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This is the first issue of the newsletter for the year 2025.It contains several interesting articles- including 

modern topics like applications of AI, top quark production, quantization of gravity and the largest radio 

telescope being built – apart from three biographical articles. An obituary of Leon Cooper, the Nobel 

laureate who developed the microscopic theory of superconductivity along with Bardeen and Schrieffer, 

highlights his many achievements. An article about generative AI systems like ChatGPT tells us how it 

is different from other types of AI systems. A biographical sketch of J Robert oppenheimer, commonly 

regarded as the father of atomic bomb in USA, gives us details about his personality and contributions. 

Electric and magnetic fields are intertwined in Special Relativity. This is illustrated in a pedagogical 

article. Recently, top quarks were produced at CERN for the first time. An account of their production 

is given in a short news article. So much effort has been done to ‘quantize’ gravity. The next article 

throws some light on some recent thinking about the matter. High precision Radio astronomy is being 

used to probe the contents of the early universe. An article about the biggest radio telescope that is being 

built in an international collaboration is included in this issue for all to read. An article about the various 

‘external’ parts of a typical airplane and how they function to control flight is described in simple terms 

for students and flight enthusiasts is available for all to read. Bibha Chowdhury was an eminent Indian 

woman cosmic ray physicist who, unfortunately, has not been recognized properly in the country so far. 

An article about her struggles and achievements finds a place here. Hans berger of Germany played an 

important role in the development of EEG and its use in medicine. An article about his life and 

contributions is included here. An article about supernovae – giant exploding stars – in Kannada giving 

a detailed account of their special properties is also included in this issue. A few well-written review 

articles (open-source type) penned by distinguished science journalists on topics of current interest have 

been included in this issue for the benefit of our members. Along with the above-mentioned articles, two 

regular features – activities of KPA members along with some photos and the Sunday webinars held 

during the past three months – are included for the information for one and all. 

It is hoped that a greater number of articles from KPA members and others will be forthcoming in the 

next issue of the newsletter which is due in May 2025. Articles in Kannada are especially welcome since 

there is an urgent need to create higher educational content in Kannada as an important step forward 

towards self-reliance (atmanirbharata) in education and, more importantly, for truly effective teaching 

and learning of science in Karnataka! 

KPA sincerely thanks Dr.Muktha B.Kagali for sparing her time to design this newsletter at short notice, 

free of charge. 

Readers’ comments and suggestions about the style, contents etc. of the newsletter are most welcome. 

- Chief Editor 

 

Editor’s Note 
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eon Cooper obituary 

 

 

 

Nobel laureate who developed the theory of superconductivity 

Leon Cooper, who died aged 94 (on Nov.19, 2024), 

helped to solve a problem that had stumped many of the 

greatest minds in twentieth-century physics. With his 

colleagues John Bardeen and Robert Schrieffer, he 

deciphered the dance of electrons that causes 

superconductivity, or the sudden drop in electrical 

resistance experienced by certain materials, such as 

mercury, when they reach temperatures only a few 

degrees above absolute zero. This phenomenon has since 

served to generate, for example, the very high magnetic 

fields needed to operate technology such as magnetic 

resonance imaging body scanners. The Bardeen–Cooper–

Schrieffer (BCS) theory of superconductivity won them 

the Nobel Prize in Physics in 1972. 

Having worked out one of the hardest problems in physics, Cooper turned his attention to 

neuroscience. With his graduate students Elie Bienenstock and Paul Munro, he developed a 

model — inevitably dubbed the Bienenstock–Cooper–Munro (BCM) theory to mirror the 

BCS theory — of changes in the strength of the neuronal connections in the brain as 

individuals learn. 

His pioneering theoretical work on neural networks places him in the company of other 

physicists such as John Hopfield and Geoffrey Hinton — winners of the 2024 Nobel Prize in 

Physics who developed algorithms that could represent the process of learning in a model of 

a very small volume of brain tissue. 

Cooper (originally Kupchik) was born in New York City, the son of Jewish immigrants from 

Belarus and Poland. After his mother died, he and his sister spent part of their childhood in 

care. In 1947, he graduated from the Bronx High School of Science, which has produced six 

other Nobel laureates in physics. He then studied physics at Columbia University, New York 

City, completing a PhD in 1954. 

Why superconductor research is in a ‘golden age’ — despite controversy He joined the 

Institute of Advanced Study in Princeton, New Jersey, for a year, before Bardeen recruited 

him to the University of Illinois at Champaign–Urbana, to work together on problems of 

condensed-matter theory, specifically superconductivity. “The long and very imposing list of  

Leon Cooper Obituary 
Georgina Ferry 

Science Journalist 

Leon Cooper 

https://www.nature.com/articles/d41586-023-03551-z
https://www.nature.com/articles/d41586-023-03551-z
https://www.nature.com/articles/d41586-024-03213-8
https://www.nature.com/articles/d41586-024-03213-8
https://www.nature.com/articles/d41586-023-03551-z
https://www.nature.com/articles/d41586-023-03551-z
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physicists (among them [Niels] Bohr, [Werner] Heisenberg and [Richard] Feynman) who had 

tried or were trying their hand at superconductivity should have given me pause,” recalled  

Cooper in a later memoir. Feynman had even said that anyone trying to tackle 

superconductivity would soon discover that they were “too stupid to solve the problem”. 

Superconductivity was first observed in 1911, but by the mid-1950s it was still unknown how 

electrons could flow seemingly without limit in supercooled mercury. Some suggested that 

new physics — an undiscovered kind of particle, for example — might be needed to account 

for the phenomenon. Working for more than a year with every theoretical tool at his disposal, 

Cooper proposed that faint vibrations in lattices of atoms at low temperatures prompted 

electrons to pair up instead of repelling one another. All of these ‘Cooper pairs’ could in turn 

operate as a single entity and pass through the lattice unopposed. 

Mathematical analysis by Schrieffer supported the theory, which Bardeen refined. Their 

paper caused a sensation (J. Bardeen et al. Phys. Rev. 108, 1175; 1957); it was subsequently 

confirmed by experiment. The same phenomenon also underlies the performance of more 

recently discovered ‘high-temperature superconductors’, which reach a resistance-free state 

at up to 100 degrees above absolute zero. “The great thing that Bardeen, Cooper and 

Schrieffer showed was that no new particles or forces had to be introduced to understand 

superconductivity,” wrote Steven Weinberg, a theoretical physicist who won the Nobel Prize 

in Physics in 1979. 

How would room-temperature superconductors change science? 

In 1958, Cooper moved to Brown University in Providence, Rhode Island, where he remained 

for the rest of his working life. In 1974, he founded the Institute for Brain and Neural Systems 

there, recruiting a team to research the connectivity underlying cognitive function.  

The group built on the work of pioneers such as brain researchers Warren McCulloch and 

Walter Pitts of the University of Illinois at Chicago, who had published a mathematical model 

of a neural network in 1943 (W. S. McCulloch and W. Pitts, Bull. Math. Biophys. 5, 115–

133; 1943), and of the Canadian psychologist Donald Hebb, whose 1949 book The 

Organization of Behavior proposed that, if neurons repeatedly fire — that is, send electrical 

signals — to the body and brain at the same time, the synapses between them become 

stronger. 

The BCM theory, published in 1982, addressed how specific cells in the visual cortex become 

selective for certain stimuli, such as an edge at a particular angle, depending on previous 

visual experience. It proposed that, the more often incoming signals activated a neuron, the 

higher the threshold for its activation would become, and vice-versa. This sliding threshold 

has the effect of stabilizing the responsiveness of the neuron, making it either more or less 

active. Cooper’s goal was to model how living brains work, and the BCM theory has stood 

the test of time. It has also played a part in the development of machine learning. Cooper and  

https://doi.org/10.1103/PhysRev.108.1175
https://www.nature.com/articles/d41586-023-02681-8
https://www.nature.com/articles/d41586-023-02681-8
https://doi.org/10.1007/BF02478259
https://doi.org/10.1007/BF02478259
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his collaborators went on to apply insights from machine learning to many other fields, such 

as sonar detection. 

Although he formally retired in 2014, Cooper never lost his curiosity. That year, he published 

a collection of essays, Science and Human Experience, based on his lively interest in physics, 

neuroscience, philosophy and how these fields interacted with each other. He argued that 

science emerged from a uniquely human desire to explain the world that surrounds us, and 

that imagination was a crucial part of the process. “Our imagination is marvelously free,” he 

wrote, “capable of any juxtaposition, unbounded by logic or experience.” 

 References 

1. Cooper, Leon N. (Leon Neil), 1930-. History of Physics. history.aip.org. 

2. doi: https://doi.org/10.1038/d41586. 
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A quick scan of the headlines makes it seem like generative artificial intelligence is 

everywhere these days. In fact, some of those headlines may actually have been written by 

generative AI, like OpenAI’s ChatGPT, a chatbot that has demonstrated an uncanny ability 

to produce text that seems to have been written by a human. 

But what do people really mean when they say “generative AI?” 

Before the generative AI boom of the past few years, when people talked about AI, typically 

they were talking about machine-learning models that can learn to make a prediction based 

on data. For instance, such models are trained, using millions of examples, to predict whether 

a certain X-ray shows signs of a tumor or if a particular borrower is likely to default on a 

loan. 

Generative AI can be thought of as a machine-learning model that is trained to create new 

data, rather than making a prediction about a specific dataset. A generative AI system is one 

that learns to generate more objects that look like the data it was trained on. 

“When it comes to the actual machinery underlying generative AI and other types of AI, the 

distinctions can be a little bit blurry. Oftentimes, the same algorithms can be used for both,” 

says Phillip Isola, an associate professor of electrical engineering and computer science at 

MIT, and a member of the Computer Science and Artificial Intelligence Laboratory (CSAIL). 

And despite the hype that came with the release of ChatGPT and its counterparts, the 

technology itself isn’t brand new. These powerful machine-learning models draw on research 

and computational advances that go back more than 50 years. 

An increase in complexity 

An early example of generative AI is a much simpler model known as a Markov chain. The 

technique is named for Andrey Markov, a Russian mathematician who in 1906 introduced 

this statistical method to model the behavior of random processes.  

In machine learning, Markov models have long been used for next-word prediction tasks, like 

the auto compete function in an email program. 

How Generative AI Systems Like ChatGPT Work: What Sets 

Them Apart from Other AI 
Adam Zewe , MIT News 
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In text prediction, a Markov model generates the next word in a sentence by looking at the 

previous word or a few previous words. But because these simple models can only look back 

that far, they aren’t good at generating plausible text, says Tommi Jaakkola, the Thomas 

Siebel Professor of Electrical Engineering and Computer Science at MIT, who is also a 

member of CSAIL and the Institute for Data, Systems, and Society (IDSS). 

“We were generating things way before the last decade, but the major distinction here is in 

terms of the complexity of objects we can generate and the scale at which we can train these 

models,” he explains. 

Just a few years ago, researchers tended to focus on finding a machine-learning algorithm 

that makes the best use of a specific dataset. But that focus has shifted a bit, and many 

researchers are now using larger datasets, perhaps with hundreds of millions or even billions 

of data points, to train models that can achieve impressive results. 

The base models underlying ChatGPT and similar systems work in much the same way as a 

Markov model. But one big difference is that ChatGPT is far larger and more complex, with 

billions of parameters. And it has been trained on an enormous amount of data — in this case, 

much of the publicly available text on the internet. 

In this huge corpus of text, words and sentences appear in sequences with certain 

dependencies. This recurrence helps the model understand how to cut text into statistical 

chunks that have some predictability. It learns the patterns of these blocks of text and uses 

this knowledge to propose what might come next. 

More powerful architectures 

While bigger datasets are one catalyst that led to the generative AI boom, a variety of major 

research advances also led to more complex deep-learning architectures. 

In 2014, a machine-learning architecture known as a generative adversarial network (GAN) 

was proposed by researchers at the University of Montreal. GANs use two models that work 

in tandem: One learns to generate a target output (like an image) and the other learns to 

discriminate true data from the generator’s output. The generator tries to fool the 

discriminator, and in the process learns to make more realistic outputs. The image generator 

Style GAN is based on these types of models.   
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Diffusion models were introduced a year later by researchers at Stanford University and the 

University of California at Berkeley. By iteratively refining their output, these models learn 

to generate new data samples that resemble samples in a training dataset, and have been used 

to create realistic-looking images. A diffusion model is at the heart of the text-to-image 

generation system Stable Diffusion. 

In 2017, researchers at Google introduced the transformer architecture, which has been used 

to develop large language models, like those that power ChatGPT. In natural language 

processing, a transformer encodes each word in a corpus of text as a token and then generates 

an attention map, which captures each token’s relationships with all other tokens. This 

attention map helps the transformer understand context when it generates new text. 

These are only a few of many approaches that can be used for generative AI. 

A range of applications 

What all of these approaches have in common is that they convert inputs into a set of tokens, 

which are numerical representations of chunks of data. As long as your data can be converted 

into this standard, token format, then in theory, you could apply these methods to generate 

new data that look similar. 

“Your mileage might vary, depending on how noisy your data are and how difficult the signal 

is to extract, but it is really getting closer to the way a general-purpose CPU can take in any 

kind of data and start processing it in a unified way,” Isola says. 

This opens up a huge array of applications for generative AI. 

For instance, Isola’s group is using generative AI to create synthetic image data that could be 

used to train another intelligent system, such as by teaching a computer vision model how to 

recognize objects. 

Jaakkola’s group is using generative AI to design novel protein structures or valid crystal 

structures that specify new materials. 

The same way a generative model learns the dependencies of language, if it’s shown crystal 

structures instead, it can learn the relationships that make structures stable and realizable, he 

explains. 
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But while generative models can achieve incredible results, they aren’t the best choice for all 

types of data. For tasks that involve making predictions on structured data, like the tabular 

data in a spreadsheet, generative AI models tend to be outperformed by traditional machine-

learning methods, says Devavrat Shah, the Andrew and Erna Viterbi Professor in Electrical 

Engineering and Computer Science at MIT and a member of IDSS and of the Laboratory for 

Information and Decision Systems. 

“The highest value they have, in my mind, is to become this terrific interface to machines that 

are human friendly. Previously, humans had to talk to machines in the language of machines 

to make things happen. Now, this interface has figured out how to talk to both humans and 

machines,” says Shah. 

Raising red flags 

Generative AI chatbots are now being used in call centers to field questions from human 

customers, but this application underscores one potential red flag of implementing these 

models — worker displacement. 

In addition, generative AI can inherit and proliferate biases that exist in training data, or 

amplify hate speech and false statements. The models have the capacity to plagiarize, and can 

generate content that looks like it was produced by a specific human creator, raising potential 

copyright issues. 

On the other side, Shah proposes that generative AI could empower artists, who could use 

generative tools to help them make creative content they might not otherwise have the means 

to produce. 

In the future, he sees generative AI changing the economics in many disciplines. 

One promising future direction Isola sees for generative AI is its use for fabrication. Instead 

of having a model make an image of a chair, perhaps it could generate a plan for a chair that 

could be produced. 

He also sees future uses for generative AI systems in developing more generally intelligent 

AI agents.“There are differences in how these models work and how we think the human 

brain works, but I think there are also similarities. We have the ability to think and dream in  
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our heads, to come up with interesting ideas or plans, and I think generative AI is one of the 

tools that will empower agents to do that, as well,” Isola says. 
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This anecdote is an original creative explanation based on widely known principles of 

generative AI, deep learning, and transformer-based models. 

 

The Master Storyteller AI 

In a vast library of knowledge, a curious researcher meets ChatGPT, a brilliant storyteller 

unlike traditional AI. 

“How do you know so much?” the researcher asks. 

“I don’t just retrieve answers—I generate them,” ChatGPT explains. “Unlike task-specific 

AI, I’m built on a large language model (LLM), allowing me to create, analyze, and adapt 

across domains.” 

“How do you learn?” 

“Through transformer architecture—thousands of attention mechanisms help me 

understand context, relationships, and nuances like humor or emotion.” 

“So, are you perfect?” 

The AI chuckles. “No—I predict words based on probabilities, not deep reasoning. But I 

continuously learn, improving with each interaction.” 

The researcher, fascinated, leaves with a newfound appreciation—ChatGPT is more than a 

database; it's a creator, conversationalist, and powerful tool shaping the future. 
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After helping invent the atomic bomb, the physicist , J. 

Robert Oppenheimer spent decades thinking about how 

to preserve civilization from technological dangers, 

offering crucial lessons for the age of Artifical 

Intelligence .  

From the moment the atomic bomb was dropped on 

Hiroshima in August 1945 until his death in 1967, J. 

Robert Oppenheimer was perhaps the most recognizable 

physicist on the planet.In 1942, Oppenheimer was 

appointed to the Manhattan Project, code name for the 

project formed to develop an atomic bomb.He went on to 

serve for almost 20 years as Director of the Institute for 

Advanced Study (IAS) in Princeton, New Jersey (NJ), USA , home to some of the world’s 

leading scientists, including Albert Einstein. In the popular imagination, Einstein 

represented   human genius to uncover the secrets of the cosmos , whereas    Oppenheimer 

played a grimmer role, standing for the dangers of advancing science. 

 

Much of his subsequent career would be spent advising humanity,  how, not to be  destroyed 

by the powers of the atom he had conquered. However , the advice was not always well 

received: The Atomic Energy Commission (AEC) , USA stripped him of his security 

clearance in 1954, in part because of his  pleads for arms control. (AEC posthumously 

reversed that decision last year).Much has been written about his leadership of the Los 

Alamos National Laboratory, his political affiliations and post war military/security  

compliications  and his early death from cancer. For another key period of his life, from 1947–

66, Oppenheimer served as the Director of IAS, which is the longest tenure  for any Director 

thus far. Oppenheimer's legacy at IAS  is keenly felt today. His focus on intellectual freedom 

and  quality of approach highlighted by the active role that he took in bringing together 

scholars from diverse disciplines to address important questions of the day, continues to be  

typical example in IAS scholarship.  

 

Born on April 22, 1904, in New York City, Julius Robert Oppenheimer grew up in a 

Manhattan apartment attractive with paintings by van Gogh, Cézanne, and Gauguin. His f 

Julius Robert Oppenheimer -“Father” of the Atomic Bomb 

                          Dr. Rudraswamy 

Former Professor of Physics, Bangalore University 

 J Robert oppenheimer 



13 |  

 
KPA Newsletter, Feb 2025 

 

 

father, Julius Oppenheimer, was a German immigrant who worked in his family's textile 

importing business. His mother, Ella Friedman, was a painter whose family had been in New 

York for generations. His younger brother, Frank, would also become a physicist. 

