÄ 

CAvÀgÀ vÁgÁ ªÉÄÃWÀ ¤Ã£ÀÄ 
vÁgÁ ¯ÉÆÃPÀ ¤Ã£ÀÄ || 

AiÀÄªÀ£ÀgÀÄ PÀgÉªÀgÀÄ £É§Ä¯Á JAzÀÄ 
vÁgÉAiÀÄgÀÄ¢¥ÀgÀÄ ¤£Àß° ¸ÀAzÀÄ 
¤Ã£ÀªÀPÉ vÉÆnÖ®Ä JAzÉAzÀÄ || 

C¤®ªÀ vÀÄA© §Ä À̧ÄUÀÄlÄÖªÉ ©¹AiÀÄ° 
UÀÄgÀÄvÀé vÀÄA©zÀ WÀ£ÀvÉAiÀÄ° 

ZÀzÀÄgÀÄªÉ C É̄èÃ §æºÁäAqÀzÀ° || 
PÁtÄªÉ ¤Ã ¤±ÉAiÀÄ° zÀÄ©Ãð¤AzÀ 
¤Ã PÁªÀÄ£À ©°è£À §tÚzÀ Q£Àßj 

 

CªÉ®è C¤®zÀ bÁAiÉÄ¬ÄAzÀ || 
PÀÈµÀÚ¤ºÁjPÉAiÀÄjºÀgÀÄ C£ÉÃPÀ 
C±Àé²gÁ s̈ÀÆ¶ E£ÉÆßAzÀÄ 

ªÀÄºÁªÁåzsÀ gÀÆ¦ ªÀÄvÉÆÛAzÀÄ || 
¸ÀÄ½UÀÄAr £Àn PÀjÃ£À ªÀÄwÛÃªÀðgÀÄ 

QÃ°gÀAzÀæ CªÀgÀ°ègÀÄªÀÅzÀÄ 
QëÃgÀ¥ÀxÀzÀ°èºÀgÀÄ CªÀgÉ®è || 

ªÀÄvÀìöåªÀÄÄT EºÀ¼ÉAzÀÄ ºÉÊUÀ£ïì ºÉÃ½zÀ 
ZÉAzÀzÀ ¥ÀZÉÑªÀtð ªÉÆUÀzÀªÀ¼ÉAzÀ 

ºÀ¶ð¯ï C£ÉéÃµÀuÉ ºÀÈzÀAiÀÄ ¤ºÁjPÀ || 
¤£Àß° CAzÀzÀ PÀÈµÀúgÀAzÉæAiÀÄqÀVºÀ¼ÀÄ 

MªÉÄä CªÀ¼ÉAzÀ¼ÀÄ 
£Á ¨É¼ÀPÀ £ÀÄAUÀÄªÉ ¤Ã£À¤® ºÉÆgÀ À̧Æ¸ÀÄªÉ || 
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ಈ ವಿಶ್ವ ಕಲ್ಪನಾತೀತವಾದದದು, ಇದರ ಸೃಷ್ಟಿ ರಹಸಯವನ್ದು ಭ ೀದಿಸಲ್ದ ಮಾನ್ವ ಅವಿರತವಾಗಿ 
ಶ್ರಮಿಸದತಿದ್ಾುನ . ತನ ುಲ್ಲ ಬದದಿಿಮತ್ ಿಯನ್ದು ಬಳಸಿ ವ ೈಜ್ಞಾನಿಕ ಉಪಕರಣಗಳನ್ದು ತಯಾರಿಸಿಕ  ೊಂಡದ 
ವಿಶ್ವದ ಇೊಂಚೊಂಚನ್ ು ನ  ೀಡಲ್ದ ಹಪಹಪಿಸಿದ್ಾುನ . ಅದಕಾಾಗಿ ಭ ಮಿಯ ಮೀಲ  ಬೃಹತ್ 
ದ ರದಶ್ಶಕಗಳನ್ದು ಪರತಷ್ಾಾಪಿಸಿದ್ಾುನ . ನ್ಭ  ೀಮೊಂಡಲ್ಕ ಾ ಉಪಗರಹಗಳನ್ ು ಹಾಗ  ಬಾಹಾಯಕಾಶ್ 
ದ ರದಶ್ಶಕಗಳನ್ ು ಹಾರಿಬಿಟ್ದಿ ಆಮ ಲ್ಕ ಜಗತಿನ್ದು ನ  ೀಡಲ್ದ ಪರಯತುಸಿದ್ಾುನ . ತ್ಾನ್ದ ಗರಹಿಸಿದ 
ಅೊಂಶ್ಗಳನ್ದು ಕ  ರೀಡೀಕರಿಸಿ, ಸಿದ್ಾಿೊಂತಗಳನ್ದು ರ ಪಿಸಿ, ಈ ವಿಶ್ವಕ  ಾೊಂದದ ರ ಪು-ಶ ೀಪು  ಕ  ಡಲ್ದ 
ಪರಯತುಸಿದ್ಾುನ . ಆಗಿೊಂದ್ಾಗ್ ೆ ತನ್ುದ್ ೀ ಸಿದ್ಾಿೊಂತಗಳನ್ದು ಮ ಲ ಗ್ ಸ ದದ, ವಿಶ್ವಕ ಾ ಹ  ಸ ಅರ್ಶ ಕಲ್ಪಪಸಿ,  
ತನ್ಗ್ ೀ ಸಮಾಧಾನ್ ಹ ೀಳಿಕ  ೊಂಡದ್ಾುನ . ಇಷ್ ಿಲಾಲ ಪರಯತುಗಳಾದರ   ಮಾನ್ವನ್ ಕಲ್ಪನ ಗ್  
ನಿಲ್ದಕಿರದವ ಜಗತದಿ ಶ ೀಕಡಾ 4 ರಷ್ದಿ ಮಾತರ. ಉಳಿದ ಶ ೀಕಡಾ 96ರಷ್ದಿ ಅಗ್  ೀಚರ ದರವಯ ಮತದ ಿ
ಅಗ್  ೀಚರ ಶ್ಕಿಿ ಆತನಿಗ್  ಇನ್ ು ಪರಶ ುಯಾಗಿಯೀ ಉಳಿದಿದ್ . ಆದರ  ವಿಶ್ವವನ್ದು ತಳಿದ್ ೀ ತೀರಬ ೀಕ ನ್ದುವ  
ಪರಯತುವನ್ದು ಮಾತರ ಆತ ಕ ೈಬಿಟ್ಟಿಲ್ಲ. ಈ ನಿಟ್ಟಿನ್ಲ್ಪಲ ಪರತೀಕ್ಷಣ ಜಗತನಿ್ ಮ ಲ  ಮ ಲ ಗಳಿೊಂದ 
ತೊಂತರಜ್ಞಾನ್ಗಳನ್ದು ಬಳಸಿ, ಸಾಧನ್ಗಳನ್ದು ರ ಪಿಸಿ, ರಾಕ ಟ್ ಗಳನ್ದು ಉಡಾಯಿಸಿ, ಅೊಂತರಿಕ್ಷದಲ್ಪಲ 
ನಿಲಾುಣಗಳನ್ದು ಸಾಾಪಿಸಿ, ಉಪಗರಹಗಳು ಮತದಿ ದ ರದಶ್ಶಕಗಳ ಮ ಲ್ಕ ಹ  ಸತನ್ದು ನಿರಿೀಕ್ಷಿಸದತ್ಾಿ 
ಎವ ಯಿಟ್ದಿ ಕಾಯದತಿದ್ಾುನ .  