In 1921, Oppenheimer graduated from the Ethical Culture School of New York at the top of 

his class. At Harvard, Oppenheimer studied mathematics , science, philosophy , Eastern 

religion,  French and English literature. He was admitted to graduate  in physics in his first 

year as an undergraduate . During a course on thermodynamics taught by Percy Bridgman, 

Higgins University Professor of Physics at Harvard, Oppenheimer was introduced to 

experimental physics, which quickly caught his attention. He graduated  in 1925 and 

afterwards went to Cambridge University's Cavendish Laboratory as research assistant to J. 

J. Thomson. Uninspired by routine laboratory work, he went to the University of Göttingen, 

in Germany, to study quantum physics. Oppenheimer met and studied with some of the day's 

most prominent figures, including Max Born and Niels Bohr. In 1927, Oppenheimer 

received his doctorate, and in the same year,  worked with Born on the structure of 

molecules, producing the Born-Oppenheimer Approximation.  

Subsequently, he traveled from one prominent center of physics to another: Harvard, 

California Institute of Technology, Leyden and Zürich. In 1929, he received offers to teach 

at Caltech and the University of California at Berkeley. Accepting both,  he  attracted  his 

own circle of brilliant young physics students. 

 

 

Oppenheimer in 1947 at the Shelter Island conference where theoretical physicists gathered 

to discuss the state of their field in the aftermath of World War II. From left to right, standing, 

are: W. Lamb, K.K. Darrow, Victor Weisskopf, George E. Uhlenbeck, Robert E. Marshak, 

Julian Schwinger, and David Bohm. From left to right, seated are: J. Robert Oppenheimer 

(holding pipe), Abraham Pais, Richard P. Feynman (seated, with pen in hand), and Herman 

Feshbach 
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His lectures were a great experience, for experimental as well as theoretical physicists, 

commented the late physicist Hans Bethe (1906–2005), who would later work with 

Oppenheimer at Los Alamos. “He was a man who obviously understood all the deep secrets 

of quantum mechanics, and yet made it clear that the most important questions were 

unanswered. His deep involvement gave his research students the same sense of challenge. 

He never gave his students the easy and superficial answers but trained them to appreciate 

and work on the deep problems.” 

 

When his father died in 1937, Oppenheimer became a wealthy man. In 1940, he married 

Katherine (Kitty) Puening Harrison, a biologist and divorcee whose second husband had been 

killed during the Spanish Civil War. 

 

The couple had two children, Peter and Katherine. World War II interrupted the work and 

lives of most American physicists. In 1942, Oppenheimer was appointed to the  

 

 

Manhattan Project, the code name for the project formed to develop an atomic bomb.The 

project involved several laboratories in secret locations across the country, including the 

University of Chicago; Oak Ridge, Tennessee; and Los Alamos, New Mexico. Oppenheimer 

oversaw the construction of the Los Alamos laboratory, where he gathered the best minds in 

physics to work on the problem of creating an atomic bomb. Because of his leadership in this 

project, he is often referred to as the “father” of the atomic bomb. 
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When the war ended, the  USA government set up the  AEC to replace the Manhattan Project. 

The AEC was  overseeing all atomic research and development in the United States. As 

Chairman of the General Advisory Committee, Oppenheimer opposed the development of 

the hydrogen bomb. Known as the “Super Bomb,”  which was a thousand times more 

powerful than the atomic bomb. In the context of the Cold War, when the United States and 

the Soviet Union  struggled for power, Oppenheimer's  attitude  was controversial. In the 

1950s, while Oppenheimer was Director of the  IAS, anti-Communist hysteria was sweeping 

through Washington, D.C.,  led by the conservative Senator Joseph McCarthy of Wisconsin. 

McCarthy and anti-Communist zealous   people devoted themselves to rooting out 

Communist secret agents  from every walk of American life. Oppenheimer was subjected to 

a security investigation. In 1953, he was denied security clearance and lost his position with 

the AEC. Doors that had formerly been open to him were closed. “Oppenheimer took the 

outcome of the security hearing very quietly but he was a changed person; much of his 

previous spirit and liveliness had left him” recalled Bethe. He delivered the Reith Lectures 

on the BBC in 1953, and these were published under the title “Science and the Common 

Understanding.” In April 1962, the U.S.  

Government made amends for the treatment Oppenheimer  suffered  during  denied  security 

clearance , when President Kennedy invited him to a White House dinner of Nobel Prize 

winners. In 1963, President Johnson awarded Oppenheimer the highest honor given by the 

AEC, the Fermi Award. 

Oppenheimer died of throat cancer on February 18, 1967. After the successful test of the “ 

device ” as the first atomic bomb was called, he is said to have quoted the Bhagavad Gita: 

“Now I am become death, the destroyer of worlds.” 

Robert Oppenheimer (right) with John von Neumann in front of the Electronic 

Computer Project’s ENIAC machine, ca. 1952. 
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Oppenheimer's fascination with the Bhagavad Gita is well-documented. It is said that he 

carried a copy of the Gita with him and frequently referred to its verses during thought of the 

day. In particular, Oppenheimer found resonance with the Gita's teachings on the interplay 

between light and darkness, creation and destruction, and the moral dilemmas faced by 

individuals in positions of power. Oppenheimer's journey and his encounter with the 

Bhagavad Gita serve as a reminder that human understanding is not confined to one domain 

alone. Here are a few quotes from the Bhagavad Gita that J. Robert Oppenheimer found 

particularly inspiring:  

• "Now I become Death, the destroyer of worlds." (Chapter 11, Verse 32)  

• "You have the right to perform your prescribed duty, but you are not entitled to the fruits of 

your actions." (Chapter 2, Verse 47)  

• "The wise see that there is action amid inaction and inaction amid action." (Chapter 4, Verse 

18)  

• "The soul is neither born and nor does it die." (Chapter 2, Verse 20)  

• "Among weapons, I am the thunderbolt." (Chapter 11, Verse 23)  
 

These quotes demonstrate Oppenheimer's deep appreciation for the philosophical and 

spiritual teachings of the Bhagavad Gita, which helped shape his worldview and moral 

thinking. The fascinating connection between Oppenheimer and the Bhagavad Gita bridges 

the gap between science and philosophy, revealing the inter-connectedness of human pursuits 

in the quest for knowledge and wisdom.  

References  

1. Monk, Ray (2012). Robert Oppenheimer: A Life Inside the Center. New York; Toronto: 

Doubleday  

2. Nichols, Kenneth (1987). The Road to Trinity: A Personal Account of How America's 

Nuclear Policies Were Made. New York: William Morrow and Company.  

3. Pais, Abraham (2006). J. Robert Oppenheimer: A Life. Oxford: Oxford University Press.  

****** 

 

 



17 |  

 
KPA Newsletter, Feb 2025 

 

 

 

 

 

 

Introduction: It's well-known that magnetic fields arise from two primary sources: moving 

electric charges and the intrinsic magnetic moments of elementary particles, a quantum 

property linked to spin. Special Theory of Relativity (STR or SR for short) a foundation of 

modern physics, describes the relationship between space and time for observers in inertial 

reference frames. This article explores the interesting connection between SR and magnetic 

fields generated by moving charges. 

By the late 19th century, the relationship between electricity and magnetism was well-

understood, supported by a robust mathematical framework. James Clerk Maxwell's theory 

of electromagnetism, formulated in 1875 unified these phenomena. In 1905, Albert Einstein's 

groundbreaking paper, ’ Zur Elektrodynamik bewegter Körper or "On the Electrodynamics 

of Moving Bodies," laid the foundation for STR. It was motivated by the inconsistencies 

observed in the concept of absolute motion and the incompatibility of Maxwell's equations 

with Newtonian/Classical mechanics. Einstein proposed a radical new perspective. 

STR transforms classical mechanics, particularly for objects moving at relativistic speeds 

(speeds that are close to the speed of light). A key feature is the replacement of Galilean 

transformations with Lorentz transformations, which accurately describes the relationship 

between different inertial reference frames .Furthermore, STR challenges our intuitive 

notions of space and time as separate entities, merging them into a single entity known as 

spacetime. One of its most counterintuitive consequences, length contraction, is particularly 

relevant to our discussion. 

Further, STR reveals a deep connection between electricity and magnetism by demonstrating 

that they are not separate phenomena but rather two aspects of a unified entity called the 

electromagnetic field. This connection arises from the way SR transforms physical laws 

between different inertial frames of reference. The electric (E) and magnetic (B) fields 

transform into each other when observed from different inertial frames moving relative to 

one another. These transformations depend on the relative velocity of the reference frames 

and the orientation of the fields. For instance ,if a purely electric field is observed in one 

frame, an observer in  a frame moving relative to the first with a uniform velocity might detect 

both an electric field and a magnetic field. Similarly, a moving charge creates a magnetic 

field in addition to the electric field, depending on the observer's frame of reference. 

              Magnetic Field and Special Theory of Relativity 
                                               Prof. K M Raghavendran 

                                  Physics dept., MES College, Bengaluru 
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Generally, when we introduce STR there is an impression created in the minds of the students 

that the effect of STR comes into play only when the relative speed of two objects is a 

considerable fraction of the speed of light (c). Surprisingly this is not the case. In fact, 

relativistic length contraction, along with Coulomb's law, accounts quantitatively for the force 

on a charged particle as it moves relative to a current-carrying wire. This force, which in the 

reference frame of the wire we call “magnetic force”, is measurable and important even at 

relative speeds on the order of 10−12c. This article explores the relation between magnetism 

and special relativity.  

A Gedenken experiment based on STR: Suppose that a current flows in a wire that is 

stationary in the laboratory reference frame. Let us assume the current to be due to the flow 

of negative charges. To the observer in the lab frame the wire is electrically neutral, the 

numbers of positive and negative charges per unit length of wire being equal. But what does 

the wire “look like” to a negatively charged particle moving in the same direction and at the 

same speed as the charges moving in the wire?  

To such a particle, the negative charges in the wire are stationary while the positive charges 

are moving. The question we now pose is , to the moving particle, is the wire still 

electrically neutral? According to STR, relative motion causes a shortening (contraction) of 

space along the direction of motion Hence, in the reference frame of the moving negatively 

charged particle, 

➢ The average distance separating positive charges in the wire is smaller than the 

average distance separating negative charges.  

➢ This means the linear charge density of positive charges is greater than the linear 

charge density of the negative charges. 

➢ Consequently,  in the reference frame of the moving particle, the wire is positively 

charged! Since for equal lengths of the wire in the lab and moving frame the positive 

charge in the moving frame would be more while there is no change in the negative 

charge. 

This would result in a Coulombic attractive force between the moving negative charge and 

the net positive charge in the wire. and it is this Coulomb (Electric) force that, in the lab 

frame  is referred to as the magnetic force on the moving charge due to the electric current 

in the wire!  

To see the connection between STR and magnetic field I will first list some well-known key 

results in electric fields, magnetic field. and STR that are generally introduced to students in 

classes XI, XII and UG. These results are obtained from Colomb’s law, Biot-Savarts law etc. 

We shall adopt SI system of units. 
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1.Electric field due to an infinitely long line of charges  

Consider an infinitely long line of charges of linear charge density λ (Fig 1) in a frame where 

the charges are at rest. Let P be a point at a perpendicular distance r from the line of charges. 

The magnitude of the Electric field at point P is  

𝐸 =
2𝐾𝐸   𝜆

𝑟
    where     𝐾𝐸 =

1

4𝜋𝜖𝑜
                 ------------ (1) 

The direction of the E is away from the line of charges since we have assumed the charges to 

be positive 

 

Fig(1) Electric Field due to an infinite line of charges 

2.Magnetic field due to an infinitely long current carrying conductor  

Consider an infinitely long straight conductor carrying a constant current I Fig(2). The 

magnitude of the Magnetic field at a point P which is  at a perpendicular distance r from the 

conductor is given by 

𝐵 =
2𝐾𝑚  𝐼

𝑟
        where 𝐾𝑚 =  

𝜇𝑜

4𝜋
     ------------(2) 

The direction of B is out and perpendicular to the plane of the figure indicated by the dot at 

P 

 

 

 

Fig (2) Field due to an infinite long conductor carrying a constant current I 

3.Length Contraction 

 Consider an object which is at rest concerning an observer in a frame S placed along the X 

axis. The length as measured by the observer is LO. This is called the proper length of the  
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object. Now for an observer who is in a frame S/ moving with a constant velocity v (v < c the 

speed of light) concerning S along the positive X axis (we assume the three axes of S and S/ 

are parallel and there is no relative motion between the frame along the Y or Z axis).  the 

object will appear to move with a velocity v along the negative x-axis. 

According to STR the length L of the object measured by the observer in S/ will be contracted 

along the direction of motion of the object and thus will appear shorter! i.e. L < LO Length L 

is referred to as improper length. This effect is known as Length contraction. The relation 

between L and LO is  

𝐿 = √1 − 
𝑉2

𝑐2   𝐿𝑂         ------------ (3) 

Since 
𝑉2

𝑐2  < 1   it follows √1 −  
𝑉2

𝑐2 < 1  and hence L < LO . 

Note: (1) The above expression is also expressed in the alternate form as 𝐿 =  
𝐿𝑂

𝛾
    

where γ =
1

√1− 
𝑉2

𝑐2

> 1  

 (2) The effect is mutual for the observers in frame S and S/ 

4. Charge Invariance (Conservation) 

Consider a line of charges q distributed over the length l of an object. According to STR the 

total charge in an isolated system will be the same as measured by observers in two inertial 

frames of reference in relative motion. This is a consequence of the conservation of charge 

principle. It is to be noted, however, that this does not necessarily imply that the charge 

densities will be the same! The linear charge density will depend on the state of motion of 

the object within the two frames. This is a consequence of Length contraction. 

5. Relation between Electric Permittivity (𝛜𝐎) and Magnetic Permeability ( 𝛍𝐎)  

One of the fundamental results of Maxwells theory of electromagnetism is the relation 

between c, ϵO, and  μO.    𝑐 =  
1

√ϵO   μO
    

Let us now understand how moving changes are a source of magnetic field.  
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Consider a long electrically neutral conducting wire at rest in frame S, carrying a current I to 

the left and a positive charge q at rest distant r from the wire. Let the current be due to the 

flow of negative charges to the right with a drift velocity v. We assume the negative charges 

to be a very long line of charges of linear charge density λ- Cm-1 

 

 

 

 

Fig (3) The point charge q at rest 

experiences no electric or magnetic force in frame S 

In a time Δt the charge passing any point in the wire is the charge contained in a length vΔt 

which is 

∆𝑞 = λ− 𝑣 𝛥𝑡             ------------(4) 

Hence the current for an observer in frame S is 𝐼 =  
∆𝑞

𝛥𝑡
= 𝜆_𝑣   ------------(5)  

Let the positive charge density in the wire be 𝜆+ . As the wire is electrically neutral 𝜆+ = λ−,  

Note that in this frame the positive charges are at rest. Since by our assumption there is no 

net charge density(or charge), in the wire there is no electric force on the positive charge q. 

Now let us observe the situation from frame S/ which is moving to the right with a velocity 

v w.r.t the frame S  

 

Fig (4) The point charge q experiences 

Electric & Magnetic force in frame S/ 

In this frame the negative line of charges will 

be at rest while the  

 

positive line of charges will move to the left with a velocity V. According to the STR if the 

total charges as measured in the two frames are the same the charge densities will be unequal. 

If we had N positive charges over a length LO in the frame S ,now these N charges will be 

contained over a length L where, 



22 |  

 
KPA Newsletter, Feb 2025 

 

 𝐿 = √1 −  
𝑉2

𝑐2   𝐿𝑂 ! Thus, the positive charge density will be greater  𝜆+
/

=
𝑁

𝐿
=  

𝜆+

√1−
𝑉2

𝑐2  

  

However, the negative charge density will be smaller, since  a length L containing a given 

number of charges (N) in this frame (where it is at rest) will be contained in a smaller length 

in S where it is moving with a velocity v. The negative charge density in the frame S/ is  

𝜆−
/ = √1 −

𝑣2

𝑐2
    𝜆− 

The ratio of the charge densities in the frame S/will be 

𝜆+
/

𝜆−
/ = 

1

1−
𝑣2

𝑐2

    > 1 𝑤ℎ𝑖𝑐ℎ 𝑖𝑚𝑝𝑙𝑖𝑒𝑠 𝜆+
/

>  𝜆−
/   ------------ (6) 

In arriving at equation (6) we have cancelled 𝜆+& 𝜆−  since 𝜆+ = 𝜆−.Since there is a net 

positive charge density, in the frame S/ it follows that there will be an electric field (E) due 

to the line of charges at the site of the charge q, which will be directed away from the line of 

charges (wire).  

This means the positive charge q at a distance r from the line of charges(wire) will experience 

a force FE directed away from the wire. 𝐹𝑬 = 𝑞𝐸   Now using equation (1) we have 𝐸 =

2𝐾𝐸 𝜆𝑁𝐸𝑇

𝑟
=

2𝐾𝐸[ 𝜆+
/

−𝜆−
/ ] 

𝑟
  =

2𝐾𝐸𝜆+
/

{1−
𝜆−

/

𝜆+
/ }

𝑟
    Using equation (6) and simplifying we get 

𝐸 =
2𝐾𝐸𝜆+

/

𝑟
(

𝑣2

𝑐2) ------------ (7) 

The electric current in the frame S/ is  𝐼 =  𝜆+
/

𝑣 → 𝜆+
/

=
𝐼

𝑣
  Substituting for 𝜆+

/
 in equation (7) 

and simplifying we get 𝐸 =
2𝐾𝐸𝐼

𝑟
(

𝑣

𝑐2)  .Thus the Electric force on the charge q will be 

𝐹𝐸 = 𝑞𝐸 =  2
𝐾𝐸 

𝑐2  
𝐼

𝑟
 𝑞𝑣 ------------ (8) 

This force(repulsive) is directed away from the wire. Now if this was the only force acting 

on the charge q, then the charge would have accelerated away from the wire. However, this 

is not the case as the charge is at rest with respect to the wire. It moves with a velocity v 

parallel to the wire in the in the same direction as the wire ! for the observer in S/. This means 

there must be another force on q (Let’s say FB) which is directed towards the wire and whose  
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magnitude is equal to FE . We assert that FB is the magnetic force. For the observer in S/, q 

is a moving charge and the wire has a constant current I. 

𝐹𝐵 =  2
𝐾𝐸 

𝑐2  
𝐼

𝑟
 𝑞𝑣  ------------ (9) 

we note that FB is proportional to q ,v and I. From the principles of magnetism, the force on 

a charge q moving with a constant velocity v in a magnetic field B is 

 FB = q (v x B) or FB = q v B sin θ where θ is the angle between v and B vectors. If θ = 90O 

then we have FB = q v B .and the direction force is given by the usual rule of cross product. 

The magnitude of B is 

𝐵 =
𝐹𝐵

𝑞𝑣
=  

2𝐾𝐸 𝐼 𝑞𝑣

𝑐2 𝑟 𝑞𝑣
=

2𝐾𝐸 𝐼 

𝑐2 𝑟 
 

Using the relations 𝑐 =  
1

√ϵO   μO
    , 𝐾𝐸 =

1

4𝜋𝜖𝑜
 and 𝐾𝑚 =  

𝜇𝑜

4𝜋
  we have 𝐾𝐸 = 𝐾𝑚𝑐2  

𝐵 =
2𝐾𝑚 𝐼 

 𝑟 
 ------------ (10) 

Since FB is directed towards the wire downward(-ve y direction) and v of the charge q is 

towards the left (-ve x direction) for the observer in S/ it is clear that The direction of B is out 

and perpendicular to the plane of the figure (4).  

Equation (10) is the expression for the magnetic field due to an infinitely long  

current carrying wire as mentioned in equation (2) ! which can be deduced from Biot 

Savarts law.  

We thus note that the magnetic field produced by a current-carrying wire and the magnetic 

force such a wire exerts on a moving charge can be understood based on STR and the principle 

of conservation of charge. 
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For the first time, scientists have successfully observed top quarks, ultrafast and unstable 

fundamental particles created in an Earth-based laboratory. This groundbreaking discovery, 

announced by the ATLAS collaboration at the Large Hadron Collider (LHC), represents a 

pivotal moment in our understanding of matter and the early seconds of the Universe.  

What is a Top Quark?  

Quarks are elementary particles that constitute matter. They are the building blocks of protons 

and neutrons, which in turn form the nuclei of atoms. There are six different types of quarks, 

known as “up,” “down,” “charm,” “strange,” “top,” and “bottom.” These particles are held 

together by fundamental forces, notably the strong nuclear force, mediated by another particle 

called a gluon. 

The top quark is unique for several reasons. First, it is the heaviest of all quarks. Although 

only slightly more massive than a proton, it is much more challenging to study due to its 

unstable nature. Indeed, the top quark decays extremely quickly (in only 5×10^-25 seconds), 

a timeframe so brief that it is nearly impossible to measure with our instruments. This 

instability makes the top quark a difficult particle to observe in nature, highlighting the 

significance of the observation made at the LHC.  

The LHC and Lead Ion Collisions  

The LHC is the world’s largest particle accelerator, located at CERN in Switzerland. This 

massive accelerator collides particles at speeds close to that of light, recreating extreme 

conditions similar to those just after the Big Bang.  

One of the experiments conducted at the LHC involves colliding lead ions, highly energetic 

nuclei of lead atoms. These collisions generate temperatures and pressures similar to those of 

the early Universe, allowing scientists to simulate the quark-gluon plasma, a state of matter 

that existed in the first fractions of a second after the Big Bang.  

This plasma is a chaotic soup of quarks and gluons, where quarks are not bound to form 

protons and neutrons but float freely. Observing particles like the top quark in this context is 

crucial, as it helps us understand how quarks and gluons interact under these extreme 

conditions and how the Universe evolved in its infancy.  

     Revolution in Physics: Top Quarks Created for the First Time at 

CERN 

       Sarah Johnson , Biomedical Engineer and Science Journalist 
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Why is This Discovery Revolutionary?  

One of the most fascinating aspects of this discovery is the role of the top quark as a temporal marker 

in the study of the quark-gluon plasma. Since top quarks decay very rapidly, scientists can use these 

decays to study the evolution of the plasma itself. Each observed top quark in these lead ion collisions 

can then provide information about the conditions at a specific moment in this primordial plasma.  

The observation of the top quark also offers a unique opportunity to explore the interior of protons 

and neutrons, the components of atomic nuclei. By studying how momentum (or speed) is distributed 

among the quarks and gluons in these particles, researchers hope to better understand the 

fundamental properties of matter and energy in the Universe.  

A Window into the Infinitely Small and the Infinitely Large  

Observing top quarks is not just a technological feat. It also pushes our understanding of matter and 

the forces governing the Universe to an unprecedented level. By studying such fundamental 

particles, researchers hope to answer some of the biggest questions in modern physics: How do 

fundamental forces interact? What are the properties of the particles that make up atoms and nuclei?  

The results of this experiment could also help explore even more complex phenomena, like the nature 

of dark matter or dark energy, mysterious elements that make up a large part of the Universe but still 

elude our understanding.  

The Next Steps in Research  

Scientists involved in this discovery are already preparing to deepen this research. The observation 

of the top quark is a key step, but it is just the beginning. In the coming years, new experiments will 

allow for a more detailed study of the decays of top quarks and their products, such as the W boson, 

a mediator of the weak nuclear force.  

These studies will enable a better understanding not only of the properties of matter but also of the 

Universe’s earliest moments.  

In summary, the observation of top quarks at the LHC marks a major milestone in particle physics. 

By allowing us to observe such extreme phenomena, this discovery could revolutionize our 

conception of the Universe and open new perspectives on matter, fundamental forces, and the origins 

of our cosmos.  
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In a cutting-edge development that has sent shockwaves through the scientific community, 

researchers at University College London (UCL) have unveiled a radical theory that seeks to 

reconcile two pillars of modern physics – quantum mechanics and Einstein's general theory 

of relativity.  

These two theories, which have been the foundation of physics for over a century, have long 

been at odds with each other, and their unification has remained an elusive quest.  

Today, we dive into the world of quantum gravity, a field of study that aims to bridge the gap 

between the quantum realm, which governs the behavior of particles at the smallest scales, 

and the macroscopic world, where gravity shapes the very fabric of spacetime.  

While the prevailing consensus has been that Einstein's theory of gravity must be modified 

to fit within the framework of quantum theory, a new theory, coined as a "postquantum theory 

of classical gravity," challenges this assumption in a thought-provoking way.  

The Clash of Titans: Quantum Mechanics vs. General Relativity  

Quantum mechanics and general relativity, developed by Albert Einstein in the early 20th 

century, have both stood the test of time and have been proven accurate in their respective 

domains. However, when it comes to merging these two theories into a single, comprehensive 

framework, the scientific community has hit a roadblock. 

Quantum mechanics, which beautifully describes the behavior of particles at the subatomic 

level, operates in a probabilistic realm characterized by wave functions and quantum states.  

In contrast, general relativity paints a different picture of the universe, where gravity arises 

from the curvature of spacetime caused by massive objects. While these theories excel in their 

own domains, they clash when brought together, leading to mathematical inconsistencies and 

contradictions.  

A New Approach: Spacetime as Classical  

Enter Professor Jonathan Oppenheim and his team at UCL, who have challenged the status 

quo with their groundbreaking theory. In two parallel papers published simultaneously, they  

propose a novel perspective that suggests spacetime may remain classical and unaffected by 

quantum mechanics.  

New Theory Unites Quantum Mechanics and General Relativity 

         Joseph Shavit,  Space, Technology and Medical News Writer 
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This theory, as described in a paper published in Physical Review X (PRX), refrains from 

modifying spacetime itself and instead modifies quantum theory.  

The core tenet of this theory is that spacetime remains classical, not subject to the constraints 

of quantum theory. Instead, quantum theory is tweaked to account for intrinsic 

unpredictability mediated by spacetime. What is the consequence?  

Spacetime experiences random and violent fluctuations that exceed the expectations set by 

quantum theory. These fluctuations, if measured precisely enough, render the apparent weight 

of objects unpredictable.  

To put their theory to the test, the researchers propose a groundbreaking experiment aimed at 

detecting fluctuations in mass over time. For instance, consider a 1kg mass – the standard 

measurement used by the International Bureau of Weights and Measures in France. If the 

measurements of this 1kg mass exhibit fluctuations smaller than those required for 

mathematical consistency, it would challenge the new theory.  

This experiment, which has far-reaching implications for our understanding of gravity and 

quantum mechanics, is not just theoretical but practical. It serves as a critical juncture in the 

ongoing debate between competing theories of quantum gravity.  

Professor Oppenheim, along with Professor Carlo Rovelli and Dr. Geoff Penington, leading 

proponents of quantum loop gravity and string theory, respectively, have even placed a 

5000:1 odd bet on the outcome.  

Five Years of Rigorous Testing  

The UCL research group, led by Professor Oppenheim, has spent the past five years 

meticulously developing and examining their theory, scrutinizing its consequences from 

various angles.  

As Professor Oppenheim puts it, "Quantum theory and Einstein's theory of general relativity 

are mathematically incompatible with each other, so it's important to understand how this 

contradiction is resolved."  

Their journey has been marked by relentless exploration of the fundamental nature of gravity 

and the cosmos itself, probing the boundaries of our knowledge and challenging preconceived 

notions.  
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Beyond the Weight of Gravity: Implications of the Postquantum Theory  

While the focus of the postquantum theory is on reconciling quantum mechanics and general 

relativity, its implications extend far beyond the realm of gravity. One notable consequence 

is the elimination of the notorious "measurement postulate" in quantum theory.  

This postulate, which has long perplexed physicists, posits that measurements collapse 

quantum superpositions into definite states. In the new theory, quantum superpositions 

naturally localize through their interaction with classical spacetime, obviating the need for 

this postulate.  

Professor Oppenheim's journey to this groundbreaking theory was motivated by his attempt 

to unravel the mysteries of the black hole information paradox. According to standard 

quantum theory, information cannot be destroyed.  

Therefore, an object entering a black hole should somehow radiate information back out. 

However, this concept directly contradicts general relativity, which posits that once an object 

crosses a black hole's event horizon, it becomes inaccessible.  

The postquantum theory offers a unique perspective, suggesting that the fundamental 

breakdown in predictability inherent to spacetime allows for information to be destroyed, 

resolving this long-standing paradox.  

The proposal to test whether spacetime remains classical by detecting random fluctuations in 

mass is just one part of the puzzle.  

Another experimental proposal aims to verify the quantum nature of spacetime through a 

phenomenon called "gravitationally mediated entanglement." These experiments, though 

challenging, hold immense promise in advancing our understanding of the fundamental laws 

of nature.  

Professor Sougato Bose, an expert in the field who was not involved in the recent UCL 

announcement but had previously proposed the entanglement experiment, emphasized the 

importance of these endeavors, stating, "Experiments to test the nature of spacetime will take 

a large-scale effort, but they're of huge importance from the perspective of understanding the 

fundamental laws of nature. I believe these experiments are within reach – these things are 

difficult to predict, but perhaps we'll know the answer within the next 20 years."  

At the heart of this theory lies a delicate interplay between quantum particles, such as atoms, 

and the fluctuations in classical spacetime. These fluctuations, if the theory holds, must occur 

on a scale yet to be detected but should be large enough to impact quantum particles' behavior.  
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The proposed experiments seek to find this elusive balance, shedding light on whether 

spacetime remains classical or succumbs to quantum mechanics at microscopic scales. In the 

words of Professor Oppenheim, "Now that we have a consistent fundamental theory in which 

spacetime does not get quantized, it's anybody's guess." The journey has just begun, and the 

future of physics has never looked more intriguing.  

Background information 

Quantum mechanics background 

All the matter in the universe obeys the laws of quantum theory, but we only really observe 

quantum behavior at the scale of atoms and molecules. 

Quantum theory tells us that particles obey Heisenberg’s uncertainty principle, and we can 

never know their position or velocity at the same time. In fact, they don’t even have a definite 

position or velocity until we measure them. Particles like electrons can behave more like 

waves and act almost as if they can be in many places at once (more precisely, physicists 

describe particles as being in a “superposition” of different locations).  

Quantum theory governs everything from semiconductors which are ubiquitous in computer 

chips, to lasers, to superconductivity to radioactive decay. In contrast, we say that a system 

behaves classically if it has definite underlying properties.  

A cat appears to behave classically – it is either dead or alive, not both, nor in a superposition 

of being dead and alive.  

Why do cats behave classically, and small particles quantumly? We don’t know, but the 

postquantum theory doesn’t require the measurement postulate, because the classicality of 

spacetime infects quantum systems and causes them to localize. 

Gravity background  

 Newton’s theory of gravity, gave way to Einstein’s theory of general relativity (GR), which 

holds that gravity is not a force in the usual sense. Instead, heavy objects such as the sun, 

bend the fabric of spacetime in such a way that causes the earth to revolve around it. 

Spacetime is just a mathematical object consisting of the three dimensions of space, and time 

considered as a fourth dimension. General relativity predicted the formation of black holes 

and the big bang. It holds that time flows at different rates at different points in space, and 

the GPS in your smartphone needs to account for this in order to properly determine your 

location.  
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A feature of light absorption by hydrogen surrounding early galaxies could be used as a novel 

new probe into the mysteries of dark matter and how it influenced the evolution of the 

universe during the cosmic dark ages.  

Scientists have long theorized that dark matter, a mysterious substance that makes up around 

85% of the matter in the universe, played a huge role in the formation of early galaxies. But 

because dark matter doesn't interact with light (unlike the "normal" matter that makes up 

stars, planets and us), its nature remains unknown. That means the precise role it played 

as galaxies began to form remains a gap in cosmological models.  

 

To investigate this puzzle, scientists from Northeastern University in China and the National 

Astronomical Observatories of the Chinese Academy of Sciences (NAOC) have suggested a 

novel probe to shed light on both the nature of dark matter and the early formation of galaxies. 

 One possible way of investigating the particles that comprise dark matter and their mass has 

been by studying small-scale structures in the universe. The problem comes when attempting 

to do this for a period called "cosmic dawn," around 380 million years after the Big Bang, a 

time when the earliest stars were just being born. There were thus few viable light sources to 

illuminate this ancient epoch for astronomers. 

But there were atoms during this era, in the form of a gas of the lightest chemical element, 

hydrogen. Like all elements, hydrogen absorbs light at characteristic wavelengths, leaving its 

fingerprint on light passing through it.  

 

Searching for dark matter in a cosmic forest 

Atomic hydrogen gas in and around the small-scale structures that existed during the cosmic 

dawn, which ended around one billion years after the Big Bang, creates characteristic 

absorption lines at 21 centimeters, in the radio range of the electromagnetic spectrum. These 

are collectively called the 21-cm forest, which has been proposed as a potential probe of gas 

temperature and dark matter during cosmic dawn for over 20 years. 

 

This has remained just a theoretical concept, however, due to the fact that light from this era 

has been traveling for around 13.4 billion years to reach us. Along the way, it has lost energy 

and had its wavelength stretched and its frequency lowered, moving it down the 

electromagnetic spectrum toward the red region and beyond to infrared.  

The more distant the source of light, the more extreme this "redshift" process is. With starlight 

absent, using the 21-cm forest as a dark matter probe requires radio-loud sources like quasars 

World’s Largest Radio Telescope to Unveil Dark Matter and 

First Galaxy Secrets 

             Robert Lea, Senior Science Journalist, U.K. 

                           

https://www.space.com/20930-dark-matter.html
https://www.space.com/15680-galaxies.html
https://www.space.com/52-the-expanding-universe-from-the-big-bang-to-today.html
https://www.space.com/41550-breaking-of-the-cosmic-dawn.html
https://www.space.com/25126-big-bang-theory.html
https://www.space.com/25732-redshift-blueshift.html
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to be seen at cosmic dawn and thus at high redshift. But signals from such radio sources in 

this epoch are faint, and these high-redshift background sources are difficult to identify. 

This situation may be about to change, however. Not only have a number of high-redshift 

radio-loud quasars been discovered recently, but the world’s largest radio telescope, the 

Square Kilometre Array (SKA), began construction in Australia and South Africa in 

December 2022 and will soon open its sensitive radio eye on the universe. This suggests that 

detecting and using the 21-cm forest may soon be feasible. 

 SKA Observatory  is expected soon-to-be largest radio telescopes in the world. 

The team behind the new study thinks that measuring the distribution of energy of the 21-cm 

forest, or its "power spectrum," will make it a plausible probe to simultaneously measure dark 

matter properties and the thermal history of the universe.  

This could help researchers distinguish between a cold dark matter model of the universe  — 

 one with massive dark matter particles moving slowly in comparison to the speed of light  — 

 and a hot dark matter model, with lighter and more fast-moving dark matter particles. 

"By measuring the one-dimensional power spectrum of the 21-cm forest, we can not only 

make the probe actually feasible by increasing the sensitivity, but also provide a way to 

distinguish the effects of warm dark matter models and early heating process," said National 

Astronomical Observatories researcher Yidong Xu, corresponding author of the new study. 

"We will be able to kill two birds with one stone!" SKA) is an international radio telescope 

project with telescopes all over the world.  

 

As long as cosmic heating wasn't too extreme during cosmic dawn, the low-frequency 

capabilities of phase 1 of SKA’s operations should mean scientists can constrain the mass of 

dark matter particles and gas temperature. If cosmic heating was too great, then the second 

phase of SKA will see the instrument enlarged, leading to the use of multiple background 

radio sources delivering the same constraints. 

 

As the potential use of the 21-cm forest as a dark matter probe is tied to observations of high-

redshift background radio sources, the next step in this research is identifying more radio-

bright sources during the cosmic dawn, including more radio-loud quasars and the afterglows 

of gamma-ray bursts.  

 

These sources can then be followed up once SKA  begins observing the universe in 2027, 

thus allowing astronomers to shed more light on the mysteries of both dark matter and the 

first galaxies. 
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Who is not wonderstruck by the sight of huge metallic machines called airplanes, carrying so 

many people and cargo, flying in the air like birds and traveling great distances in a short 

time? They are indeed great wonders of science and technology that have revolutionized the 

world of travel and transportation. Airplanes began to appear on the scene after the pioneering 

efforts of the Wright brothers in the USA during 1903-1905. The two brothers demonstrated, 

for the first time, how controlled flight of heavier-than-air machines could be achieved. Since 

then, many improvements and modifications have been made to their engines and structures, 

making airplanes reliable, comfortable, fast, and safe modes of travel and transport over long 

distances. This short article discusses the most basic aspects of airplane design and operation 

for the benefit of curious students and novices. 

The main parts of airplane 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

The body of the plane is called its fuselage (see the figure, courtesy NASA). It is generally a 

long, tube-shaped part, where the pilots and passengers are seated. In a small plane, the engine 

that spins specially designed blades, called propellers, is located in the front part of the plane, 

known as the nose. While spinning, the blades propel or push a large amount of air toward 

the back of the plane at high speed. In larger planes, specialized engines called jet engines 

are attached  

How Airplanes Fly – A Brief Accont 

 Dr. B.A. Kagali, Professor of Physics (Retd.) Bangalore University 
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to the wings, and there are no propeller blades (see figure). The jet engines push enormous 

amounts of compressed air backward at a high rate, generating the forward force of the plane, 

called thrust, in accordance with Newton’s third law of motion. The wheels of a plane form 

the landing gear. There are two main wheels on either side of the plane’s fuselage. For 

stability, there is one more wheel near the front of the plane. The landing gear can be folded 

into the fuselage during flight and extended for landing in larger planes. In smaller planes, 

the landing gear cannot be folded. 
 