ದೂರದಶಶಕಗಳು ಸೃಷ್ಟಿಯ ರಹಸಾವನ್ನು ಅರಿಯಲನ ಮಾನ್ವ ಕಂಡನಕ ೂಂಡ ಪ್ರಮನಖ ಸಾಧನ್ಗಳು  

ಸರಿ ಸದಮಾರದ ನಾಲ್ದಾನ್ ರದ ವಷ್ಶಗಳ ಹಿೊಂದ್  ಗ್ ಲ್ಪಲ್ಪಯೀ ಮೊದಲ್ಬಾರಿಗ್  ತ್ಾನ ೀ ತಯಾರಿಸಿದ ಸಣಣ  
ದ ರದಶ್ಶಕದ ಮ ಲ್ಕ ಚೊಂದರನ್ ಮೀಲ್ಪರದವ ಕದಳಿಗಳು, ಗದರದಗರಹದ ಉಪಗರಹಗಳು 
ಮದೊಂತ್ಾದವುಗಳನ್ದು ವಿೀಕ್ಷಿಸದವುದರ ಮ ಲ್ಕ ದ ರದಶ್ಶಕಗಳ ಬಳಕ ಗ್  ನಾೊಂದಿ ಹಾಡದ. 
ಗ್ ಲ್ಪಲ್ಪಯೀನ್ ಈ ಸಾಧನ ಯಿೊಂದ ಕಾಲಾನ್ೊಂತರ ಹ ಚ್ ೆಚದೆ ವಧಶನ ಯ ಸಾಮರ್ಯಶದ ದದಯತ 
ದ ರದಶ್ಶಕಗಳು ಅಭಿವೃದಿಿಗ್  ೊಂಡವು. ಸರ್ ಐಸಾಕ್ ನ್ ಯಟ್ನ್ ದ ರದಶ್ಶಕಗಳಲ್ಪಲ ಬ ಳಕಿನ್ 
ಸೊಂಗರಹಕ ಾ ಮಸ ರಗಳ ಬದಲಾಗಿ ದಪಶಣಗಳನ್ದು ಬಳಸಿದ. 

ಇೊಂದದ ಪರಪೊಂಚದ ಅನ ೀಕ ಭಾಗಗಳಲ್ಪಲ ವಿದದಯತ್ ಕಾೊಂತೀಯ ವಣಶಪಟ್ಲ್ದ ಪರತಯೊಂದದ ಅೊಂಗದಲ್ ಲ 
ವಿಕಿರಣವನ್ದು ಪತ್ ಹಿಚೆಲ್ದ ಮತದಿ ವಿಶ ಲೀಷ್ಟಸಲ್ದ ಸಮರ್ಶವಾದ ದ ರದಶ್ಶಕಗಳು ರ ಪುಗ್  ೊಂಡವ . 
ವಿವಿಧ ರಿೀತಯ ಸಹಾಯಕ ಸಾಧನ್ಗಳ ಆವಿಷ್ಾಾರದಿೊಂದ (ಉದ್ಾಹರಣ ಗ್  ಕಾಯಮರಾ, ಸ ಪಕ  ರೀಗ್ಾರಫ್  

ಜ ೇಮ್ಸ್  ವ ಬ್ ಬಾಹ್ಾಾಕಾಶ ದೂರದಶಶಕ- ಕಂಡೇತ ೇ ಜಗದ ಜಾತಕ? 
ಡಾ. ಟಿ. ಶಿವಲಂಗಸಾಾಮಿ, ಪ್ಾರಧಾಯಪಕರದ, ಸಾುತಕ  ೀತಿರ ಭೌತಶಾಸರ ವಿಭಾಗ, ಮಹಾರಾಣಿ ಮಹಿಳಾ ವಿಜ್ಞಾನ್ ಕಾಲ ೀಜದ 

ಡಾ. ಬಿ.ಎ. ಕಾಗಲ, ಪ್ಾರಧಾಯಪಕರದ(ನಿ), ಬ ೊಂಗಳೂರದ ವಿಶ್ವವಿದ್ಾಯಲ್ಯ 

 

ಕಾಲ ೀಜದ 
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ಮತದಿ ಚ್ಾರ್ಜಶ ಕಪಲ್ಡ್ ಸಾಧನ್ ಇತ್ಾಯದಿ) ಮತದಿ  ದ ರದಶ್ಶಕ ವಯವಸ ಾಗಳ ಜ  ತ್ ಯಲ್ಪಲ ಎಲ ಕಾರನಿಕ್, 
ಕೊಂಪಯಯಟ್ರ್, ರಾಕ ಟ್ ಮತದಿ ಬಾಹಾಯಕಾಶ್ ನೌಕ ಗಳ ಬಳಕ ಯಿೊಂದ ದ ರದಶ್ಶಕಗಳ ವಿೀಕ್ಷಣಾ 
ಸಾಮರ್ಯಶವನ್ದು ಇನ್ುಷ್ದಿ ಹ ಚೆಸಲಾಗಿದ್ . ಈ ಬ ಳವಣಿಗ್ ಗಳು ಸೌರಮೊಂಡಲ್, ಕ್ಷಿೀರಪರ್ ಗ್ ಲಾಕಿಿ, 
ನಿಹಾರಿಕ ಗಳು ಮದೊಂತ್ಾದವುಗಳನ್ದು ಅರಿಯಲ್ದ ಸಹಾಯ ಮಾಡವ  ಹಾಗ  ಒಟ್ಾಿರ ಯಾಗಿ ವಿಶ್ವದ 
ಬಗ್ ಗಿನ್ ವ ೈಜ್ಞಾನಿಕ ಜ್ಞಾನ್ದ ಪರಗತಗ್  ದ ರದಶ್ಶಕಗಳು ಕಾರಣಿೀಭ ತವಾಗಿವ . 

ದ ರದಶ್ಶಕಗಳ ಸಾಮರ್ಯಶವು ಅವು ಬ ಳಕನ್ದು ಸೊಂಗರಹಿಸದವ ಕೊಂಡಯ ವಿಸಿೀಿಣಶದ ಮೀಲ  
ಅವಲ್ೊಂಬಿತವಾಗಿರದತಿದ್ . ಹಾಗ್ಾಗಿ ಅತ ದ ರದ ಆಕಾಶ್ಕಾಯಗಳ ಬಿೊಂಬವನ್ದು ಸಪಷ್ಿವಾಗಿ 
ದ್ಾಖಲ್ಪಸಲ್ದ ದ್  ಡ್ ಗ್ಾತರದ ದ ರದಶ್ಶಕಗಳ ಅಗತಯತ್ ಯಿರದತಿದ್ . ಇದರ ಜ  ತ್ ಗ್  ಬ ಳಕಿನ್ 
ಸೊಂಗರಹಣಾ ಅನಾವೃತ ಿಕಾಲ್ವಯ ಸಹ ಪರಮದಖ ಪ್ಾತರವನ್ದು ವಹಿಸದತಿದ್ .  