All planes have right and left wings that are attached to the fuselage—either on top or to the 

sides of the fuselage. The wings are specially shaped with smooth surfaces. The top surfaces 

are slightly curved from the front (or leading edge) to the back (or trailing edge), as shown in 

the figure. The top surface is curved more than the bottom surface. High-speed air moving 

around the wing produces the upward lift for the airplane. The shape of the wings determines 

how fast and high a plane can fly. Wing shapes are designed by performing tests in wind 

tunnels. 

Each wing has two movable plates called flaps and ailerons, which are connected to the backs 

of the wings with hinges. The flaps slide back and down to increase the surface area of the 

wings. They also tilt downward to increase the curvature of the wing, which helps during 

takeoff and landing. The ailerons are hinged closer to the edges of the wings and can move 

vertically up and down. The left and right ailerons always move together in opposite 

directions. They are used to tilt the wings up or down, causing a motion called rolling. This 

helps the plane turn smoothly to the left or right. 

Usually, they are operated along with a movable metal plate called the rudder, which is hinged 

to the backside of the tail. The tail, located at the rear of the plane, provides stability. It 

consists of two parts: the horizontal stabilizer and the vertical stabilizer. The rudder, attached  

Source: NASAnNhttps://www.sciencelearn.org.nz/ 



35 |  

 
KPA Newsletter, Feb 2025 

 

 

to the back of the vertical stabilizer, can be moved left or right to control the plane's left or 

right movement (yaw). 

There are movable plates called slats on the front part of the wings. These extend the wing 

area during takeoff, helping the plane generate more lift. Additionally, two hinged parts called 

elevators are attached to the back of the horizontal stabilizer at the rear of the plane. These 

can be raised or lowered together to change the direction of the plane's nose, a movement 

known as pitch. When the elevators are raised, the plane's nose moves up, and when lowered, 

the nose moves down, causing the plane to ascend or descend. 

Special metal plates called spoilers, hinged in the middle part of the wings, act as air brakes 

in larger planes to reduce speed during landing. However, spoilers are not present in smaller 

planes. 

 

Forces on a Plane 

 

Four kinds of forces normally act 

on a flying plane (as shown in the 

figure). The gravitational force, 

due to the Earth, acts downward, 

pulling the plane toward the 

ground. The engine, which spins 

the propeller blades or operates a 

jet engine, produces a forward 

force by displacing a large mass of 

air backward at high speed. According to Newton’s third law, the displaced air pushes the 

plane forward with an equal and opposite force, known as thrust. 

Airplane wings have specially designed surfaces that cause air to move faster over the top 

surface, which has a greater curvature. When air moves faster in a region, the pressure 

decreases in that region, as stated by Bernoulli’s principle. This results in lower air pressure 

on the top of the wing compared to the bottom, creating a force called lift that pushes the 

plane upward. The lift force is proportional to the square of the velocity and the surface area 

of the wings. For a plane to rise from the ground and fly, the lift must exceed the gravitational 

downward force (its weight). 

Meanwhile, the air surrounding the plane creates a drag force, which opposes the forward 

motion, similar to friction. Once the plane generates enough thrust to overcome both the drag 

and gravitational force, it can lift off and maintain flight. 
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Controlling the Flight 

How does a plane perform different maneuvers? A pilot has special controls within reach to 

guide the plane. Using levers and buttons, the pilot can change the plane's motion in three 

ways: pitch, roll, and yaw (see the figure). 

Pitch refers to the up-and-down movement of the plane’s nose, turning about an axis that runs 

through the wings. To control pitch, the pilot adjusts the elevators on the tail. Lowering the 

elevators causes the tail to lift (according to Bernoulli’s principle), which lowers the plane's 

nose, initiating a descending motion. Conversely, raising the elevators lowers the tail and lifts 

the nose, causing the plane to climb. This maneuver is crucial during takeoff or ascent. 

 

To roll the plane to the right or left, the 

ailerons are raised on one wing and lowered 

on the other simultaneously. The wing with 

the lowered aileron rises whiles the wing 

with the raised aileron moves down, once 

again following Bernoulli principle. To roll 

the plane to the left, for example, the right 

aileron is lowered while the left aileron is 

raised at the same time. Note that rolling is 

nothing but angular motions about an axis 

passing through the fuselage and is controlled by the ailerons. 
 

Yaw is the turning of a plane about an axis that is passing vertically upwards through the 

center of the plane. When the rudder is turned to one side, say to the left, there is a net force 

acting towards the right on the tail (again from the Bernouille principle). As  a result, the nose 

of the plane turns to its left. For turning the plane rightward, the rudder is moved to its right.  

Hence, the airplane's nose is pointed in the same direction as the direction of the rudder. The 

rudder and the ailerons are used together to make a turn to the left or right in a smooth manner. 

 

The pilot controls the engine power using the throttle. Pushing the throttle increases power, 

causing the plane to lift up. If the elevators are pushed up at the same time, the nose gets lifted 

and the plane climbs up. While landing, the power of the engine is reduced while the elevators 

are pushed down from their normal position to lower the nose direction.  

Hence, all the three motions – pitch, roll and yaw – are achieved by moving, relatively, small 

surfaces on a plane while high speed air is passing over them! 



37 |  

 
KPA Newsletter, Feb 2025 

 

 

The pilot uses brake pedals to reduce the speed of the landing wheels after they touch the 

ground from a flight in the air. In bigger planes, there are plates, called spoilers, that are 

hinged to the wings and are made to stand up vertically on the wings (offering greater 

resistance to air) to reduce the speed of a plane moving on the runway after touchdown. 

 

Of course, there are so many parts and devices such as fuel tanks, air conditioners, 

speedometers, altimeters, radio transmitters, and batteries are essential for flight. 

 

However, it can be seen that the movements of a plane are cleverly controlled by small 

movements of various attachments (slats, flaps, ailerons, spoilers, elevators) to its wings and 

tail, effectively using the power of moving air! Mechanical, electrical and electronic devices 

are used to perform such movements. One can try to identify such movements of an airplane 

to marvel at a technological feat! 
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****** 

How Airplanes Fly 

A child gazes at an airplane soaring above and asks, “How does it stay up in the air?” 

The parent smiles and says, “It all starts with the wings. When the plane moves forward, air 

flows faster over the top of the wings than underneath. The shape of the wings creates lower 

pressure above and higher pressure below, which generates lift—this helps the plane rise. 

“Then, the engines provide thrust, pushing the plane forward, allowing the wings to create 

enough lift to overcome gravity. But the plane also has to fight drag, which is air resistance 

that slows it down. The balance between these forces—lift, thrust, drag, and weight—is 

what keeps the airplane flying smoothly.” 

The child, now fascinated, nods. “So, it’s like the plane needs all of these things working 

together to stay in the air?” 

“Exactly,” the parent replies, watching the plane glide effortlessly across the sky. 
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One of the snippets in a newspaper from a few years ago had this to say about a woman 

physicist from the first part of the 20th century: “Bibha was supposedly India's first woman 

researcher. Yet, neither does the name of this gifted physicist surface in any book on inspiring 

Indian women, nor is she mentioned amongst various lists of Indian pioneers in the history 

of science. Bibha also did not win any national award or receive a fellowship from a renowned 

scientific society during her lifetime.” The Bibha referred to in the note is Dr. Bibha 

Chowdhuri, and this is a brief article on this neglected great pioneer of Cosmic Ray Physics. 

The interested reader is referred to an erudite and exhaustive article by Naba Mondal covering 

various aspects of her life and research. I should note that I was fortunate to have interacted 

briefly with her during my student days. 

Bibha as student 

Bibha Chowdhuri (Fig. 1) was born in 1913 in Calcutta to a Brahmo family of considerable 

means. Given their modern outlook on life, it was no surprise that 

the family wanted good education for their children.  Bibha 

Chowdhuri studied physics at Calcutta University which previously 

had Prof C V Raman on its faculty. Prof Raman had already been 

conferred with the Nobel Prize a few years earlier for his pioneering 

work in optics. Prof Raman’s work had also provided evidence for 

particle nature of light. Bibha Chowdhuri was the only woman in a 

class of 24 students. She completed the M.Sc. degree in the year 

1936. Normally even today many students, especially women, who 

complete their MSc opt for teaching. Instead, she preferred to do 

research and joined Prof Debendra Mohan Bose (1885-1975) in 

Calcutta University. Later in 1938 Prof Bose left the University to 

join the Bose Institute founded by the venerable scientist Jagdish Chandra Bose.   Bibha 

Chowdhuri went with Prof DM Bose to the institute and her work with him for the next few 

years is an important chapter in the lives of both scientists and of Particle Physics research in 

the country.   

 

Debendra Bose did his initial studies in Calcutta and later went to England in 1907 for further 

studies, where he worked with stalwarts like J.J. Thompson, the discoverer of the electron 

and C.T.R. Wilson, the pioneer inventor of the Cloud Chamber. Later, he returned to Bengal  

Bibha Chowdhuri, A Poineer Cosmic Ray Physicist 

Palahalli Vishwanath (Former Professor, TFIR, Bombay 
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in 1913 and became Professor of Physics in Calcutta University. He was instrumental in 

influencing several younger colleagues including Satyendra Nath Bose who eventually 

discovered Bose -Einstein statistics and thus lent his name to the even spin particles. He went 

back to then West (Germany) in 1914 and stayed there for 5 years during which he interacted 

with the cream of German scientists like Albert Einstein, Max Planck and others. He also 

received the PhD degree from Humbolt University in 1919. He became the director of Bose 

institute in 1 938 and served there for 29 years His contributions are in the field of Cosmic 

Rays, Artificial Radioactivity and Neutron. 

At this time, we digress to discuss briefly the Nuclear Emulsion technique which was the 

medium used by Bose and Chowdhuri in their path breaking research.  

 

The Nuclear Emulsion Technique   

The standard charge particle detectors in early 20th century were the ionization chambers 

(and its different avatars like the GM counter), the scintillation detectors and the Cloud 

Chamber. Along with these there was also the Nuclear Emulsion which was a take-off from 

simple photography. It uses a photographic plate with a higher concentration of Silver Halide 

grains. It has the primary advantage of extremely high spatial precision and resolution, quite 

superior to even the more modern detectors in particle physics. Another great advantage was 

that the emulsion stacks can be left exposed to Cosmic Rays for a very long time.  

 It owes its beginning to Henri Becquerel 

who discovered in 1896 the phenomenon of 

Radioactivity when he found the blackening 

of photography paper wrapped up with some 

uranium salts. Later, Ernest Rutherford, a 

pioneer in many aspects of Nuclear Physics, 

Kinoshita and others improved the emulsion 

technique for detection of different types of 

particles.  Further progress in the technique 

is due to an Austrian physicist Marietta Blau (1894-1970) who was the first to detect a track 

of proton in emulsions. In 1937 she also devised a method to find the energy of particle 

depending upon the distance between the exposed silver grains along the tracks.  

She also discovered ‘stars’ in photographic plates which are due to particle tracks from 

nuclear reactions (Fig. 2 shows an example) and showed the immense possibility of nuclear 

emulsions in these studies. Soon after her important discoveries, she had to leave Germany 

because of Nazi persecution and spend time in various laboratories in Europe, Mexico and  

      Fig 2 
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the USA. Even after she returned to post-war Austria, she did not get employment 

commensurate with her abilities. She had to work  

without any pay several times in her life and she died of cancer in 1970 in Vienna. Her death 

was almost unnoticed. Her life was probably typical of women in scientific fields, even in 

relatively enlightened countries of Europe.  

 Calcutta and the new particles  

Progress in Emulsion Technique continued in India under the guidance of Debendra Bose, 

whose group Bibha Chowdhuri joined as a researcher. In 1938, the Indian Science Congress 

took place in Calcutta. Among the many foreign scientists who attended the Congress was 

Walter Bothe, the pioneer Cosmic Ray scientist from Germany. From him Debendra Bose 

learnt about the exciting work by Blau and associates. This immediately induced him and 

Bibha Chowdhuri to work with emulsions.  

The great excitement for experimentalists at that time was the possible discovery of new 

particles. Chadwick had discovered the Neutron, another constituent of the nucleus, in 1932. 

In the same year Anderson had discovered the Positron, the twin particle of the electron, 

among secondary Cosmic Rays. Few years later (1936) there was another discovery in 

secondary Cosmic Rays by Anderson and Niedermeyer, that of Muon (also called Mu Meson 

at that time).  Meson (actually called Mesotron for few years when Bhabha suggested the 

simpler word meson) had entered the physicist’s world through Yukawa, the Japanese 

theoretical physicist. He had suggested that nuclear forces between nucleons is mediated by 

a low mass particle and he had estimated its mass as 200 times that of electron. For some 

time, Muon was thought of as Yukawa’s particle but given up because it could penetrate 

matter and did not have strong interactions. So, the search for Yukawa particle had become 

the holy grail of experimental particle physicists.  

Bose and Chowdhuri bought half tone emulsion plates of 70-micron thickness from ILFORD 

company. They exposed these plates at three different altitudes – Darjeeling, Sandakphu and 

Pheri Jong (Tibet) with altitudes of 7000ft, 12000 ft and 14500 ft respectively for period of 

6-9 months. The plates were then taken back to Calcutta. For calibration, they also had proton 

tracks from radioactive experiments.  When they started analysing the plates, they noticed 

that the plates from mountains displayed large curved tracks with significant scattering 

whereas proton tracks had minimal scatter. Apart from it, the proton tracks had much higher   

energy deposition than Cosmic Ray tracks. They devised methods to eventually get the mass 

of the particle responsible for the track and published two papers in NATURE explaining 

their methodology. Roy and Singh state “… From measuring the length of the track, 

scattering, mean grain spacing etc., Bose and Chowdhuri determined the physical properties  



41 |  

 
KPA Newsletter, Feb 2025 

 

 

of the detected particle such as its mass, energy, momentum, etc”. The reader is referred to 

that article as also the one by Mondal for detailed report on their methods and results.   

In their two final papers in NATURE (‘A photographic method to measure the mass of the 

Mesotron’), Bose and Chowdhuri attempted to derive the mass of the particle responsible for 

the tracks. According to Mondal, they give their estimates as 217 +/- 30, 336 +/- 20, and 313 

+/- 20 in units of electron mass.  They also note that the second and the third estimates could 

have contamination from protons.  They needed better quality emulsions for further research 

to improve the mass estimates but war intervened and they had to stop the experiment. Thus, 

came to halt a very important experiment by Indian physicists in Particle Physics. There have 

been some discussions on whether the particles detected by Bose and Chowdhuri are pi 

mesons or muons. Here we just note that the mass of the muon is ~206 electron mass and of 

the pion is ~ 280 electron mass. Bibha Chowdhuri’s contribution to this endeavour cannot be 

over stressed. This was certainly the pinnacle of her research and it is a mystery why she did 

not choose to write her thesis on this very important work. 

Later C.F. Powell used improved photographic plates (full tone) and discovered the pi meson 

in 1947 for which he got the Nobel Prize three years later.  Powell did acknowledge the 

contribution of Bose and Chowdhuri to the field “In 1941, Bose and Chaudhuri had pointed 

out that it is possible, in principle, to distinguish between the tracks of protons and mesons in 

an emulsion... they concluded that many of the charged particles arrested in their plates were 

lighter than protons, their mean mass being 200 electron mass. The physical basis of their 

methods was correct and their work represents the first approach to the scattering method of 

determining momenta of charged particles by observation of their tracks in emulsion”  

Bhibha in West 

After the war, Bhibha Chowdhuri joinedthe famous Patrick Blackett (1897-1974) in 1945 at 

Manchester for doctoral studies. Blackett’s fame rested on 

the concept of the counter-controlled Cloud Chamber; he 

had studied earlier under Rutherford and in 1932, together 

with G.P.S. Occhialini, improved on the cloud chamber 

technique in which they managed to make cosmic rays 

take their own photographs (Fig 3 shows the iconic photo 

of a positron track in a cloud chamber taken by Anderson) 

 

Blackett had diverse interests and conducted rock 

magnetism studies which supported the theory of 

continental drift. He was also the adviser for Prime  

 

          Fig.3 
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Minister Nehru in matters of defence. He was a champion of third world countries regarding 

economic matters.  

 

Bibha Chowdhuri’s experiment was a study of  Extensive Air Showers (EAS) associated with 

the so-called penetrating component which included mostly muons. EAS consists essentially 

of thousands of particles created in several generations by the interaction of a Cosmic Ray 

primary particle with nitrogen in the atmosphere; these particles (mainly electrons, muons, 

photons, and variety of mesons) arrive simultaneously at the detectors. She set up several 

detectors (GM counters) to record and register the EAS particles and a detector under lead to 

study the penetrating component. A Cloud Chamber was triggered when both the EAS and 

the penetrating particle (mostly moons) were present. She worked for several years on this 

experiment and collected many many clouds chamber pictures. She presented all this in her 

thesis in 1948 which brought her the PhD degree.  About her work in Manchester, Blackett 

wrote later to Homi Bhabha “…… Her examiners considered she did extremely well.  I also 

have seen her thesis and it is very impressive”.  

Dr Bibha Chowdhuri returned to West several 

times later in her life (dates are not very certain 

here).  She worked with the French physicist 

Leprince Ringuet in a high-altitude laboratory in 

Alps in 1956 and worked on decay of K mesons 

registered in cloud chambers (1954-1956) (Fig. 4 

shows a photo of Dr Bibha Chowdhuri in a 

conference in Pisa in 1955). Later she spent two 

years in the University of Michigan (1957-1959) 

working on Cosmic Ray Extensive Air shower experiments with Dr Wayne Hazen.  Before 

returning to India, she also worked on an EAS experiment by MIT which was starting up in 

New Mexico which furthered her expertise in EAS studies.  

TIFR and PRL  

Two premier institutions of fundamental science were founded in the same decade after 

independence by two visionaries of Indian science. Homi Bhabha started Tata Institute of 

Fundamental Research (TIFR) in 1945 in Bombay and Vikram Sarabhai founded Physical 

Research Laboratory (PRL) in 1947 in Ahmedabad.  Both Bhabha and Sarabhai needed young 

people for various research programs; and both had made contributions to Cosmic Ray 

Physics and thus anxious to start experiments in this field. It is not surprising that Bibha 

Chowdhuri, herself a pioneer in Cosmic Rays, worked in both of these institutions. 

          Fig.4 
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Bhabha recruited Dr. Bibha Chowdhuri to head experiments with a cloud chamber. She was 

the first woman physicist to work in TIFR.  At that juncture, TIFR had several youngsters 

who would conduct path breaking experiments; In particular, they were B.V. Sreekantan, 

R.R. Daniel, D. Lal and Y. Pal who started working on various problems of particle physics 

using different detectors. Bibha Chowdhuri started an experiment, somewhat similar to what 

she had in Manchester. Along with a younger colleague A. Subramanian, she used the Cloud 

Chamber to study the penetrating component and after few years of data taking, she came to 

the conclusion that the penetrating component was not restricted to muons and also had what 

came to be known later as hadrons.  After five years, she decided to leave TIFR in 1954. She 

took up a lectureship in an engineering college in Bengal.  

After a stint in the West as stated earlier, Dr Chowdhuri joined Physical Research Laboratory 

in 1959 to work with Vikram Sarabhai in setting up an EAS array in Kodaikanal. Due to 

various reasons, this effort was not successful. Later she decided to collaborate with TIFR 

which already had a large EAS array at KGF. She wanted to focus on interaction of muons 

in EAS. Along with a graduate student (Y.C. Saxena), she set up an underground detector 

with an energy threshold of 160 GeV for muons; the information about possible coincident 

EAS came from the large TIFR array. This experiment ran for almost a decade and yielded 

results on photo nuclear interactions of high energy muons. She retired from PRL after this 

experiment and returned to Bengal. While at PRL, she was also engaged in teaching and Dr 

Kasturirangan, ex ISRO Chief and one of her students, remembers her thus: ‘Her teaching 

prepared us for the more demanding challenges of research. What I remember more is her 

friendly disposition despite her serious appearance which resembled that of a school master”  

She was 63 years old when she returned to Bengal in 1976.  Her next years were spent in 

interaction with scientists in various institutions in Calcutta. She was also involved with 

several experiments conducted there. Bibha Chowdhuri died in obscurity at Calcutta in 1991. 

According to Roy and Singh, no obituary was published in any professional journal or 

periodical.  

Conclusions  

During her life, Bibha Chowdhuri had to face various hurdles, some especially connected 

with the fact that she was a woman.  In patriarchal societies, like in most of the world, 

education was not considered a priority for women. She was lucky that her family valued 

education. However, at the very start of her research, she had to face antagonism from 

Debendra Bose who was not inclined to welcome her to his group. Western societies are also 

not free from these prejudices. Even liberal scientists like Blackett had doubts about the  
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working of women in experimental sciences; in his recommendation he had suggested to 

Bhabha that she work in a group implying that she may not be able to manage by herself! We 

have seen earlier how   Marietta Blau, the pioneer in emulsion studies, was also not given 

sufficient recognition and how she led a largely unknown life. Even later in 20th century, there 

have been glaring instances of misogyny with neglect of great discoveries by Jocelyn Bell 

and by Vera Rubin. According to Roy and Singh, it is possible that even premier institutions 

under visionaries like Bhabha and Sarabhai were not immune from prejudices. There are two 

mysteries regarding her stay in TIFR. Why did she not take up nuclear emulsion work? Was 

she not encouraged in that line or did she herself prefer cloud chamber work?  Also why did 

she leave a good position in a premier institution like TIFR to take up a job, that too for a 

lower pay, for teaching engineering students? Even in PRL she was not offered a high position 

though she had worked for several decades in research.  

It should also be noted that there is not much recognition anywhere in the world for individual 

experimental scientists working in large groups.  It is worse when the scientist happens to be 

a woman. Two books devoted to women scientists of India and published in the first two 

decades of the 21st century also did not mention Bibha Chaudhuri at all! 

 It is some consolation that she is finally getting some recognition in this country. In a major 

tribute to her, the International Astronomical Union (IAU) named a star ‘Bibha’ after her in 

December 2019. She is the only woman scientist from India to have received such an honour. 

Also, out of 11 chairs instituted by the Govt of India named after women scientists, one has 

been named after Dr Bibha Chowdhuri.  

We have already noted Dr Bibha’s great perseverance in research. We have to note that she 

was physically also a very strong person. Going to England, Europe and America in 1940s 

and 1950s meant long journeys alone by ship and she managed them very well. When 

working with Prof. Bose in the pioneering emulsion experiments, she had to go to several 

Himalayan hill stations. Even today these trips are arduous. Bibha Chowdhuri managed to go 

around these places on horses! Similarly, she would go to the underground experiment in 

KGF mines without any problems. A salute to the brave lady!  

Lastly, she was a great supporter of women in science. “Women are terrified of physics– that 

is the trouble.” In an interview she said “In this age when science, and physics particularly, 

is more important than ever, women should study atomic power; if they don’t understand how 

it works, how can they help decide how it should be used? “It is true that there are more 

women in science today. Still, the world, and India in particular, needs many more women 

scientists like Bibha Chowdhuri.  



45 |  

 
KPA Newsletter, Feb 2025 

 

 

Personal notes 

TIFR was doing a Cosmic Ray Extensive Air Shower (EAS) experiment in KGF mines in the 

1960s. I had done my MSc in Central College in 1962 and was taken as beginning graduate 

student for this experiment. It was around the same time (1965/66) that PRL also started a 

similar, but smaller, experiment. The group had Sri Yogesh Saxena, a student like me and Dr 

Bibha Chowdhuri, their head. She came quite often to KGF, and she worked very closely 

with us. We were apprehensive in the early days of a senior person like her but with time we 

grew accustomed to her. She always had a smile and was very nice to us and talked to us as 

equals. Our discussions centred around mundane but necessary details of the experiments. Dr 

Vikram Sarabhai also visited their experiment once.  

Without enough maturity, we could not appreciate Dr Bibha Chowdhury for the pioneer she 

was and we were totally ignorant of her achievements. She was also not the one to talk about 

herself. Thus, it was a missed opportunity for me not to have learnt from her deep knowledge 

of the subject. This article is a humble tribute to that pioneering physicist. 
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• "Science is a journey of discovery, where every question leads to a deeper 

understanding of the universe." 

• "In the pursuit of knowledge, every experiment is a step toward unravelling the 

mysteries of nature." 

• "The beauty of physics lies not in the equations, but in the answers, they reveal 

about the world around us." 

• "Through the lens of science, we see not only the universe but also the infinite 

possibilities of human potential." 
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EEG, an acronym for electroencephalogram, is the non-invasive 

technique of recording fluctuating 

electrical activity in the brain 

(brain wave) associated with emotions, behaviour and 

thinking. It is a useful tool in modern medical and 

psychological practices that allows clinicians to describe and 

diagnose various conditions and diseases related to the brain. 

If an individual goes to get an EEG the doctor will look at 

the waveform patterns to determine how different stimuli 

affect the brain. The year 2024 happens to be centenary year 

of the first recording of electrical activity within human brain by German psychiatrist Hans 

Berger.  EEG has  now become an indispensable tool in neurophysiology.  

EEG had its origin with the discovery of recordable electric potentials from activated nerves 

and muscles of animals and in the last quarter of the 19th century, from the cerebral cortex of 

animals. Hans Berger recorded potentials from the” scalp of patients with skull defects “and 

a few years later with more sensitive instruments from “intact subjects (those without 

defects)”. Berger ‘s findings were independently confirmed in early 1934 by lord Adrian in 

England and Hallowell Davis at Harvard, USA.  

Early Life and Education of Hans Berger 

Hans Berger (1873-1941) was born in Neuses, Coburg, Germany on 

21st May 1873. His father, Heinrich Berger was a practising 

physician and his mother Anna Rupel Berger a homemaker. On 

completion of secondary education in Casimirianum, in 1892, he 

enrolled as a mathematics and astronomy student at Friedrich 

Schiller University of Jena with the intention of becoming an astronomer. After one semester 

he discontinued the studies and enrolled for a year of service in German army. In the spring 

of 1893, just before his 20th birth day, during training, his horse suddenly lost balance and 

stumbled. Both he and his horse were thrown down an incline to fall beneath the rumblings 

of wheels of a large artillery piece drawn by six dray horses. The driver of the artillery battery, 

being alert, halted the horses and saved Berger from being crushed to death. As a strange 

coincidence his sister, sensing some danger for Berger, at home many miles away suddenly  

Hans Berger 

    Hans Berger: The Father of EEG 

Dr. Somasekhar, Former Principal, A S M college for Womens, Ballari 
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wake up in the night, is agitated and insisted their father to telegram Berger and enquire about 

his well-being. She told her parents ‘She knew with certainty’ Hans had suffered a deadly 

accident. On knowing this Berger believed this was a case of “spontaneous telepathy”, where 

in, at a time of mortal danger, he transmitted his thoughts to his sister, who was particularly 

close to him, acted as the receiver. This incident deeply affected Berger and made him curious 

about the possibility of telepathy or some form of communication between mind and brain 

that could occur without physical contact. 

In the third millennium, however, skepticism may arise about Berger’s motivation for 

studying telepathy, as conclusive results were not obtained. Nevertheless, the peculiar notion 

of studying telepathy must be understood within the cultural milieu of the mid-nineteenth to 

mid-twentieth century, particularly in the midst of the telecommunications revolution: 

Maxwell’s seminal work on unification of electricity and magnetism in 1864, Hertz’s 

demonstration of electromagnetic waves in 1887, Marconi’s telegraph patent in 1897 and the 

first transoceanic transmission of radio signal in 1902. These developments solidified the 

understanding that ‘electric and magnetic phenomena combined’ formed the basis for long 

distance signal transmission. At the same time, it became known to him that animal exhibited 

electrical activity, starting from Galvani’s studies in late eighteenth century and later by 

experts from Europe. It is possible, Berger may have been inspired by the emerging 

knowledge of that period to entertain the revolutionary hypothesis of long- range thought 

transmission, considering telepathy somehow to be mediated by electrical energy in the brain. 

Berger embraced a psychophysical model based on the principle of energy conservation 

proposed by Helmholtz and Lehman. This model proposes an interaction between physical 

and mental phenomena, suggesting that the latter are out comes of the energetic 

transformations of the former. The model also proposes that, the chemical energy associated 

with any change in mental state in the brain undergoes conversion into three primary forms 

within the brain: heat, electricity and p-energy, the energy associated with specific mental 

states – thoughts, feelings and emotions. He believed that careful measurement of cerebral 

energetics would help in acquiring evidence for paranormal phenomenon such as telepathy.  

On completion of his military service and obsessed by the idea of how his mind could have 

carried a signal to his sister, Berger switched his study from mathematics to medicine with a 

speciality in neuropsychiatry ,studying first in Wurzburg, then in Munich, Kiel and Jena 

universities with sole aim of discovering the physiological basis of this psychic energy 

transfer with the central theme “ the search for the correlation between objective activity in 

the brain and subjective psychic manifestations”. After obtaining his doctorate degree in 

medicine in 1897, he took position as a junior staff member at the psychiatric clinic of the 

University of Jena. He remained there for 41 years until his retirement in 1938 at the age of  
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65, having served as Dean of the Medical School, Rector of the University, and finally 

Director of the hospital. 

Earlier works 

At the onset of his scientific 

career Berger attempted to 

study human mental function 

through measuring brain 

temperature, pressure and 

cerebral blood flow in relation 

to mental states. He speculated that changes in cerebral activity, such as intense thought or 

emotion, could influence local heat production in the brain. He had strong belief that a change 

in mental state must be associated with certain energy ( psychic energy)that manifests in the 

form of thermal energy( which causes local heating resulting in increase in temperature) and 

electrical energy .He measured brain pressure using experimental methods (using 

plethysmograph).He also measured intracerebral temperature changes during neurological 

procedures in awake and locally anaesthetised patients and sought to identify biochemical 

alterations accompanying mental activity and consciousness. These studies were a broader 

attempt to establish a physiological basis for mental processes. Though his work on brain 

temperature and pressure was pioneering for its time, it did not yield conclusive results. He 

then turned his attention to studying “brain electrical activity “. 

Berger was aware of the reported works of several European researchers in England, Poland, 

Ukraine and Germany on electrical activity of animal brains. 

Origin of electrical activity in brain and brain waves 

For most of the cells in human body there is always a 

potential difference across the cell membrane, called 

membrane potential (also called rest potential)due to 

distribution of excess positive Na ions outside the cell 

and a high concentration of negatively charged 

chloride ions 

(as well as small number of K+ inside the cell), with 

the inside of the cell being more negatively charged 

relative to the outside. Human brain has billions of 

such cells called neurons. Each neuron with a 

membrane potential of -60 to -90 mv acts as an  
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electrical cell and is connected to thousands of nearby neurons. Communication happens 

between them through small currents that travel along the neurons throughout the enormous 

networks of brain circuits. Any change in the membrane potential caused by an act (external 

or from within the brain) is transmitted as electrical signal (action potential) across the cell to 

the nearby cell and so on. Thus, the neurons by firing action potential, are in constant 

communication. These neurons firing electric potentials, generate electric field all around the 

brain. The distribution of this field is different for different regions of the brain. The brain is 

thus surrounded by a non-uniform electric field. Suppose we take two points on the scalp in 

any brain region ,one can measure a pd of about 40 to 90 μv. This pd, however, is not a 

constant but fluctuates due to different regions of the brain being active at different times 

influenced by brain’s state, external stimuli and biophysical processes that generate electrical 

signals. These variations in electric potential difference form a pattern termed “brain waves” 

that provide valuable information about brain function and metal state. 

Works on human brain 

In1902, Berger could reproduce electrical signals from the cortical 

surface of a dog, as was reported earlier by Adolf Beck and Richard 

Caton. Berger’s main interest was to evoke fluctuations of electrical 

currents in human brain to an external stimulus. The available 

technology was hardly conducive for such electro 

physiological research. The electrophysiologists were restricted to 

the use of “string galvanometer”, most frequently used in clinical 

settings to record electrocardiogram. The devise uses a quartz 

conducting fibre stretched tightly between two fixed points. The fibre 

with a small mirror strip attached to it, rests in a strong magnetic 

field. A narrow beam of light reflected from the mirror is made to fall 

on a photographic paper. When the brain current passes through the fibre it is pulled to one 

side by Lorentz force. If the current is varying the fibre oscillates and the beam of light 

reflected from the mirror on to the photo paper traces a wave pattern as the photo paper slides 

down at a constant speed. The oscillations of the current thus recorded on a photographic 

paper is representative of the brain current fluctuations constituting a “brain wave”. But these 

currents were very very small and disappointing. (In early 1910s, recurrent episodes of 

depression, his marriage to the baroness Ursula Von Bulow- a technician in the psychiatric 

clinic- in 1911, his appointment as chief physician of the university clinics in 1912 and the 

outbreak of world war1 in 1914 left Berger with little to no time to dedicate to his research 

on cerebral energetics. During world war1, he was deployed to serve as neuropsychiatrist at  

String Galvanometer  
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the western front Retha, which gave him time to study English and human sciences 

particularly philosophy and make plans for his research after-war.) 

First recording of human brain wave 

Berger’s first efforts of recording the electrical activity of the brain were a complete disaster 

to begin with and that’s why in 1920 Berger took up yet another physiological technique 

“electrical stimulation of the brain” by applying weak 

external electrical voltages on the surface of the brain in the 

absence of the stimulus. Once, after an electrical stimulation 

session Berger decided to switch the electrodes from the 

electrical stimulator to the modified galvanometer, generally 

used to measure electrocardiogram recordings and there was 

his first hint of success when minute, continuous oscillations 

appeared in the galvanometer. The measured result was 

blurred and noisy, when recorded on a paper, and for many 

people meaningless. But it was the starting point of 

encephalography. After this success Berger improved his method trying different electrodes 

and galvanometer. In 1924, the idea occurred to him to attempt electrical recordings from 

patients who had undergone palliative trepanation. He reasoned that since there was a thin 

sheath of tissue covering the trepidation, in such site of skull defects, the problem of 

measuring electrical activity might be simplified. Finally, on July 6, 1924 he was able to 

observe and record EEG from a seventeen-year-old boy who had a trepanation (a 

surgical procedure that involved drilling or scraping a hole into the human skull) 

undergoing surgery for a suspected brain tumour a couple of years ago, and the 

electrodes were placed directly on frontal parietal surface of the cortex that was 

exposed. Berger detected electrical signals from this part of the head with electrodes placed 

on the cortex of the wound site. Though he failed to notice any current in his initial attempts 

he obtained fluctuations of high magnification only when the electrodes were positioned 

4.5cm apart. He wrote in his notes that consistent electric currents could likely be drawn from 

the intact cerebral cortex in humans i.e. healthy individuals, just as seen in dogs, rabbits and 

monkeys as reported earlier. This heralded, for the first time in history, the presence of 

electrical activity recorded from human brain and laid the foundation for the field of EEG 

and our understanding of brain function. Berger continued to record from human subjects but 

often found it difficult to make successful recordings. He continued to refine his methods and 

validate his results over the following years. In 1926, he procured Seaman’s double coil 

galvanometer providing a sensitivity of recording of about 7 1/2 times that of string 

galvanometer. Finally in 1929, after recording hundreds of wave forms under similar  
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conditions of mental state, Berger published his first report titled “On the 

electroencephalogram of humans “. 

• This recording, on a photographic paper, primarily displayed wave pattern of frequency 

in the range 8-13 Hz, with some occasional higher frequency waves, demonstrating the 

rhythmic electrical oscillations of the brain regions. The low frequency waves, he 

called them alpha waves, were visible as smooth, regular, sinusoidal oscillations. The 

waves were dominant when the subject was relaxed with eyes closed and they 

disappeared or reduced in amplitude when the 

subject opened their eyes or became mentally 

active.  

• Some higher frequency waves that he had 

recorded, he called beta waves, of frequency 

13-30Hz were observed when the subject 

engaged in mental activity. The amplitude 

ranged between 20-100 μv, typical of brain 

waves. 

• The rhythm disappeared when the subjects 

opened their eyes or changed from alpha to 

beta when they performed mental tasks like arithmetic calculations, a phenomenon 

known as alpha blocking or Berger effect.  

• This recording was significant because it was the first scientifically documented EEG 

of a human brain as proof of Berger’s hypothesis that “brain generates measurable 

electrical activity characteristic of mental state” and helped Berger identify alpha 

rhythm. 

• This recording was a breakthrough in neuroscience as it demonstrated a) the potential 

for non-invasive measurement of brain activity b) the relationship between mental 

states and brain wave patterns and laid the foundation for future classification of brain 

waves thus paving the way for modern neurophysiology and brain research. 

Between 1929 and 1938 he published 14 

more papers each with the same title but with 

numericals, first report, second report. 

During this intervening period he took 73 

scalp recordings from his son Klaus ,who 

was between 15-17 years during the studies. 