  

ಚಿತರ-೧: ವಕ್ರೇಕರಣ ದೂರದಶಶಕ   ಚಿತರ-೨: ಪ್ರತಿಫಲನ್ ದೂರದಶಶಕ 

ಆಕಾಶ್ಕಾಯಗಳ ವಿೀಕ್ಷಣ ಗ್  ಸ ಕ ಿ ಸಾಳದ ಆಯಾಯ  ಮದಖಯವಾಗದತಿದ್ . ಬ ಳಕಿನ್ ಮಾಲ್ಪನ್ಯವಿಲ್ಲದ 
ವಾತ್ಾವರಣದ, ಗ್ಾಳಿಯ ಪರಕ್ಷದಬಿತ್ ಯಿಲ್ಲದ ಎತಿರದ ಪರದ್ ೀಶ್ಗಳು ಹ ಚದೆ ಸ ಕಿ. ಭ ಮಿಯ 
ವಾತ್ಾವರಣದಿೊಂದ್ಾಚ್  ದ ರದಶ್ಶಕಗಳನಿುರಿಸಿ ಆಕಾಶ್ಕಾಯಗಳನ್ದು ವಿೀಕ್ಷಿಸಲ್ದ ಸಾಧಯವಾದರ  
ಅದರಿೊಂದ ದ ರದ ಕಾಯಗಳ ಹ ಚೆನ್ ಗದಣಮಟ್ಿದ ಬಿೊಂಬಗಳನ್ದು ಪಡ ಯಲ್ದ ಸಾಧಯ. ಹಾಗ್ಾಗಿ 
ವಿಶ್ವದ್ಾದಯೊಂತ ದ್  ಡ್ ದ್  ಡ್ ದ ರದಶ್ಶಕಗಳು ಸಾಾಪಿತವಾದವು. ಇವುಗಳಲ್ಪಲ ೧೯೧೭ ರಲ್ಪಲ 
ಸಾಾಪಿತವಾದ ೨.೫ ಮಿೀ ವಾಯಸದ ಹ ಕರ್  ದ ರದಶ್ಶಕ [Hooker Telescope], ೧೯೪೮ ರಲ್ಪಲ 
ಅಮೀರಿಕಾದಲ್ಪಲ ಸಾಾಪಿತವಾದ ೫.೧ ಮಿೀ ವಾಯಸದ ಹ ೀಲ್ಡ ದ ರದಶ್ಶಕ [Hale Telescope], ಹವಾಯಿ 
ದಿವೀಪದಲ್ಪಲ ೧೯೯೬ ರಲ್ಪಲ ಸಾಾಪಿತವಾದ ಕ ಕ್  ವಿೀಕ್ಷಣಾಲ್ಯ, ಚಲ್ಪ ದ್ ಶ್ದ ಲಾಸಿಲಾಲ ಪರದ್ ೀಶ್ದಲ್ಪಲ 
ಸಾಾಪಿತವಾಗಿರದವ ೨.೩, ೩.೬ ಮತದಿ ೮.೨ ಮಿೀ ವಾಯಸದ ವಿೀಕ್ಷಣಾಲ್ಯಗಳು, ತಮಿಳುನಾಡನ್ 
ಕಾವಲ್ ರಿನ್ಲ್ಪಲ ಸಾಾಪಿತವಾಗಿರದವ ೨.೩೪ ಮಿೀ ವಾಯಸದ ವ ೈನ್ದ ಬಪುಪ ದ ರದಶ್ಶಕ, ಹಾನ ಲಯಲ್ಪಲ 
೨೦೦೦ ನ ೀ ಇಸವಿಯಲ್ಪಲ ಸಾಾಪಿತವಾದ ಹಿಮಾಲ್ಯನ್ ಚೊಂದರ ದ ರದಶ್ಶಕ, ನ ೈನಿತ್ಾಲ್ಡ  ಬಳಿ 
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೨೦೧೬ ರಲ್ಪಲ ಸಾಾಪಿತವಾದ ೩.೬ಮಿೀ ವಾಯಸದ ದ್ ೀವಸಾಳ ದ ರದಶ್ಶಕ, ಅಬದ ಪವಶತದಲ್ಪಲ ೧೯೯೦ 
ರಲ್ಪಲ ಸಾಾಪಿಸಿರದವ ೧.೨ ಮಿೀ ವಾಯಸದ ಗದರದಶಿಖರ ಅವಗ್ ೊಂಪು ದ ರದಶ್ಶಕ ಪರಮದಖವಾಗಿವ . 

  
ಚಿತರ-೩: ಹೂಕರ  ದೂರದಶಶಕ  ಚಿತರ-೪: ಹ್ ೇಲ್ ದೂರದಶಶಕ 

 

  
ಚಿತರ-೫: ವ ೈನ್ನ ಬಪ್ಪು  ವೇಕ್ಷಣಾಲಯ   ಚಿತರ-೬: ಹಿಮಾಲಯನ್ ಚಂದರ ವೇಕ್ಷಣಾಲಯ 

ಭ ಮಿಯ ವಾತ್ಾವರಣದಿೊಂದದೊಂಟ್ಾಗದವ ಬ ಳಕಿನ್ ಚದದರದವಿಕ ಯ ಪರಿಣಾಮವನ್ದು ಸರಿಪಡಸಿ ಸಪಷ್ಿ 
ಬಿೊಂಬಗಳನ್ದು ಪಡ ಯಲ್ದ ಆಧದನಿಕ ದ ರದಶ್ಶಕಗಳಲ್ಪಲ ಹ  ೊಂದ್ಾಣಿಕ  ತೊಂತರಜ್ಞಾನ್ಗಳನ್ದು [Adaptive 
Optics] ಅಳವಡಸಿಕ  ಳಳಲಾಗಿದ್ . ೧೯೯೦ ರಲ್ಪಲ ಅಮೀರಿಕಾದ ಬಾಹಾಯಕಾಶ್ ಸೊಂಸ ಾ ನಾಸಾ, ೨.೪ ಮಿೀ 
ವಾಯಸದ ದದಯತ ದ ರದಶ್ಶಕವಾದ ಹಬಲ್ಡ  ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕವನ್ದು ಭ ಮಿಯಿೊಂದ ೩೬೮ 
ಮೈಲ್ಪ ಎತಿರದ ಕಕ್ಷ ಯಲ್ಪಲ ಅಳವಡಸಿದ್ . ಇದದ ಆಕಾಶ್ಕಾಯಗಳ ಸಾಕಷ್ದಿ ಸದಧಾರಿತ ಬಿೊಂಬಗಳನ್ದು 
ಇದದವರ ಗ  ರವಾನಿಸಿದ್ . ಇದರ ಸಪಷ್ಿ ಬಿೊಂಬಗಳಿೊಂದ ಬಾಹಾಯಕಾಶ್ದ ಸ ಕ್ಷಮ ಅಧಯಯನ್ 
ಸಾಧಯವಾಗಿದ್ . ಇದ್ ೀ ರಿೀತಯಲ್ಪಲ ನಾಸಾ ಸೊಂಸ ಾಯದ ೨೦೦೩ ನ ೀ ಇಸವಿಯಲ್ಪಲ ಗ್ ಲಾಕಿಿಗಳ ಅಧಯಯನ್ 
ಹಾಗ  ಬಾಹಯಗರಹಗಳ ಅಧಯಯನ್ವನ್ದು ಕ ೀೊಂದಿರೀಕರಿಸಿ ೦.೮೫ ಮಿೀಟ್ರ್ ವಾಯಸದ ಅವಗ್ ೊಂಪು 
ದ ರದಶ್ಶಕವಾದ ಸಿಪಟ್ಜರ್ ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕವನ್ದು ಸ ಯಶಕ ೀೊಂದಿರತ ಭ ಕಕ್ಷ ಯಲ್ಪಲ 
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ಇರಿಸಿತದ. ಈ ದ ರದಶ್ಶಕವು ೨೦೨೦ ರವರ ಗ್  ಕಾಯಶನಿವಶಹಿಸಿ, ಹಲ್ವು ದ ರದ ಗ್ ಲಾಕಿಿಗಳು, 
ಬಾಹಯಗರಹಗಳು ಹಾಗ  ಶ್ನಿಗರಹದ  ದ್ ೈತಯ ಬಳ ಗಳ ಅಧಯಯನ್ಕ ಾ ಸಹಕಾರಿಯಾಯಿತದ. 