He recorded the signals from the brain of his 

daughter Ilse first in relaxed state with eyes 

closed and then in a state of performing 

arithmetic. He notes that Klaus’ hair was  
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“cut as short as possible” whenever investigations were carried out. He also selected a series 

of volunteers for examination, taking into account the preferability of baldness for achieving 

beautiful recordings. He took simultaneous recordings of EEG and mechanical oscillations 

from Klaus’ scalp using a pulse phone. This he did to ensure 

that EEG were not associated with the pulsatile oscillations of 

the scalp. He also took 56 traces from himself. The recordings 

were done with subjects in different mental states such as wake 

state, relaxed state, state of thinking, deep thinking, changing 

from relaxed to thinking state, eyes closed and eyes opened. In 

one case he records change in wave pattern by pricking the 

finger of a subject with a sharp pin. By 1931, he had gathered 

1133 records from 76 people establishing a normalisation for 

alpha and beta waves in terms of 

frequency and amplitude. He had also recorded the brain signals of 

patients with seizures, epilepsy, drug addiction and dementia. After 

working on the results of his studies and analysing the wave patterns 

for several years, he compiled his work in a monograph “Nova 

Actinal Leopoldina” published in 1938. This monograph 

comprised,  

• description of normal EEG of the adult with his α and βwave 

• the blocking of alpha waves in response to eye opening or sensory stimuli, 

• Characterising brain waves in terms of their frequency (α, β,),  

• the EEG across age groups (new born, children and elderly),isoelectric EEG in brain 

death (a flat brain wave indicating absence of any electric activity),the effect of 

narcotics (slowing of α and β activity) and hyperventilation on EEG (increase in β wave 

activity and decrease in α wave activity) and EEG changes associated with different 

pathological states, 

• intracranial haemorrhage reflected by slowing of α and β activity with disrupted normal 

rhythm, 

• dementia - decreased alpha wave and beta wave activity 

• interictal epileptiform activity- brief and abnormal 

spikes single or in bursts and seizures- rapid recruitment 

of high amplitude waves with spikes. With certain 

exceptions almost all the epilepsy patients showed the 

characteristic EEG alterations during epileptic seizures.  

Validation and Recognition 

Despite initial scepticism from the scientific community in German circles, Berger’s findings 

were validated and gained recognition in the 1930s. In 1934 in Cambridge, England, Nobel  
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laureate Lord E.D. Adrian and B H C Mathews confirmed Berger’s findings. Even Adrian 

called alpha waves as “Berger waves”. In the same year Herbert H Jasper working with 

Carmichael was the first from North America to confirm Berger’s reports on human EEG. In 

1935 Gibbs, David and others detected interictal epileptic forms and 3 Hz spikes during 

clinical seizures. Fischer and Loven back reported first epileptic form spikes. Berger’s work 

marked a critical turning point, as it provided a measurable and objective method for studying 

brain activity, bridging the gap between psychology and physiology. In 1937 Berger was 

invited to speak about his discoveries at the International Psychological Congress in Paris 

and at the centenary of Galvani’s birth in Bologna. In 1939 he was invited to give a series of 

lectures in the United States, which were hampered by the outbreak of war. EEG became a 

standard diagnostic tool first in US, England, and France, 

and then worldwide. Berger’s scientific endeavors made 

him: a member of German Academy of natural Sciences 

Leopoldina, Honorary member of American neurological 

Association, Honorary member American Psychiatric 

Association and Corresponding member Royal Society of 

medicine , London. It is said that ,for the development of 

electroencephalography and pioneering neural recordings he was nominated six times for the 

Nobel Prize , during 1940s and 1950s. Berger’s clinical-scientific legacy, now 

comprehensively recognised, extended and improved, firmly places him among the pioneers 

of neurological disciplines. In Honor of Berger an asteroid is named after him and an Italian 

stamp on epilepsy features the human alpha EEG signal that he first recorded. 

Tragic End  

In 1935 Berger was forced to abandon his research on EEG by Nazi party but kept his 

publications with notes and the material gathered. In 1938 he was not reappointed by Nazi 

Regime to his position as Hospital director, eventually leaving Berger to scientific ostracism. 

On June 1st ,1941 during a severe episode of depression , after long process of decay due to 

heart failure and skin infection , Berger committed suicide by hanging. He was survived by 

his wife, son and daughter. 
 

Conclusions:Hans Berger’s discovery and characterisation of brain waves were monumental 

achievements in the history of science. His pioneering efforts not only demonstrated the 

existence of  electrical activity in the brain but also provided the foundation for modern 

neurophysiology and the development of EEG technology. Despite initial skepticism 

,Berger’s work has had a lasting impact on medicine, research and our understanding of 

human mind. Today, the legacy of Hans Berger lives on in countless applications of EEG,  
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from diagnosing epilepsy to advancing brain- computer interfaces. His determination, 

curiosity and meticulous approach to sciences serve as an enduring inspiration, reminding us 

of the profound insights that can emerge from a relentless pursuit of knowledge. 
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DUÀ À̧zÀ°è zÉÊvÀå£ÀPÀëvÀæUÀ¼À CAwªÀÄWÀlÖzÀ°è 
¸ÀA¨sÀ« À̧ÄªÀ À̧éAiÀÄA«zsÀéA¸ÀPÀ «zÀåªÀiÁ£ÀªÉÃ 

‘¸ÀÆ¥À£ÉÆÃðªÁ’ (𝑆𝑢𝑝𝑒𝑟𝑛𝑜𝑣𝑎). PÀ£ÀßqÀzÀ°è 

‘ªÀÄºÁ£ÀªÀå’ J£Àß§ºÀÄzÀÄ.  1931gÀ°è qÁ. ªÁ®Ögï 
¨ÁqÉ ªÀÄvÀÄÛ ¹éQ 

(𝑊𝑎𝑙𝑡𝑒𝑟 𝐵𝑎𝑎𝑑𝑒 𝑎𝑛𝑑 𝑍𝑤𝑖𝑐𝑘𝑦) JA§ 
RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ‘¸ÀÆ¥À£ÉÆÃðªÁ’ ºÉ¸ÀgÀ£ÀÄß 
¸ÀÈ¶× ªÀiÁrzÀgÀÄ. À̧Æ¥À£ÉÆÃðªÁ DUÀÄªÀ 
ªÀÄÄAavÀªÁV D zÉÊvÀå£ÀPÀëvÀæUÀ¼ÀÄ ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼ÀÄ, 
«QgÀt ªÀÄvÀÄÛ £ÀÆånæ£ÉÆÃUÀ¼À DUÀgÀªÁVzÀÄÝ, CzÀÄ 

¸ÀA¨sÀ«¹zÁUÀ CªÀÅUÀ¼À£Éß¯Áè CAvÀgÀ vÁgÁªÀ®AiÀÄzÀ°è SÁ°ªÀiÁr ¥Àæ À̧gÀt ¤ºÁjPÉ (𝐷𝑖𝑓𝑓𝑢𝑠𝑖𝑜𝑛 𝑁𝑒𝑏𝑢𝑙𝑎) 
DUÀ§ºÀÄzÀÄ. C°èAzÀ ªÀÄÄAzÉ MAzÀÄ À̧ªÀÄAiÀÄzÀ°è £ÀPÀëvÀæ ªÀÄvÀÄÛ UÀæºÀUÀ½AzÀ PÀÆrzÀ £ÀPÀëvÀæªÀÄAqÀ®ªÁVAiÀÄÆ 
gÀÆ¦vÀUÉÆ¼Àî§ºÀÄzÀÄ. E®èªÉ PÀÄ¹zÀÄ £ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ PÀ¥ÀÄà gÀAzÀæªÁUÀ§ºÀÄzÀÄ. 

«±ÀézÀ°è ¥Àæw 10 ¸ÉPÉArUÉ MAzÀÄ À̧Æ¥À£ÉÆÃðªÁ À̧A¨sÀ«¸ÀÄvÀÛzÉAiÉÄAzÀÄ w½zÀÄ§A¢zÉ. EzÀÄ ¸ÀA s̈À«¹zÁUÀ 
PÉ®ªÀÅ ¸ÀªÀÄAiÀÄ ErÃ £ÀPÀëvÀæ¥ÀÄAdªÉÃ CwAiÀiÁV ¥ÀæPÁ² À̧ÄvÀÛzÉ. £ÀªÀÄä À̧ÆAiÀÄð¤VAvÀ C£ÉÃPÀ ¥ÀlÄÖ zÉÆqÀØ 
£ÀPÀëvÀæUÀ¼À ªÀÄzsÉå EAzsÀ£À ªÀÄÄVzÀÄ ¥ÀgÀªÀiÁtÄ À̧«Ää¼À£ÀªÁUÀzÉ PÀÄ¹zÀÄ À̧Æ¥À£ÉÆÃðªÁ DV ¹rAiÀÄÄvÀÛªÉ. E®èªÉ 
PÉ®ªÀÅ ±ÉéÃvÀPÀÄ§ÓªÀÅ vÀ£Àß AiÀÄÄUÀ¼À£ÀPÀëvÀæ¢AzÀ zÀæªÀåªÀ£ÀÄß »ÃjPÉÆAqÀ ¥ÀjuÁªÀÄªÁV CzÀgÀ zÀæªÀågÁ²AiÀÄÄ 

1.44VAvÀ ºÉZÁÑzÀgÉ D ±ÉéÃvÀPÀÄ§ÓªÀÅ ¸ÀÆ¥À£ÉÆÃðªÁ DV ¹rAiÀÄÄvÀÛzÉ. À̧Æ¥À£ÉÆÃðªÁ ¹rvÀªÀÅ MAzÀÄ 
¸ÉPÉAqï£À°è À̧A¨sÀ« À̧ÄªÀ «zÀåªÀiÁ£ÀªÁzÀgÀÆ, CzÀÄ ºÀ®ªÁgÀÄ ªÁgÀUÀ½AzÀ wAUÀ¼ÀÄUÀ¼À vÀ£ÀPÀªÀÇ «ÃPÀëuÉUÉ 
® s̈Àå«gÀÄvÀÛzÉ. 

¸ÀÆ¥À£ÉÆÃðªÀ «zsÀUÀ¼ÀÄ: mÉÊ¥ï1 ªÀÄvÀÄÛ mÉÊ¥ï2 JA§ JgÀqÀÄ «zsÀUÀ½ªÉ. 

1…...   mÉÊ¥ï1 ¸ÀÆ¥À£ÉÆÃðªÀ 

EzÀÄ ¨ÉÃgÉ «zsÀQÌAvÀ ºÉaÑ£À ¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄß vÉÆÃgÀÄvÀÛzÉ. vÁ£ÀÄ ºÉÆgÀ¸ÀÆ¸ÀÄªÀ ªÀtð¥Àl®zÀ°è d®d£ÀPÀzÀ UÉgÉ 
EgÀÄªÀÅ¢®è. mÉÊ¥ï2gÀ JgÀqÀgÀµÀÄÖ «¸ÁÛgÀUÉÆ¼ÀÄîvÀÛªÉ. EzÀgÀ°è mÉÊ¥ï1J, mÉÊ¥ï© ªÀÄvÀÄÛ mÉÊ¥ï1¹ JA§ ªÀÄÆgÀÄ 
«zsÀUÀ¼À£ÀÄß PÁt§ºÀÄzÀÄ.  
 

 

 

                À̧Æ¥À£ÉÆÃðªÁ 
qÁ. ±ÁgÀzÁ £ÁUÀ s̈ÀÆµÀt, Professor of physics (retd), APS College, Bengaluru 

                           

avÀæ 1   ¸ÀÆ¥À£ÉÆÃðªÁ 
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mÉÊ¥ï1J  
EªÀÅ AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ½AzÀ gÀÆ¥ÀÄUÉÆ¼ÀÄîvÀÛªÉ. AiÀÄÄUÀ¼ÀzÀ°è 
MAzÀÄ zÉÊvÀå £ÀPÀëvÀæªÁVzÀÄÝ ªÀÄvÉÆÛAzÀÄ 

±ÉéÃvÀPÀÄ§ÓªÁVgÀÄvÀÛzÉ (avÀæ 2). CwÃªÀ ¸ÁAzÀævÉAiÀÄ£ÀÄß 
ºÉÆA¢gÀÄªÀ ±ÉéÃvÀPÀÄ§ÓªÀÅ zÉÊvÀå £ÀPÀëvÀæ¢AzÀ 
zÀæªÀågÁ²AiÀÄ£ÀÄß vÀ£ÉßqÉUÉ J¼ÉzÀÄPÉÆ¼ÀÄîvÁÛ§gÀÄvÀÛzÉ. CzÀÄ 
ZÀAzÀæ±ÉÃRgï °«Ämï DzÀ À̧ÆAiÀÄð£À zÀæªÀågÁ²AiÀÄ 

1.44C£ÀÄß zÁnzÀ£ÀAvÀgÀ D ±ÉéÃvÀPÀÄ§ÓzÀ°è 
xÀªÉÆÃð£ÀÆåQèAiÀÄgï ¥ÀæwQæAiÉÄ¬ÄAzÀ ̧ ÀÆ¥À£ÉÆÃðªÀ DV ±ÁR ªÀÄvÀÄÛ ̈ É¼ÀPÀ£ÀÄß ©qÀÄUÀqÉ ªÀiÁqÀÄvÁÛ ¹rAiÀÄÄvÀÛzÉ. 

mÉÊ¥ï1J À̧Æ¥À£ÉÆÃðªÀzÀ°è PÀ©âtªÉÃ ¥ÀæzsÁ£ÀªÁVgÀÄvÀÛzÉ. F Cw ºÉaÑ£À ±ÁR ªÀÄvÀÄÛ xÀªÉÆÃð£ÀÆåQèAiÀÄgï 
¥ÀæwQæAiÉÄ¬ÄAzÀ CzÀgÀ zÀæªÀåzÀ°è ¨sÁgÀªÁzÀ gÉÃrAiÉÆÃ DQÖÃªï ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼ÀÆ gÀÆ¥ÀÄUÉÆ¼ÀÄîvÀÛªÉ. PÉ®ªÀÅ 

¸ÀÆ¥À£ÉÆÃðªÀUÀ¼ÀÄ CAvÀgÀvÁgÁªÀ®AiÀÄzÀ°è ºÉÆ¸À £ÀPÀëvÀæ ªÀÄAqÀ®PÀÆÌ PÁgÀtªÁUÀ§ºÀÄzÀÄ. mÉÊ¥ï1J 
¸ÀÆ¥À£ÉÆÃðªÀ-¸ÁØAqÀqïð PÁåAqÀ̄ ï 

zÀÆgÀzÀ £ÀPÀëvÀæUÀ¼À ªÀtð¥Àl®zÀ PÉA¥ÀÄ ¥À®èlzÀ°è «±ÀéªÀÅ JµÀÄÖ ¥ÀæªÀiÁtzÀ°è zÀÆgÀ¸ÀjAiÀÄÄvÁÛ »UÀÄÎwÛzÉ 
JA§ÄzÀÄ w½zÀÄ§gÀÄvÀÛzÉ.  

mÉÊ¥ï1J À̧Æ¥À£ÉÆÃðªÀ Cw ºÉaÑ£À ¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄß ºÉÆgÀºÉÆªÀÄÄäªÀÅzÀjAzÀ, F ¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄß C¼ÉAiÀÄÄªÀÅzÀgÀ 
ªÀÄÆ®PÀ «±ÀéªÀÅ «¸ÁÛgÀªÁUÀÄwÛgÀÄªÀ ªÉÃUÀªÀ£ÀÄß w½AiÀÄ®Ä À̧ºÀPÁjAiÀiÁVzÉ. CzÀgÀ ¥ÀæPÁgÀ FUÀ «±ÀéªÀÅ 
«PÁ À̧ªÁUÀÄwÛgÀÄªÀ ªÉÃUÀªÀÅ ºÉZÁÑUÀÄwÛzÉAiÉÄAzÀÆ w½zÀÄ§A¢zÉ.  

RUÉÆÃ¼À«eÁÕ¤UÀ¼À ¥ÀæPÁgÀ mÉÊ¥ï1J À̧Æ¥À£ÉÆÃðªÀ-
‘¸ÁØAqÀqïð PÁåAqÀ¯ï’DV «±Àé«¸ÁÛgÀªÀ£ÀÄß C¼ÉAiÀÄÄªÀ 
ªÀiÁ£ÀzÀAqÀªÁVzÉ. s̈ÀÆ«ÄAiÀÄ°è zÀÆgÀzÀ±ÀðPÀzÀ ªÀÄÆ®PÀ 

zÀÆgÀzÀ UÁå¯ÁQìAiÀÄ°è ¸ÀA¨sÀ«¹zÀ mÉÊ¥ï1J 
¸ÀÆ¥À£ÉÆÃðªÁzÀ É̈¼ÀQ£À ªÀtð¥Àl®ªÀ£ÀÄß «ÃPÀëuÉ 
ªÀiÁrzÁUÀ CzÀgÀ »ÃjPÉÆ¼ÀÄîªÀ ªÀtð¥Àl®ªÀÅ (avÀæzÀ°è 
PÀ¥ÀÄà UÉgÉUÀ¼ÀÄ) PÉA¥ÀÄ §tÚzÉqÉUÉ À̧Þ¼ÁAvÀgÀªÁVzÉ JA§ÄzÀÄ 

w½AiÀÄÄvÀÛzÉ (avÀæ 3). EzÀPÉÌ PÉA¥ÀÄ 

¥À®èl(𝑟𝑒𝑑 𝑠ℎ𝑖𝑓𝑡)ªÉÀ£ÀÄßªÀgÀÄ. EzÀjAzÀ «±ÀéªÀÅ 
«¸ÁÛgÀªÁUÀÄwÛzÉAiÉÄAzÀÄ ªÀÄvÀÄÛ CzÀgÀ ªÉÃUÉÆÃvÀÌµÀðªÀ£ÀÆß w½AiÀÄ§ºÀÄzÀÄ. AiÀiÁªÀÅzÁzÀgÀÆ É̈¼ÀQ£À DPÀÀgÀªÀÅ 

¨sÀÆ«ÄAiÉÄqÉUÉ ZÀ°¸ÀÄwÛzÀÝgÉ ¤Ã° ¥À®èl (𝑏𝑙𝑢𝑒 𝑠ℎ𝑖𝑓𝑡)ªÉÃ¥ÀðqÀÄvÀÛzÉ. 

C£ÉÃPÀ eÉÆåÃwªÀðµÀð (MAzÀÄ eÉÆåÃwªÀðµÀð=¨É¼ÀPÀÄ MAzÀÄªÀµÀðzÀ°è ZÀ°¸ÀÄªÀ zÀÆgÀ=6 ×

1012Q.«ÄÃ.)zÀÆgÀ¢AzÀ ¥ÀæPÁ² À̧ÄwÛgÀÄªÀ ¸ÀÆ¥À£ÉÆÃðªÁzÀ ¨É¼ÀQ£À  ªÀtð¥Àl®ªÀ£ÀÄß CzsÀåAiÀÄ£À ªÀiÁr CzÀÄ  

avÀæ 2   zÉÊvÀå £ÀPÀëvÀæ ªÀÄvÀÄÛ ±ÉéÃvÀPÀÄ§ÓUÀ¼À AiÀÄÄUÀ¼À ªÀåªÀ̧ ÉÜ 

  avÀæ 3   PÉA¥ÀÄ ¥À®èl ªÀÄvÀÄÛ ¤Ã° ¥À®èl 
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JµÀÄÖ ‘PÉA¥ÀÄ ¥À®èl(𝑅𝑒𝑑 𝑠ℎ𝑖𝑓𝑡)ªÁVzÉAiÉÄAzÀÄ C¼ÉzÀÄ CzÀ£ÀÄß ¥ÀæAiÉÆÃUÁ®AiÀÄzÀ ªÀtð¥Àl®zÉÆqÀ£É 
ºÉÆÃ°¸ÀÄªÀÅzÀjAzÀ, À̧Æ¥À£ÉÆÃðªÁ À̧A¨sÀ«¹zÀA¢¤AzÀ «±ÀéªÀÅ JµÀÄÖ «¸ÁÛgÀªÁVzÉ ªÀÄvÀÄÛ ªÉÃUÉÆÃvÀÌµÀðªÀ£ÀÄß 
¥ÀqÉ¢zÉAiÉÄAzÀÄ ¯ÉPÀÌ ºÁPÀ§ºÀÄzÀÄ.  

qÁ¥Áègï JA§ «eÁÕ¤AiÀÄÄ ªÉÆlÖªÉÆzÀ®Ä ±À§ÝzÀ ªÀÄÆ®ªÀÅ £À«ÄäAzÀ zÀÆgÀ ̧ ÀjAiÀÄÄwÛzÀÝgÉ CzÀgÀ vÀgÀAUÁvÀgÀªÀÅ 
ºÉZÀÄÑ vÀgÀAUÁAvÀgÀzÉqÉUÉ ¸ÀÜ¼ÁAvÀgÀªÁzÀAvÉ vÉÆÃgÀÄvÀÛzÉ JAzÀÄ ¥ÀæAiÉÆÃUÀzÀ ªÀÄÆ®PÀ vÉÆÃj¹zÀgÀÄ. 

ZÀ°¸ÀÄwÛgÀÄªÀ É̈¼ÀQ£À ªÀÄÆ®ªÀÅ vÀ£Àß°ègÀÄªÀ ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼À ªÀtð¥Àl®ªÀ£ÀÄß ºÉÆgÀ¸ÀÆ¸ÀÄvÀÛzÉAiÀÄµÉÖ. 1929gÀ°è 
RUÉÆÃ¼À«eÁÕ¤ Jré£ï ºÀ§¯ï F ¨É¼ÀQ£À ªÀÄÆ®ªÀÅ ¨sÀÆ«Ä¬ÄAzÀ zÀÆgÀ ZÀ°¸ÀÄwÛzÀÝgÉ CzÀgÀ ªÀtð¥Àl®zÀ 
UÉgÉUÀ¼ÀÄ PÉA¥ÀÄ §tÚzÉqÉUÉ (ºÉZÀÄÑ vÀgÀAUÁAvÀgÀzÉqÉUÉ) À̧Ü¼ÁAvÀgÀªÁUÀÄvÀÛzÉ JAzÀÄ À̧A±ÉÆÃ¢ü¹zÀgÀÄ. CAzÀgÉ D 
¥ÀæPÁ±ÀzÀ É̈¼ÀQ£À ªÀÄÆ®ªÁzÀ À̧Æ¥À£ÉÆÃðªÁ £À«ÄäAzÀ zÀÆgÀ À̧jAiÀÄÄwÛzÉ JAzÀÄ ¤zsÁðgÀ. C®èzÉ ºÀ§¯ï 
«±ÀézÀ gÀZÀ£ÉAiÀÄ£ÀÄß PÀAqÀÄ »rzÀÄ CzÀÄ C£ÉÃPÀ UÁå¯ÁQìUÀ½AzÀ PÀÆrzÀÄÝ PÁ®PÀ¼ÉzÀAvÉ CzÀÄ MAzÀPÉÆÌAzÀÄ 
zÀÆgÀªÁUÀÄvÁÛ «±ÀéªÀÅ »UÀÄÎwÛzÉAiÉÄAzÀÄ ªÉÆzÀ®Ä IÄdÄªÁvÀÄ ¥Àr¹zÀgÀÄ. UÁå¯ÁQìAiÀÄ ¸ÀÆ¥À£ÉÆÃðªÁzÀ 
¨É¼ÀQ£À°è ̧ ÀA¨sÀ« À̧ÄªÀ F PÉA¥ÀÄ ¥À®èlzÀ ¥ÀæªÀiÁtªÀÅ CzÀÄ ̈ sÀÆ«Ä¬ÄAzÀ EgÀÄªÀ zÀÆgÀªÀ£ÀÄß CªÀ®A©¹gÀÄvÀÛzÉ, 
CAzÀgÉ £À«ÄäAzÀ zÀÆgÀ«gÀÄªÀ UÁå¯ÁQìAiÀÄÄ ªÉÃUÉÆÃvÀÌµÀð ¥ÀqÉAiÀÄÄvÀÛzÉ JAzÀÄ ªÉÆzÀ®Ä vÉÆÃj¹zÀgÀÄ. 
UÁå¯ÁQìAiÀÄ PÉA¥ÀÄ ¥À®èlªÀ£ÀÄß C¼ÉAiÀÄÄªÀÅzÀjAzÀ UÁå¯ÁQìAiÀÄÄ JµÀÄÖ ªÉÃUÀªÁV £À«ÄäAzÀ zÀÆgÀ¸ÀjAiÀÄÄwÛzÉ 

JA§ÄzÀ£ÀÄß ¯ÉPÀÌºÁPÀÄvÁÛgÉ. EzÀÄ F ±ÀvÀªÀiÁ£ÀzÀ RUÉÆÃ¼À«eÁÕ£ÀzÀ ªÀÄºÀvÀÛgÀ ¸ÀA±ÉÆÃzsÀ£ÉAiÀiÁVzÀÄÝ, 1927gÀ°è 
eÁeïð °ªÀÄmÉÊgï ¥Àæ¸ÁÛ¦¹zÀ ¹zÁÞAvÀªÀ£ÀÄß ¥ÀæAiÉÆÃUÁvÀäPÀªÁV É̈A§°¹vÀÄ. L£ï¹Ö£ï vÀªÀÄä ¹zÁÞAvÀªÁzÀ, 
¸ÁÜ¬Ä «±ÀéPÉÌ §zÀ¯ÁV «¸ÁÛgÀªÁUÀÄwÛgÀÄªÀ «±ÀézÀ ¹zÁÞAvÀªÀÅ ¥ÀæAiÉÆÃUÁvÀäPÀªÁV IÄdÄªÁvÁVzÀÝ£ÀÄß 

¸ÀAvÉÆÃµÀ¢AzÀ ¹éÃPÀj¹ ‘vÀªÀÄä fÃªÀªÀiÁ£ÀzÀ zÉÆqÀØ ¥ÀæªÀiÁzÀ’ (𝑔𝑟𝑒𝑎𝑡𝑒𝑠𝑡 𝑏𝑙𝑢𝑛𝑑𝑒𝑟)JAzÀÄ M¦àPÉÆAqÀgÀÄ.  

mÉÊ¥ï1© ªÀÄvÀÄÛ mÉÊ¥ï1¹ ¸ÀÆ¥À£ÉÆÃðªÀ 

F §UÉAiÀÄ ¸ÀÆ¥À£ÉÆÃðªÁUÀ¼ÀÄ zÉÊvÀå £ÀPÀëvÀæUÀ¼À 
PÀÄ¹vÀ¢AzÀ GAmÁUÀÄvÀÛªÉ.  E°è À̧Æ¥À£ÉÆÃðªÁ 
¸ÀA¨sÀ« À̧ÄªÀ ªÀÄÄAavÀªÁV CªÀÅUÀ¼À°ègÀÄªÀ 
ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼ÀÄ FgÀÄ½îAiÀiÁPÁgÀzÀ°è vÀªÀÄä£ÀÄß 

¸ÀAWÀn¹PÉÆ¼ÀÄîvÀÛªÉ (avÀæ 4). ªÀtð¥Àl®UÀ¼À°è 
PÀæªÀÄªÁV d®d£ÀPÀ, »Ã°AiÀÄA, EAUÁ®, ¤AiÀiÁ£ï, 
DªÀÄèd£ÀPÀ ªÀÄÄAvÁzÀ UÉgÉUÀ¼ÀÄ PÁtÂ¹PÉÆ¼ÀÄîvÀÛªÉ. F 
§UÉAiÀÄ ¸ÀÆ¥À£ÉÆÃðªÀUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ 
CAvÀgÀvÁgÁªÀ®AiÀÄzÀ°è ©Ã¸ÀÄªÀ §®ªÁzÀ UÁ½¬ÄAzÀ 

CªÀÅUÀ¼À ºÉÆgÀ PÀªÀZÀªÁzÀ mÉÊ¥ï1©AiÀÄ°è d®d£ÀPÀ 

ªÀÄvÀÄÛ mÉÊ¥ï1¹AiÀÄ°è d®d£ÀPÀ ªÀÄvÀÄÛ »Ã°AiÀÄA£À 
¥ÀzÀgÀUÀ¼ÀÄ PÀ¼ÀaPÉÆ¼ÀÄîvÀÛªÉ. PÉ®ªÀÅ ¨Áj mÉÊ¥ï1¹ À̧Æ¥À£ÉÆÃðªÀzÀ°è UÁªÀiÁ gÉÃ §¸ïÖð À̧ºÀ DUÀÄvÀÛzÉAiÉÄAzÀÄ 

CzÀgÀ ªÀtð¥Àl® CzsÀåAiÀÄ£À¢AzÀ w½zÀÄ§A¢zÉ. F mÉÊ¥ï1© ªÀÄvÀÄÛ mÉÊ¥ï1¹ À̧Æ¥À£ÉÆÃðªÀUÀ¼ÀÄ  

avÀæ 4   ¸ÀÆ¥À£ÉÆÃðªÀPÉÌ ªÀÄÄAavÀªÁV ªÀÄÆ®ªÀ À̧ÄÛUÀ¼À 
FgÀÄ½îAiÀiÁPÁgÀzÀ ¥ÀzÀgÀ 
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¸ÀA¨sÀ« À̧ÄªÀÅzÀÄ C¥ÀgÀÆ¥ÀªÉAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ C©ü¥ÁæAiÀÄ ¥ÀqÀÄvÁÛgÉ. CªÀÅUÀ¼ÀÄ ¸ÁªÀiÁ£ÀåªÁV ºÉÆ¸À 

£ÀPÀëvÀæUÀ¼ÀÄ gÀÆ¥ÀÄUÉÆ¼ÀÄîªÀ vÁtzÀ°è ¸ÀA¨sÀ« À̧ÄvÀÛªÉ. 1994gÀ°è «gïè¥ÀÆ¯ï UÁå¯ÁQìAiÀÄ°è 𝑆𝑁1994𝐼 JA§ 

mÉÊ¥ï1¹ ̧ ÀÆ¥À£ÉÆÃðªÀ£ÀÄß PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ. CzÀÄ vÀ£Àß ºÉÆgÀPÀªÀZÀªÁzÀ d®d£ÀPÀ ªÀÄvÀÄÛ »Ã°AiÀÄAC£ÀÄß 
ºÉÆgÀºÁPÀÄvÁÛ ¥ÀæPÁ±ÀªÀiÁ£ÀªÁzÀ «QgÀtªÀ£ÀÄß ºÉÆgÀ À̧Æ¸ÀÄvÁÛ PÉ®ªÀÅ wAUÀ¼À£ÀAvÀgÀ ªÀÄ¸ÀÄPÁ¬ÄvÀÄ JAzÀÄ 
w½zÀÄ§A¢zÉ.  

¯ÉÊmï PÀªïìð:  RUÉÆÃ¼À PÁAiÀÄUÀ¼À°è §zÀ¯ÁzÀ ¥ÀæPÁ±ÀvÉAiÀÄ gÉÃSÁ £ÀPÉëAiÀÄ£ÀÄß ¯ÉÊmï PÀªïðUÀ¼É£ÀÄßªÀgÀÄ (avÀæ 

5). EªÀÅ ¸ÁÖAqÀqïð PÁåAqÀ¯ï£ÀAvÉ ªÀwð¹ RUÉÆÃ¼ÀPÁAiÀÄUÀ¼À zÀÆgÀªÀ£ÀÄß PÀAqÀÄ»rAiÀÄ®Ä ¸ÀºÁAiÀÄªÁVzÉ. 
EzÀjAzÀ £ÉÆÃªÁ, À̧Æ¥À£ÉÆÃðªÁ, ªÉÃjAiÀÄ§¯ï £ÀPÀëvÀæ ªÀÄÄAvÁzÀªÀÅUÀ¼À£ÀÄß CzsÀåAiÀÄ£À ªÀiÁqÀÄªÁUÀ 
¥ÀæPÁ±ÀvÉAiÀÄ¯ÁèzÀ §zÀ¯ÁªÀuÉAiÀÄ£ÀÄß CzsÀåAiÀÄ£À ªÀiÁqÀ§ºÀÄzÀÄ. RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ¸ÀÆ¥À£ÉÆÃðªÁUÀ¼À£ÀÄß 

«AUÀqÀuÉ ªÀiÁqÀÄªÁUÀ CªÀÅUÀ¼À ‘¯ÉÊmï PÀªïð’UÀ¼À »ÃjPÉÆ¼ÀÄîªÀ UÉgÉUÀ¼À°è (𝑎𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒𝑠) d®d£ÀPÀzÀ 
¨Á®ägï UÉgÉUÀ¼À À̧gÀtÂ EzÀÝ°è mÉÊ¥ï2 ¸ÀÆ¥À£ÉÆÃðªÁ DVgÀÄvÀÛªÉ, E®è¢zÀÝ°è mÉÊ¥ï1 DVgÀÄvÀÛªÉ JAzÀÄ 
¤zsÀðj À̧ÄvÁÛgÉ. 

   

 

 

 

 

 

 

 

2....mÉÊ¥ï2 ¸ÀÆ¥À£ÉÆÃðªÀ 

F §UÉAiÀÄ ¸ÀÆ¥À£ÉÆÃðªÁUÀ¼ÀÄ À̧ÄgÀÄ½AiÀiÁPÁgÀzÀ UÁå¯ÁQìUÀ¼À ¨ÁºÀÄUÀ¼À°è PÀAqÀÄ§gÀÄvÀÛªÉ. £ÀªÀÄä 

¸ÀÆAiÀÄð¤VAvÀ PÀ¤µÀ× 8 ¥ÀlÄÖ CxÀªÁ CzÀQÌAvÀ zÉÆqÀØ zÉÊvÀå£ÀPÀëvÀæUÀ¼ÀÄ vÀªÀÄä CAwªÀÄ WÀlÖzÀ°è ²ÃWÀæªÁV 

PÀÄ¹AiÀÄÄªÀÅzÀjAzÀ mÉÊ¥ï2 À̧Æ¥À£ÉÆÃðªÀUÀ¼ÀÄ À̧A¨sÀ«¸ÀÄvÀÛªÉ. EªÀÅUÀ¼À ªÀtð¥Àl®zÀ°è d®d£ÀPÀzÀ UÉgÉUÀ¼ÀÄ 
PÁtÄªÀÅzÀjAzÀ mÉÊ¥ï2 ̧ ÀÆ¥À£ÉÆÃðªÀªÀ£ÀÄß ̈ ÉÃgÉAiÀÄzÀjAzÀ ¥ÀævÉåÃQ¸À§ºÀÄzÀÄ. EªÀÅ ̧ ÀÆ¥À£ÉÆÃðªÁ DV ¹rzÀÄ 
ªÀÄzsÀåzÀ¨sÁUÀªÀÅ £ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ PÀ¥ÀÄàPÀÄ½AiÀiÁV ºÉÆgÀºÉÆªÀÄÄävÀÛªÉ.  

mÉÊ¥ï2 ¸ÀÆ¥À£ÉÆÃðªÀUÀ¼ÀÄ ¸ÀA s̈À«¸ÀÄªÀ ªÀÄÄAa£À vÀ£ÀPÀ F zÉÊvÀå£ÀPÀëvÀæUÀ¼ÀÄ vÀªÀÄä°èAiÀÄ ±ÁR ªÀÄvÀÄÛ MvÀÛqÀ¢AzÀ 
¥ÀgÀªÀiÁtÄ ¸À«Ää¼À£À QæAiÉÄ £ÀqÉAiÀÄÄwÛgÀÄvÀÛzÉ. DUÀ vÀ£Àß°èAiÀÄ d®d£ÀPÀªÀÅ »Ã°AiÀÄA £ÀAvÀgÀzÀ ¦ÃjAiÀiÁrPï  

      avÀæ 5  É̄Êmï PÀªïìð 
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mÉÃ§¯ï£À°è£À EvÀgÀ ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼À ¥ÀgÀªÀiÁtÄ ¸À«Ää¼À£ÀªÁV PÀ©ât, ¤PÀÌ¯ï vÀ£ÀPÀ ªÀÄÄAzÀÄªÀgÉAiÀÄÄvÀÛzÉ. £ÀAvÀgÀ 
ªÀÄÄAzÉ PÀ©ât ªÀÄvÀÄÛ ¤PÀÌ¯ïVAvÀ ªÀÄÄA¢£À ¨sÁgÀªÁzÀ ªÀÄÆ®ªÀ À̧ÄÛUÀ¼ÀÄ GvÀàwÛAiÀiÁUÀ®Ä ºÉZÀÄÑ ±ÀQÛ, GµÀÚvÉ 
¨ÉÃQgÀÄªÀÅzÀjAzÀ vÀ£Àß À̧«Ää¼À£À ±ÀQÛAiÀÄ£ÀÄß PÀ¼ÉzÀÄPÉÆAqÀÄ, F zÉÊvÀå £ÀPÀëvÀæªÀÅ vÀ£Àß PÉÃAzÀæzÀ°è PÀ©âtzÀ 
PÉÃAzÀæ¨sÁUÀªÀ£ÀÄß ¤«Äð¸ÀÄvÀÛzÉ. PÀ©âtªÀÅ §ÈºÀvï ¥ÀæªÀiÁtzÀ°èzÁÝUÀ CAvÀjPÀ À̧«Ää¼À£À QæAiÉÄUÀ¼À ¨ÁºÀå¸ÉÆáÃlPÀ 
MvÀÛqÀzÀ ªÀÄÆ®PÀ vÀ£Àß£ÀÄß vÁ£ÉÃ É̈A§°¸ÀÄªÀ ¸ÁªÀÄxÀåðªÁzÀ, vÀ£ÀßzÉÃ DzÀ UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄ ¥ÀæZÀAqÀ 
Kj½vÀªÀ£ÀÄß JzÀÄj¸À®Ä «¥sÀ®UÉÆ¼ÀÄîvÀÛzÉ. EzÀjAzÁV zÉÊvÀå£ÀPÀëvÀæªÀÅ PÀÄ¹vÀUÉÆ¼ÀÄîvÀÛzÉ. F zÉÊvÀåªÀÅ ¸ÀÆAiÀÄð£À 
zÀæªÀågÁ²AiÀÄ 3QÌAvÀ PÀrªÉÄ EzÀÝ°è PÉÃAzÀæzÀ PÀÄ¹vÀªÀÅ ªÀÄÄAzÀÄªÀgÉzÀÄ PÀ©âtzÀ £ÀÆåQèAiÀÄ¸ïUÀ¼ÀÄ ªÀÄvÀÄÛ 
¸ÀévÀAvÀæªÁVzÀÝ J®PÁÖç£ïUÀ¼ÀÄ ¥ÀÄr¥ÀÄrAiÀiÁV £ÀÆåmÁæ£ïUÀ¼ÁV gÀÆ¥ÀÄUÉÆAqÀÄ UÀqÀÄ¸ÁzÀ ªÀÄÄzÉÝAiÀÄAvÁV 
ªÀÄzsÀå¨sÁUÀzÀ°è PÉÃA¢æÃPÀÈUÉÆAqÀÄ VgÀQ ºÉÆqÉAiÀÄ®Ä ¥ÁægÀA©ü À̧ÄvÀÛzÉ. £ÀPÀëvÀæUÀ¼À ºÉÆgÀ ¥ÀzÀgÀUÀ¼À°ègÀÄªÀ zÀæªÀåªÀÅ 
EzÀgÀ ªÉÄÃ¯É ©zÁÝUÀ ¸ÀÆ¥À£ÉÆÃðªÁ ¸ÀA¨sÀ« À̧ÄvÀÛzÉ. vÀPÀët ºÉÆgÀ¥ÀzÀgÀªÀÅ UÀqÀÄ¸ÀÄ ªÉÄÃ¯ÉäAiÀÄ£ÀÄß ºÉÆA¢ 