  

ಚಿತರ-೭: ಹಬಲ್  ಬಾಹ್ಾಾಕಾಶ ದೂರದಶಶಕ  ಚಿತರ-೮: ಸ್ಪುಟ್ಜರ ಬಾಹ್ಾಾಕಾಶ ದೂರದಶಶಕ 

ಜ ೇಮ್ಸ್  ವ ಬ್ ಬಾಹ್ಾಾಕಾಶ ದೂರದಶಶಕ 

ಅಮೀರಿಕಾದ ಬಾಹಾಯಕಾಶ್ ಸೊಂಸ ಾ ‘ನಾಸಾ’, ಯದರ  ೀಪಿಯನ್ ಬಾಹಾಯಕಾಶ್ ಸೊಂಸ ಾ ಹಾಗ  ಕ ನ್ಡಾ 
ಬಾಹಾಯಕಾಶ್ ಒಕ ಾಟ್ ಜೊಂಟ್ಟಯಾಗಿ ಸತತವಾಗಿ ಸದಮಾರದ ೨೦ ವಷ್ಶಗಳ ಕಾಯಶ ಯೀಜನ  ರ ಪಿಸಿ 
ಕಳ ದ ಕಿರಸಮಸ್ ದಿನ್ದೊಂದದ ೬.೬ ಮಿೀಟ್ರ್ ವಾಯಸದ, ಅತ್ಾಯಧದನಿಕ ಹಾಗ  ಅತ ಸ ಕ್ಷಮಗ್ಾರಹಿ 
ಅವಗ್ ೊಂಪು ದ ರದಶ್ಶಕ ‘ಜ ೀಮ್ಸಿ ವ ಬ್ ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕ’ವನ್ದು ಭ ಮಿಯಿೊಂದ ೧೫ ದಶ್ಲ್ಕ್ಷ 
ಕಿಲ  ೀಮಿೀಟ್ರ್ ದ ರದ ಎಲ್ಡ-೨ ಲ ಗ್ಾರೊಂರ್ಜ ಬಿೊಂದದವಿನ್ಲ್ಪಲ ಸಾಾಪಿಸಲ್ದ ಉಡಾಯಿಸಿದವು. ಇದದ 
ಜಗತಿನ್ ಅತಯೊಂತ ದ್  ಡ್ ಮತದಿ ಶ್ಕಿಿಶಾಲ್ಪ ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕವಾಗಿದ್ . ಇದದ ಹಬಲ್ಡ 
ದ ರದಶ್ಶಕಕಿಾೊಂತ ನ್ ರದ ಪಟ್ದಿ ಹ ಚದೆ   ಸಾಮರ್ಯಶವನ್ದು ಹ  ೊಂದಿದದು, ಸದಮಾರದ ಮ ವತದ ಿ
ವಷ್ಶಗಳಿಗ  ಹ ಚೆನ್ ಹಳ ಯ ದ ರದಶ್ಶಕ ‘ಹಬಲ್ಡ ದ ರದಶ್ಶಕ’ದ ಉತಿರಾಧಿಕಾರಿಯೊಂದ್ ೀ 
ಪರಿಗಣಿಸಲಾಗಿದ್ .  ಹತದಿ ದಶ್ಕ  ೀಟ್ಟ ಅಮರಿಕನ್ ಡಾಲ್ರ್ ವ ಚೆದಲ್ಪಲ ಈ ದ ರದಶ್ಶಕವನ್ದು 
ನಿಮಿಶಸಲಾಗಿದ್ . ಸದಮಾರದ ಹದಿನ ೈದರಿೊಂದ 
ಇಪಪತದ ಿ ವಷ್ಶಗಳ ಕಾಲ್ ನ್ಭ  ೀಮೊಂಡಲ್ದ 
ಅಧಯಯನ್ ನ್ಡ ಸಲ್ಪದದು, ಇದದ ಬರಹಾಮೊಂಡದ 
ಸೃಷ್ಟಿ, ಗ್ ಲಾಕಿಿಗಳ ಸಮಾಗಮ ಮತದ ಿ
ಕಪುಪಕದಳಿಗಳ ಉಗಮ, ನ್ಕ್ಷತರಗಳು ಮತದ ಿ
ಗರಹಗಳ ಉಗಮ ಹಾಗ  ಬಾಹಯ ಗರಹಗಳು 
ಮತದಿ ಜೀವದ ಅಸಿಿತವದ ಬಗ್ ೆ ಬ ಳಕದ 
ಚ್ ಲ್ಲಲ್ಪದ್ .                                                    ಚಿತರ-೯: ಜ ೇಮ್ಸ್  ವ ಬ್ ಬಾಹ್ಾಾಕಾಶ ದೂರದಶಶಕ 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

48 

 

 

ತಲಾ ೧.೩೨ ಮಿೀಟ್ರ್ ವಾಯಸದ ಒಟ್ದಿ ಹದಿನ ೊಂಟ್ದ  ಚನ್ು ಲ ೀಪಿತ ಬ ೀರಿಲ್ಪಯೊಂ ಷ್ಟ್  ಾೀನ್ 
ದಪಶಣಗಳನ್ದು ಏರಿಯಾನ್  ರಾಕ ಟ್ ನ್ ಮ ತಯಲ್ಪಲ ಮಡಸಿಟ್ದಿ ಡಸ ೊಂಬರ್ ೨೫,  ೨೦೨೧ ರೊಂದದ 
ಫ ರೊಂಚ್ ಗಯಾನಾದ ಕದರದವಿನಿೊಂದ ಬಾಹಾಯಕಾಶ್ಕ ಾ ಉಡಾಯಿಸಲಾಯಿತದ. ಸರಿಸದಮಾರದ ಒೊಂದದ 
ತೊಂಗಳ ಪರಯಾಣ ನ್ಡ ಸಿದ ಏರಿಯಾನ್ ರಾಕ ಟ್ ಕಳ ದ ಜನ್ವರಿ ೨೪ ರೊಂದದ ಸ ಯಶ ಮತದ ಿ
ಭ ಮಿಯ ಗದರದತವವು ಸಮಸಿಾತಯಲ್ಪಲರದವ ಎಲ್ಡ-೨ ಲ ಗ್ಾರೊಂರ್ಜ ಬಿೊಂದದವಿನ್ಲ್ಪಲ ಸಾಾಪಿಸಲ್ಪಟ್ಟಿತದ. 
ನ್ೊಂತರದಲ್ಪಲ ಸ ಯಶನ ಡ ಗ್  ಬ ನ್ದುಹಾಕಿ, ಬರ  ೀಬಬರಿ ಒೊಂದದ ಟ್ ನಿುಸ್ ಕ  ೀಟ್ಶ ವಿಸಿೀಿಣಶದ ಸನಿಷೀಲ್ಡ ್
ಗಳನ್ದು ನ್ವಿಲ್ಪನ್ ಗರಿಯೊಂತ್  ಬಿಚೆ ತನ್ಗ್  ತ್ಾನ ೀ ತೊಂಪ್ಾದ ನ ರಳಿನ್ ವಯವಸ ಾ ಸೃಷ್ಟಿಸಿಕ  ೊಂಡದ, 
ನ್ೊಂತರದಲ್ಪಲ ಓರಿಗ್ಾಮಿ ತೊಂತರಜ್ಞಾನ್ದಲ್ಪಲ ಮಡಸಲಾಗಿದು ದಪಶಣಗಳ ಗರಿಬಿಚೆ ತನ್ು ಕ ಲ್ಸವನ್ದು 
ಪ್ಾರರೊಂಭಿಸಿದ್ . ೨೦೨೨ರ ಜದಲ ೈ ೧೧ರೊಂದದ ಮೊದಲ್ ಬಾರಿಗ್  ತ್ಾನ್ದ ಸ ರ ಹಿಡದ ಮೊದಲ್ ಚತರಗಳನ್ದು 
ಭ ಮಿಗ್  ರವಾನಿಸಿದ್ . ಈ ಚತರಗಳು ಜಗತಿನ್ ಎಲಾಲ ಖಗ್  ೀಳ ವಿದ್ಾವೊಂಸರನ್ದು 
ಮ ಕವಿಸಿಮತರನಾುಗಿಸಿದ್ . ಜ ೀಮ್ಸಿ ವ ಬ್ ನಿಮಾಶಣ ಮತದಿ ನಿವಶಹಣಾ ಕಾಯಶದಲ್ಪಲ ಮಗುರಾಗಿದು 
ಇಪಪತದ ಿಸಾವಿರಕ ಾ ಹ ಚದೆ ತೊಂತರಜ್ಞಾನಿಗಳ ಮದಖದಲ್ಪಲ ಒಮಮಲ ೀ ಮೊಂದಹಾಸ ಮ ಡಸಿದ್ . ಕಳ ದ್ ರಡದ 
ತೊಂಗಳ ಪ್ಾರರೊಂಭದ ಸಾಧನ ಯೀ ಅಪರತಮವಾಗಿದ್ . 

ಭ ಮಿಯಿೊಂದ ಎರಡದ ಸಾವಿರ ಜ  ಯೀತವಶಷ್ಶಗಳ ದ ರದಲ್ಪಲರದವ ದಕ್ಷಿಣದ ಉೊಂಗದರ ನಿಹಾರಿಕ  
[Southern Ring Nebula] ಚತರವನ  ುಮಮ ನ  ೀಡ. ಹಬಲ್ಡ ದ ರದಶ್ಶಕ ತ್ ಗ್ ದ ಚತರವನ್ದು ಜ ೀಮ್ಸಿ 
ವ ಬ್ ತ್ ಗ್ ದ ಚತರದ್  ೊಂದಿಗ್  ನಿೀಡಲಾಗಿದ್ . ಇದ್  ೊಂದದ ಗರಹಾೊಂತಕ ನಿಹಾರಿಕ ಯಾಗಿದ್ . ಹಬಲ್ಡ 
ದ ರದಶ್ಶಕ ಅತನ ೀರಳ  ಕಿರಣಗಳನ್ದು ಗರಹಿಸಿ ತ್ ಗ್ ದ ಚತರಗಳಲ್ಪಲ ಹಿನ ುಲ  ನ್ಕ್ಷತರಗಳು ಧ ಳಿನಿೊಂದ 
ಮರ ಮಾಚಲ್ಪಟ್ಟಿದದು, ಜ ೀಮ್ಸಿ ವ ಬ್ ದ ರದಶ್ಶಕವು ಅವಗ್ ೊಂಪು ಕಿರಣಗಳನ್ದು ಗರಹಿಸಿ ತ್ ಗ್ ದ ಚತರದಲ್ಪಲ, 
ಹಿನ ುಲ  ನ್ಕ್ಷತರಗಳು ನ್ಳನ್ಳಿಸದತಿವ  ಮಾತರವಲ್ಲದ್ , ನ್ಕ್ಷತರದ ಅೊಂತಯವನ್ದು ಅರ ೈಶಸದವಲ್ಪಲ 
ಸಹಕಾರಿಯಾಗಿದ್ . 

 
     ಚಿತರ-೧೦: ದಕ್ಷಿಣದ ಉಂಗನರ ನಿಹ್ಾರಿಕ : ಹಬಲ್ ಚಿತರ(ಎಡ) ಜ ೇಮ್ಸ್  ವ ಬ್ ಚಿತರ(ಬಲ) 
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ದಕ್ಷಿಣಭಾಗದ ಆಳದ ಶ್ಫರಿೀ[ವೀಲಾನ್ಿ] ನ್ಕ್ಷತರಪುೊಂಜದ ದಿಕಿಾನ್ಲ್ಪಲ ಕೊಂಡದಬರದವ ಐದದನ್ ರದ ಕ  ೀಟ್ಟ 
ವಷ್ಶಗಳ ಹಿೊಂದಿನ್ ಜಗತಿನ್ ಚತರವನ  ುಮಮ (ಚತರ-೧೧) ನ  ೀಡ. ಹಬಲ್ಡ ದ ರದಶ್ಶಕ ತ್ ಗ್ ದ ಚತರ 
(ಎಡ)ದಲ್ಪಲ ಕಾಣಸಿಗದ  ಸ ಕ್ಷಮ ಮಾಹಿತಗಳು ಇಲ್ಪಲ ದಕಿಾವ . ಇವುಗಳಲ್ಪಲನ್ ಕ ೊಂಪು ಪಲ್ಲಟ್ವು ಈ 
ಗ್ಾಯಲ್ಕಿಿಗಳು ಸದಮಾರದ ಸಾವಿರದ ಮದನ್ ುರದ ಕ  ೀಟ್ಟ ವಷ್ಶಗಳ ಹಿೊಂದ್ ಯೀ ರ ಪುಗ್  ೊಂಡರದವುದನ್ದು 
ಸಾಕ್ಷಿೀಕರಿಸದತಿದ್ . ಒೊಂದದ ಶ್ತಮಾನ್ಕ ಾ ಹಿೊಂದ್  ಆಲ್ಬಟ್ಶ ಐನಿಿಟೀನ್ ಪರತಪ್ಾದಿಸಿದ ‘ಗದರದತವದಿೊಂದ 
ಬ ಳಕದ ಬಾಗದವಿಕ ’ ಯ ಸಿದ್ಾಿೊಂತಕ ಾ ಈ ಚತರಗಳು ಪರತಯಕ್ಷ ಸಾಕ್ಷಿಯನ  ುದಗಿಸಿವ . ಈ ರಿೀತಯ ಚತರಗಳು  
ವಿಶ್ವ ಯಾವ ದರದಲ್ಪಲ ಹಿಗದತೆಿದ್  ಎೊಂಬದದನ್ದು ಅಳ ಯಲ್ದ ಮದೊಂದ್  ೊಂದದ ದಿನ್ ಸಹಕಾರಿಯಾಗಲ್ಪವ .  

 
ಚಿತರ-೧೧: SMACS 0723: ಹಬಲ್ ಚಿತರ(ಎಡ) ಜ ೇಮ್ಸ್  ವ ಬ್ ಚಿತರ(ಬಲ) 

ನ್ಕದಲ್[Pegasus] ನ್ಕ್ಷತರಪುೊಂಜದ ದಿಕಿಾನ ಡ  ಸದಮಾರದ ಇನ್ ುರ ತ್  ೊಂಭತದಿ ದಶ್ಲ್ಕ್ಷ 
ಜ  ಯೀತವಶಷ್ಶಗಳಷ್ದಿ ದ ರದಲ್ಪಲ ಕೊಂಡದಬರದವ ಐದದ ಗ್ ಲಾಕಿಿಗಳ ಗದೊಂಪಿನ್ ಚತರವೊಂತ  ನ್ಯನ್ 
ಮನ  ೀಹರವಾಗಿದ್ . ಹಬಲ್ಡ ದ ರದಶ್ಶಕ ಕಿಲಕಿಾಸಿದ(ಎಡ) ಚತರದಲ್ಪಲ ಕಾಣಸಿಗದ ಇನ್ ು ಹಲ್ವು 
ಗ್ ಲಾಕಿಿಗಳು, ನ್ಕ್ಷತರಗಳು ಹಾಗ  ನಿಹಾರಿಕ ಗಳ ರಾಶಿಯೀ ವ ಬ್ ದ ರದಶ್ಶಕ ಸ ರ ಹಿಡದ ಚತರದಲ್ಪಲ 
ಕೊಂಡದಬೊಂದಿದ್ . ಗ್ ಲಾಕಿಿಗಳ ಒಡನಾಟ್, ಕಪುಪಕದಳಿಯ ರಚನ  ಮತದ ಿ ಸೊಂಯೀಗದ ಅಧಯಯನ್ಕ ಾ ಈ 
ಚತರಗಳು ಸಹಕಾರಿಯಾಗಿವ . ವಿಜ್ಞಾನಿಗಳಿಗ್  ಪರಶ ುಯಾಗಿ ಉಳಿದಿರದವ ಕಪುಪದರವಯ ಮತದಿ ಕಪುಪ ಶ್ಕಿಿಯ 
ಅಧಯಯನ್ದ ಮೀಲ್  ಈ ಚತರಗಳು ಬ ಳಕದ ಚ್ ಲ್ದಲವ ಸಾಧಯತ್  ಇದ್ .  

ಚಿತರ-೧೨: Stephan’s Quintet: ಹಬಲ್ ಚಿತರ(ಎಡ) ಜ ೇಮ್ಸ್  ವ ಬ್ ಚಿತರ(ಬಲ) 
 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

50 

 

 

 
ಚಿತರ-೧೩: ಕರಿೇನಾ ನಿಹ್ಾರಿಕ : ಹಬಲ್ ಚಿತರ(ಮೇಲ ) ಜ ೇಮ್ಸ್  ವ ಬ್ ಚಿತರ(ಕ ಳಗ ) 

ಏಳುಸಾವಿರದ ಆರದನ್ ರದ ಜ  ಯೀತವಶಷ್ಶಗಳಷ್ದಿ ದ ರದಲ್ಪಲರದವ ಹಾಗ  ದ್ ೀವನೌಕ (Carina) 
ನ್ಕ್ಷತರಪುೊಂಜದಲ್ಪಲ ಕೊಂಡದಬರದವ ಕರಿೀನಾ ನಿಹಾರಿಕ ಯ ಚತರವು ನ್ಕ್ಷತರಗಳ ಉಗಮ, ನ್ಕ್ಷತರ ಹಾಗ  
ಗರಹ ವಯವಸ ಾಗಳ ರಚನ  ಮದೊಂತ್ಾದವುಗಳ ಬಗ್ ೆ ಅರಿವು ನಿೀಡಲ್ಪದ್ .  ಈ ಚತರವು ಜ ೀಮ್ಸಿ ವ ಬ್ 
ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕದ ಸಾಮರ್ಯಶಕ ಾ ಹಿಡದ ಕ ೈಗನ್ುಡಯಾಗಿದ್ . ಅತಯೊಂತ ಶಿರೀಮೊಂತಕ ಯಿೊಂದ 
ಕ ಡರದವ ನ್ಮಮದ್ ೀ ಗ್ ಲಾಕಿಿಯಲ್ಪಲನ್ ಕರಿೀನಾ ನಿಹಾರಿಕ ಯ ಚತರವು ಕ್ಷಿೀರಪರ್ ಗ್ ಲಾಕಿಿಯ ರಚನ ಯ 
ಬಗ್ ೆಯ  ಹ  ಳಹದ ನಿೀಡದವುದರಲ್ಪಲ ಸೊಂದ್ ೀಹವಿಲ್ಲ. 

ಜ ೀಮ್ಸಿ ವ ಬ್ ಬಾಹಾಯಕಾಶ್ ದ ರದಶ್ಶಕ 
ಇದ್ ೀ ಮೊದಲ್ ಬಾರಿಗ್  ೧೩.೪ ಶ್ತಕ  ೀಟ್ಟ 
ಜ  ಯೀತವಶಷ್ಶಗಳಷ್ದಿ ಹಳ ಯದ್ಾದ ಅೊಂದರ  
ನ್ಮಮ ವಿಶ್ವ ಸೃಷ್ಟಿಯಾದ ಕ ಲ್ವ ೀ ದಶ್ಲ್ಕ್ಷ 
ವಷ್ಶಗಳಲ್ಪಲ ಸೃಷ್ಟಿಯಾಗಿದು ಮತದ ಿ ಆಗಿನ್ ು 
ಶ ೈಶ್ವಾವಸ ಾಯಲ್ಪಲದು ಅತಯೊಂತ 
ಪುರಾತನ್ವಾದ ಗ್ ಲಾಕಿಿಯೊಂದನ್ದು   ಪತ್  ಿ
ಹಚೆ ಸಾರ್ಶಕತ್  ಮರ ದಿದ್ . 

                ಚಿತರ-೧೪: ಅತಾಂತ ದೂರದ ಗಾಾಲಕ್್  

ಭ ಮಿಯಿೊಂದ ಸದಮಾರದ ಒೊಂದದ ಸಾವಿರ  ಜ  ಯೀತವಶಷ್ಶ ದ ರದಲ್ಪಲ ಗರಹವೊಂದಿದದು, ಆ ಗರಹದಲ್ಪಲ ನ್ 
ವಾತ್ಾವರಣದಲ್ಪಲ ನಿೀರಾವಿ ಇರದವುದನ್ದು ಜ ೀಮ್ಸಿ ವ ಬ್ ದ ರದಶ್ಶಕದಲ್ಪಲನ್ ಅವಗ್ ೊಂಪು ಸಮಿೀಪ 
ಸೊಂವ ೀದಿ ಯೊಂತರವು ಪತ್ ಿಹಚೆದ್ . ಈ ಬಾಹಯಗರಹಕ ಾ  ವಾಯಸ್ಪ-೯೬ಬಿ [wasp 96-b] ಎೊಂದದ 
ಸರಿಸಲಾಗಿದ್ . ಇದರಲ್ಪಲನ್ ಅತೀವ ಉಷ್ಾಣೊಂಶ್ ಜೀವಜೊಂತದಗಳ ಆವಾಸಕ ಾ ಯೀಗಯವಾದದದುಲ್ಲ.  
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ಜೀವಯೀಗಯ ವಲ್ಯದಲ್ಪಲರಬಹದದ್ಾದ ಬಾಹಯಗರಹಗಳ ಅನ ವೀಷ್ಣ  ಖಗ್  ೀಳ ವಿಜ್ಞಾನ್ದಲ್ಪಲ ಅತಯೊಂತ 
ಪರಮದಖವಾಗಿದ್ . 

 
ಚಿತರ-೧೫: ವಾಾಸ್ಪು-೯೬ಬಿ ಬಾಹಾಗರಹ 

ಜ ೀಮ್ಸಿ ವ ಬ್ ದ ರದಶ್ಶಕವು ಸೌರವಯಯಹದ ದ್ ೈತಯ ಗರಹವಾದ ಗದರದಗರಹದ ಚತರವನ್ದು ಸ ರ ಹಿಡದಿದದು, 
ನಾಸಾ ಸೊಂಸ ಾಯದ ಆಗಸ್ಿ ೨೧, ೨೦೨೨ ರೊಂದದ ಈ ಚತರವನ್ದು ಬಿಡದಗಡ  ಮಾಡದ್ . ಈ ಹಿೊಂದ್  
ಯಾವುದ್ ೀ ದ ರದಶ್ಶಕದಲ್ಪಲ ದ್ಾಖಲಾಗದ  ಧದರವ    ಪರದ್ ೀಶ್ದಲ್ಪಲನ್ ಬ ಳಕಿನ್ ಚತ್ಾಿರ ಅರ  ೀರಾ 
ಗಳನ್ದು ಇದರಲ್ಪಲ ಕಾಣಬಹದದ್ಾಗಿದ್ . ಗದರದಗರಹವಯ ಸಹ  
ಅತಯೊಂತ ಸ ಕ್ಷಮವಾದ ಉೊಂಗದರ ವಯವಸ ಾಯನ್ದು 
ಹ  ೊಂದಿರದವುದದ ಇದರಿೊಂದ ಕಾಣಸಿಗದತಿದ್ . ವಿಜ್ಞಾನ್ಕ ಾ 
ಸವಾಲಾಗಿರದವ ಇಲ್ಪಲನ್ ಬೃಹತ್ ಕ ೊಂಪು ತ್ಾಣದ ಮೀಲ  
ಜ ೀಮ್ಸಿ ವ ಬ್ ದ ರದಶ್ಶಕವು ಕಣಿಣಟ್ಟಿದದು, ಮದೊಂದ್  ೊಂದದ 
ದಿನ್ ಇದರ ಪರಕ್ಷದಬಿ ವಾತ್ಾವರಣಕ ಾ ಕಾರಣ 
ತಳಿಯಲ್ಪದ್ .                         

                                              ಚಿತರ-೧೬: ಗನರನಗರಹ 
ಹದಿನ ೈದರಿೊಂದ ಇಪಪತದಿ ವಷ್ಶಗಳ ಸದದಿೀರ್ಶ ಪಯಣದಲ್ಪಲ  ಜ ೀಮ್ಸಿ ವ ಬ್ ದ ರದಶ್ಶಕವು ಈಗ ತ್ಾನ  
ಅೊಂಬ ಗ್ಾಲ್ನಿುಡಲ್ದ ಪ್ಾರರೊಂಭಿಸಿದ್ . ಇದರ ಚ್  ಚೆಲ್ ಚತರಗಳ ೀ ಇಷ್  ಿೊಂದದ ಅಮೊೀರ್ 
ವಾಗಿವ ಯೊಂದರ , ಮದೊಂದಿನ್ ದಿನ್ಗಳಲ್ಪಲ ಇನ್ ು ಹಲ್ವು ಸೃಷ್ಟಿ ರಹಸಯಗಳು ಜ ೀಮ್ಸಿ ವ ಬ್ 
ದ ರದಶ್ಶಕದಿೊಂದ ಅನಾವರಣಗ್  ಳುಳವುದರಲ್ಪಲ ಯಾವುದ್ ೀ ಸೊಂದ್ ೀಹವಿಲ್ಲ . 

ಪ್ರಾಮಶಿಶತ ಆಕರಗಳು  

1. www.nasa.gov  
2. www.eso.org  
3. www.wikipedia.org 

http://www.nasa.gov/
http://www.eso.org/
http://www.wikipedia.org/
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Determining the Force Constant of a Spring 

Dr. K.S. Kiran, Jain University, Bengaluru 
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Abstract: The amplitude of a simple pendulum slowly decreases due to the air resistance encountered by 

the pendulum bob. It is possible to determine the coefficient of air resistance by carefully measuring the 

pendulum amplitude at various times. 

Introduction: A simple pendulum is a classic physics experiment that consists of a bob (weight) attached 

to the end of a string or wire, suspended from a fixed point. The pendulum swings back and forth due to 

gravity, executing simple harmonic motion.  

Simple pendulums are used to demonstrate fundamental physics concepts, such as gravity, oscillations, 

energy conservation and simple harmonic motion. They also have practical applications in timekeeping 

(clocks and watches), Seismology (measuring earthquake waves) and Navigation (gyroscopes and inertial 

navigation systems). 

Theory: Assuming the air resistance force proportional to the velocity of the bob and neglecting the 

resistance faced by the string, the equation of motion of the bob of mass 𝑚 and the string length 𝑙 is  

𝐼𝜃̈ = −𝑚𝑔𝑙 𝑠𝑖𝑛𝜃 − 𝑘𝐴𝑙2𝜃̇        (1) 

For small amplitudes and a spherical bob, 𝑠𝑖𝑛𝜃 ≅ 𝜃,   𝐼 = 𝑚𝑙2. 

∴   𝜃̈ + (
𝑔

𝑙
) 𝜃 + 𝑘𝐴𝜃̇ ≅ 0.            (2) 

 

We can solve this (with the assumption) 𝜃 = 𝑅𝑒[𝑒−𝑖𝛼𝑡]. 

Hence, {−𝛼2 + 𝜔2 + 𝑖
𝑘𝐴

𝑚
𝛼} = 0       (3) 

Where 𝜔2 =
𝑔

𝑙
, put 𝜆 =

𝑘𝐴

2𝑚
.  

Then 𝛼 can be obtained from  𝛼2 − 2𝑖𝜆 𝛼 − 𝜔2 = 0     (4) 

∴   𝛼 =
2𝑖𝜆±√−4𝜆2+4𝜔2

2
         (5) 

Determination of the coefficient of air resistance using a simple pendulum 

B A Kagali,   Bangalore University   

 T Shivalingaswamy,   Maharani Science College, Mysore 
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As |𝜆| << 𝜔, due to small damping effect we get 

𝛼 = √𝜔2 − 𝜆2  + 𝑖𝜆         (6) 

This means the frequency of oscillations is √𝜔2 − 𝜆2 and the damping coefficient is 𝜆. 

That means 𝜃 = 𝑒−𝜆𝑡 . 𝑠𝑖𝑛{√𝜔2 − 𝜆2 . 𝑡} 

For |𝜆| << 𝜔, we get a plot for the amplitude 𝜃𝑚𝑎𝑥, where 𝜃𝑚𝑎𝑥 is the maximum angular displacement 

 

Experimental Procedure: We setup small oscillations in a plane (of a pendulum with mass 𝑚 and bob 

radius 𝑅). Then record 𝜃𝑚𝑎𝑥as time passes with the help of angular scale and camera. i.e., the pendulum 

is set to make small oscillations, the angular amplitudes at different times are recorded. A mobile phone 

camera can be used to record the angular displacement.  

 

From a plot of 𝐿𝑜𝑔𝑒(𝜃𝑚𝑎𝑥) versus time, we get 

𝜆 = −𝑠𝑙𝑜𝑝𝑒 𝑜𝑓 𝐿𝑜𝑔𝑒(𝜃𝑚𝑎𝑥) versus 𝑡.  
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But  

𝜆 =
𝑘𝐴

2𝑚
.  

Therefore, 𝑘 =
2𝑚

𝐴
. 

Thus 𝑘 is independent of 𝑙 and we can assume 𝐴 ≅ 𝜋𝑅2. 

Hence by knowing mass and radius of the bob we can estimate 𝑘 the coefficient of air resistance. The 

experiment can be repeated for pendulums different masses and radii to get the best possible (average) 

value of 𝑘. Changing mass or radius of the bob should not change the value of 𝑘, this can be verified 

experimentally. 

Result: The coefficient of air resistance is found to be ………………. 

****** 

 

 

The important thing is to never stop questioning. — Albert Einstein 

Somewhere, something incredible is waiting to be known. — Carl Sagan 

The good thing about science is that it’s true whether or not you believe in it. — Neil 

deGrasse Tyson 

Science is organized knowledge. Wisdom is organized life. — Immanuel Kant 

In science, there are no shortcuts to truth. — Louis Pasteur 

The science of today is the technology of tomorrow. — Edward Teller 

Exploration is the essence of the human spirit. — Frank Borman 

Nothing in life is to be feared; it is only to be understood. Now is the time to 

understand more, so that we may fear less. – Marie Curie 

If I have seen further, it is by standing on the shoulders of giants. – Issac Newton 

The imagination of nature is far greater than the imagination of man. -  Richard 

Feynman 

An expert is a person who has made all the mistakes that can be made in a very 

narrow field. – Niels Bohr 
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Sl.No. Date Speaker Topic 

1 04.08.24 Dr.Abdul Khadar Composite Materials 

2 11.08.24 Sri.T S Suresh Agastya Foundation 

3 18.08.24 Dr.P Venkataramaiah Role of Universities in high school 

Science and Maths. Education (Kannada) 

4 01.09.24 Dr.Deepak Dhar The Curious Relationship between 

mathematics and Physics 

5 15.09.24 Dr.Sujatha S Optical telescopes 

6 22.09.24 Dr.Ajith 

Parameswaran 

From Galileo to Gravitational Waves 

7 06.10.24 Dr.C V Yalamaggad How can liquids be Crystals? 

8 13.10.24 Dr.K S Dwarakanath The Radio Universe 

9 27.10.24 Dr.J R Tonannavar The Incredible Raman! 

 

WEBINARS HELD FROM 1 AUGUST TO 31 OCTOBER 2024 

 

The Science Program Enthusiast 

After attending a series of science programs, a curious participant told the 

organizer, “I’ve been to all your workshops this year – physics, chemistry, 

biology – but I still feel like I’m missing something!” 

The organizer chuckled, “Well, maybe you need to attend our next program on 

magnetism.” 

The participant looked puzzled, “Why magnetism?” 

The organizer smiled, “Because clearly, you’re attracted to science!” 



 

 KPA Newsletter       Nov. 2024 

KPA NEWSLETTER 1 NOVEMBER 2023  

58 

 

 

  

 

 

   

• Dr. K.S. Kiran delivered a talk on Crystal structure determination, molecular docking and 

dynamics of arylidene sinusitis as potential JNK3- inhibitors for ischemia-reperfusion injury. 

At 4th International Conference on Pure and Applied Chemistry organized by the Dept. of 

Chemistry, KL Deemed to be University, Vijayawada, Guntur dist, 2-3 Feb 2024. 

• Dr. K.S. Kiran spoke on: Crystal and molecular docking studies of 3-hydroxy-2-((2-hydroxy-

4,4-dimethyl-6-oxycyclohex-1-enyl) (4-methoxyphenyl) Methyl)-5-dimethyl cyclohexyl-

2enone- with focal adhesion kinase inhibitors, 15th international conference Advancement in 

polymeric materials APM 2024, organized by CIPET: IPT Ahmedabad. During 14th and 16th   

March 2024. 

• Dr, B.S. Srikanta delivered a talk on the life and legacy of C V Raman at Sarada Vilas College, 

Mysore on 28th February 2024. 

• Dr.B A Kagali and Dr. B N Meera visited Agastya Foundation, Kuppam as Chief guests to 

interact with the participants at a workshop for high school science teachers on 1st August 2024, 

• Dr. B A Kagali and Dr. P Nagaraju served as resource persons at an experimental workshop for 

students at Rajeshwari School, Bengaluru on 14th September 2024. 

• Dr. B A Kagali delivered a talk on the end stages of stars at BIFR, Bengaluru on 28th September 

2024. 

• Dr. B A Kagali and Sri Liakhat Ali Khan served as resource persons at a workshop for students 

at BBMP Higher Secondary School, Kodandaramapura, Bengaluru on 25th October 2024. 

• Dr. B A Kagali served as a resource person at Siddaganga Public School, Chandra Layout, 

Bengaluru on 28th October 2024 

• Sri H.D. Ananda served as a resource person at BMS College of Engineering on 28th October 

2024. 

• Dr B. Rudra Swamy participated as a resource person at BIET, Davangere on 21st October 2024 

in the workshop on Advanced Research Project Proposal Presentations. 

• Prof. Raghavendran delivered a lecture on Physics problem-solving at AES National College, 

Gauribidanur on 15th October 2024 

****** 

 

 

                       ACTIVITIES OF KPA MEMBERS  

                (From 21st September to 31st October 2024) 