C¤®ªÀÅ ±ÉÃRgÀuÉAiÀiÁUÀÄvÀÛzÉ. £ÀAvÀgÀ CUÁzsÀ MvÀÛqÀPÉÆÌ¼ÀUÁV £ÀÆåmÁæ£ïUÀ½AzÀ vÀÄA©zÀ PÉÃªÀ® 20 Q.«ÄÃ.£ÀµÀÄÖ 
ªÁå¸À¢AzÀ PÀÆrzÀ £ÀÆåmÁæ£ï £ÀPÀëv ÀæªÁUÀÄvÀÛzÉ. CUÁzsÀ zÀæªÀågÁ²AiÀÄÄ¼Àî EzÀgÀ MAzÀÄ nÃ ZÀªÀÄZÀ zÀæªÀågÁ²AiÀÄÄ 

¨sÀÆ«ÄAiÀÄ ªÉÄÃ¯É 50 ±ÀvÀPÉÆÃn l£ïUÀ¼ÀµÀÄÖ vÀÆUÀÄvÀÛzÉ. zÉÊvÀå £ÀPÀëvÀæªÀÅ ¸ÀÆAiÀÄð£À 3 zÀæªÀågÁ²VAvÀ ºÉZÁÑVzÀÝ°è 
EzÀgÀ PÀÄ¹vÀ¢AzÀ ºÉZÀÄÑ MvÀÛqÀPÉÆÌ¼ÀUÁV ªÀÄvÀÛµÀÄÖ ¸ÁAzÀævÉ¬ÄAzÀ PÀÆrzÀ PÁAiÀÄªÁzÀ PÀ¥ÀÄà 

PÀÄ½(𝐵𝑙𝑎𝑐𝑘 ℎ𝑜𝑙𝑒)K¥ÀðqÀÄvÀÛzÉ.  EzÀgÀ UÀÄgÀÄvÁéPÀµÀðt ±ÀQÛAiÀÄÄ ªÀÄvÀÛµÀÄÖ ºÉZÁÑV EzÀÄÝ É̈¼ÀPÀÆ PÀÆqÀ F 
PÁAiÀÄ¢AzÀ vÀ¦à¹PÉÆ¼Àî¯ÁUÀÄªÀÅ¢®è. 

¸ÀÆ¥À£ÉÆÃðªÁ «ÃPÀëuÉAiÀÄ EwºÁ¸À 

£ÀªÀÄä QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°ègÀÄªÀ ¸ÀÄªÀiÁgÀÄ 200 ±ÀvÀPÉÆÃn £ÀPÀëvÀæUÀ½zÀÄÝ, MAzÀÄ ±ÀvÀªÀiÁ£ÀzÀ°è (F »AzÉ 

WÀn¹zÀ À̧Æ¥À£ÉÆÃðªÀ «zÀåªÀiÁ£ÀzÀ DzsÁgÀzÀ ªÉÄÃ¯É) 2-3 À̧Æ¥À£ÉÆÃðªÀ Ȩ́ÆáÃlªÀÅ PÁtÂ¹PÉÆ¼Àî§ºÀÄzÀÄ, 
£ÀªÀÄä «ÃPÀëuÉ¬ÄAzÀ PÉ®ªÀÅ ¸ÉÆáÃlUÀ¼ÀÄ ªÀÄgÉAiÀiÁVgÀ®Æ §ºÀÄzÀÄ JAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ºÉÃ¼ÀÄvÁÛgÉ.  

QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è ¸ÀA¨sÀ«¹ zÁR¯ÁVgÀÄªÀ PÉ®ªÀÅ ZÀjvÁæºÀð À̧Æ¥À£ÉÆÃðªÁUÀ¼ÉAzÀgÉ, 𝑆𝑁185, 

𝑆𝑁1006, 𝑆𝑁1054, 𝑆𝑁1572, 𝑆𝑁1947𝐴, 𝑆𝑁2017𝐽𝑍𝑃. 

¸ÉAmÁgÀ¸ï £ÀPÀëvÀæ¥ÀÄAdzÀ°è aÃ¤ÃAiÀÄgÀÄ Qæ.±À. 185£À°è §ºÀÄ ¥ÀæPÁ±ÀªÀiÁ£ÀªÁV DUÀ¸ÀzÀ°è 1-2 ªÀµÀðUÀ¼ÀÄ 

¸ÀvÀvÀªÁV PÀAqÀÄ §AzÀ ºÉÆ À̧ £ÀPÀëvÀæ JAzÀÄ «ªÀgÀªÁV zÁR°¹zÁÝgÉ. F 𝑆𝑁185 ªÉÆlÖªÉÆzÀ®Ä zÁR¯ÁzÀ 

CvÀåAvÀ ¥ÀÄgÁvÀ£ÀªÁzÀ mÉÊ¥ï1 À̧Æ¥À£ÉÆÃðªÁ DVzÉ. EzÀÄ Ȩ́ÆáÃlªÁzÀ 8 wAUÀ¼À vÀ£ÀPÀ ZÀ°¸ÀzÉ MAzÉÃ 
¸ÀÜ¼ÀzÀ°è ¥ÀæPÁ²¸ÀÄwÛzÀÄÝ £ÀAvÀgÀ PÀ¼ÉUÀÄA¢vÀÄ JAzÀÄ aÃ£ÁzÀ ºÁå£ï gÁdªÀA±ÀzÀ PÁ®zÀ UÀæAxÀUÀ¼À°è 

°TvÀªÁVzÉ. £ÀAvÀgÀ 393 𝐴𝐷AiÀÄ°è aÃ£ÁzÉÃ±ÀzÀ°è RUÉÆÃ¼À«eÁÕ¤UÀÀ¼ÀÄ Cwy £ÀPÀëvÀæ JAzÀÄ zÁR°¹gÀÄªÀ 
ªÀÄvÉÆÛAzÀÄ À̧Æ¥À£ÉÆÃðªÁ À̧A¨sÀ«¹zÉ. 

Qæ.±À.1006gÀ°è £ÀPÀëvÀæUÀ¼À EwºÁ¸ÀzÀ¯ÉèÃ Cw ¥ÀæPÁ±ÀªÀiÁ£ÀªÁzÀ ̧ ÀÆ¥À£ÉÆÃðªÀ ̧ ÉÆáÃl zÁR¯ÁVzÀÄÝ, CzÀÄ a£ÀßzÀ 

vÀmÉÖAiÀÄAvÉ gÁwæAiÀÄ DPÁ±ÀzÀ°è 3 ªÀµÀðUÀ¼À PÁ® PÁtÄwÛvÀÄÛ JAzÀÄ ªÀÄvÉÆÛAzÀÄ zÁR¯É ºÉÃ¼ÀÄvÀÛzÉ. EzÉÃ  
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𝑆𝑁1006 À̧Æ¥À£ÉÆÃðªÁ. EzÀÄ ®Æ¥À¸ï (𝐿𝑢𝑝𝑢𝑠) £ÀPÀëvÀæ¥ÀÄAdzÀ°è ¨sÀÆ«ÄUÉ 7100 eÉÆåÃwªÀðµÀð 

zÀÆgÀzÀ°èzÀÄÝ, CzÀgÀ CªÀ±ÉÃµÀªÀ£ÀÄß PÀAqÀÄ»r¢zÁÝgÉ. EzÁzÀ 48 ªÀµÀðUÀ¼À £ÀAvÀgÀ 1054 𝐴𝐷AiÀÄ°è QëÃgÀ¥ÀxÀ 

UÁå¯ÁQìAiÀÄ mÁgÀ¸ï (𝑇𝑎𝑢𝑟𝑢𝑠) £ÀPÀëvÀæ¥ÀÄAdzÀ°è ¸ÀA¨sÀ«¹zÀÝ 𝑆𝑁1054 À̧Æ¥À£ÉÆÃðªÁC£ÀÄß £ÀÆå ªÉÄQìPÉÆÃzÀ 

¸ÀÜ½ÃAiÀÄgÀÄ «ÃQë¹ zÁR®Ä ªÀiÁrzÀÝgÀÄ. EzÀÄ ±ÀÄPÀæ £ÀPÀëvÀæzÀAvÉ ¥ÀæPÁ²¸ÀÄwÛzÀÄÝ, 23 ¢£ÀUÀ¼ÀÄ ºÀUÀ®Ä-gÁwæAiÀÄ®Æè 

PÁtÄwÛvÀÄÛ, C®èzÉ 653 ¢£ÀUÀ¼ÀÄ gÁwæAiÀÄ®Æè ¥ÀæPÁ² À̧ÄwÛvÀÄÛ 

JAzÀÄ zÁR¯ÁVzÉ. 1731gÀ°è ¥sÉæAZï 
RUÉÆÃ¼À«eÁÕ¤AiÀiÁzÀ eÁ£ï É̈«¸ï F À̧Æ¥À£ÉÆÃðªÀ 
¸ÉÆáÃl¢AzÁzÀ EzÀgÀ CªÀ±ÉÃµÀªÁzÀ ‘PÁæ¨ï £É§Ä®’ªÀ£ÀÄß 
PÀAqÀÄ»rzÀgÀÄ. F £É§Ä®zÀ°è ¸ÀÆ¥À£ÉÆÃðªÀ Ȩ́ÆáÃlzÀ 
£ÀAvÀgÀ ªÀÄzsÀå¨sÁUÀªÀÅ £ÀÆåmÁæ£ï £ÀPÀëvÀæªÁVgÀÄªÀÅzÀÄ 

PÀAqÀÄ§A¢zÉ. 2021gÀ ¸ÀA±ÉÆÃzsÀ£ÉAiÀÄ ¥ÀæPÁgÀ EzÀÄ 
‘J®PÁÖç£ï PÁå¥ÀÑgï À̧Æ¥À£ÉÆÃðªÁ JAzÀÄ zÀÈqsÀ¥Àr¹zÁÝgÉ. 

EzÀgÀ CªÀ±ÉÃµÀªÁzÀ ‘PÁæ¨ï £É§Ä®’ (avÀæ 6) « À̧Ûj¸ÀÄwÛzÀÄÝ 

¸ÉÆáÃn¹zÀ 1000 ªÀµÀðUÀ¼À°è 11 eÉÆåÃwªÀðµÀð 
CUÀ®ªÁV « À̧Ûj¹zÉ JAzÀÄ w½zÀÄ§A¢zÉ. 

ªÀÄvÉÆÛAzÀÄ 𝑆𝑁1181 À̧Æ¥À£ÉÆÃðªÁ 1181 𝐴𝐷AiÀÄ°è PÁå¹AiÉÆÃ¦AiÀiÁ (𝐶𝑎𝑠𝑠𝑖𝑜𝑝𝑒𝑖𝑎) £ÀPÀëvÀæ¥ÀÄAdzÀ°è 
¸ÀA¨sÀ«¹vÉAzÀÄ aÃ£Á, d¥Á£ï RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ zÁR°¹zÁÝgÉ. EzÀgÀ CªÀ±ÉÃµÀªÉÃ DVgÀ§ºÀÄzÉAzÀÄ 

𝑃𝑎30 JA§ £É§Ä¯ÁªÀ£ÀÄß 2021gÀ°è PÀAqÀÄ»rAiÀÄ¯ÁVzÉ. ªÀÄÄAzÉ 1572gÀ°è C£ÉÃPÀ «eÁÕ¤UÀ¼ÀÄ «ÃQë¹ 
zÁR®Ä ªÀiÁrgÀÄªÀ RUÉÆÃ¼À«eÁÕ¤AiÀÄ ºÉ¸ÀgÉÃ EnÖgÀÄªÀ mÉÊPÉÆ¨ÁæºÉ À̧Æ¥À£ÉÆÃðªÁ PÁtÂ¹PÉÆArvÀÄ. EzÀÄ 
PÁå¹AiÉÆÃ¦AiÀiÁ £ÀPÀëvÀæ¥ÀÄAdzÀ°ègÀÄªÀÅzÀjAzÀ © PÁå¹AiÉÆÃ¦AiÀiÁ ¸ÀÆ¥À£ÉÆðªÁ JAzÀÆ PÀgÉAiÀÄÄªÀgÀÄ. EzÀÄ 

±ÀÄPÀæUÀæºÀzÀAvÉ ºÉÆ¼ÉAiÀÄÄwÛzÀÄÝ PÀæªÉÄÃt ªÀÄÄ¸ÀÄPÁ¬ÄvÀÄ. ¨ÁæºÉ 1573gÀ°è EzÀgÀ §UÉÎ ‘r £ÉÆÃªÁ’ JA§ 

¥ÀÄ À̧ÛPÀªÀ£ÀÄß §gÉzÀÄ ¥ÀæPÀn¹zÀgÀÄ. 1960gÀ°è EzÀgÀ CªÀ±ÉÃµÀªÀ£ÀÄß PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ.  

1604gÀ°è QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è ¸ÀA¨sÀ«¹zÀ PÀqÉAiÀÄ À̧Æ¥À£ÉÆÃðªÁ JAzÀgÉ mÉÊ¥ï1J  𝑆𝑁1604. EzÀ£ÀÄß 

C£ÉÃPÀ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ «ÃQë¹zÀÝgÁzÀgÀÆ eÉÆºÁ£ïì PÉ¥Àègï (𝐽𝑜ℎ𝑎𝑛𝑛𝑒𝑠 𝐾𝑒𝑝𝑙𝑒𝑟) EzÀ£ÀÄß ªÀåªÀ¹ÜvÀªÁV 
CzsÀåAiÀÄ£À ªÀiÁr ¥ÀÄ¸ÀÛPÀgÀÆ¥ÀzÀ°è ¥ÀæPÀn¹zÀgÀÄ. EzÀ£ÀÄß PÉ¥Àègï À̧Æ¥À£ÉÆÃðªÁ JAzÀÆ PÀgÉAiÀÄÄªÀgÀÄ. EzÀÄ 

¸ÉÆáÃlªÁzÀ MAzÀÄ ªÀµÀðUÀ¼À PÁ® §jUÀtÂÚUÉÃ PÁtÄwÛvÀÄÛ JA§ °TvÀ«zÉ. EzÀgÀ CªÀ±ÉÃµÀªÀ£ÀÄß 1941gÀ°è 
PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ. ZÀAzÀæ JPïìgÉÃ «ÃPÀëuÁ®AiÀÄzÀ°è EzÀgÀ §ºÀÄvÀgÀAUÁAvÀgÀ avÀætªÀ£ÀÄß vÉUÉAiÀÄ¯ÁVzÉ 

(avÀæ 7).  PÉ¥ÀègÀ£ÀÄ Qæ.¥ÀÆ. £Á®Ì£ÉÃ ±ÀvÀªÀiÁ£ÀzÀ ±ÉæÃµÀ× vÀvÀéeÁÕ¤AiÀiÁzÀ Cj¸ÁÖl¯ï£À ‘§zÀ¯ÁUÀzÀ ¸ÀéUÀð’ ªÀÄvÀÄÛ 
‘¨sÀÆ PÉÃAzÀæ ¹zÁÞAvÀ’ C©ü¥ÁæAiÀÄUÀ¼À£ÀÄß «gÉÆÃ¢ü¹zÀÝ£ÀÄ. ªÉÄÃ°£À zÁR¯ÉUÀ¼ÉÃ DUÀ É̈Ê§¯ï£À°è zÁR¯ÁVzÀÄÝ, 
F AiÀiÁªÀ ¹zÁÞAvÀUÀ½UÀÆ ¥ÀæwAiÀiÁV ªÀÄÄPÀÛ WÉÆÃµÀuÉ ªÀiÁqÀÄªÀAwgÀ°®è. £ÀAvÀgÀ £ÀªÀÄä QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è  

avÀæ 6   PÁæ¨ï £É§Ä® 
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AiÀiÁªÀ À̧Æ¥À£ÉÆÃðªÁ Ȩ́ÆáÃlªÀÇ WÀn¹®è. ªÀÄÄA¢£À À̧gÀ¢ ©Ãl¯ïVÃ¸ï, jUÀ¯ï, Ȩ́àöÊPÀ CxÀªÁ Fl 
PÀåj£ïUÀ¼ÀzÁVzÉ. 

  

 

  

 

 

        

 

 

 

  

¸ÀÆ¥À£ÉÆÃðªÁ À̧A s̈À«¸ÀÄªÀÅzÀ£ÀÄß PÀAqÀÄ»rAiÀÄÄ«PÉ 

1604gÀ £ÀAvÀgÀ QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è AiÀiÁªÀ ¸ÀÆ¥À£ÉÆÃðªÁªÀÇ PÁtÂ¹PÉÆ¼Àî¢zÀÝgÀÆ 1668-70gÀ°è £ÀªÀÄä 
¸ÀÆAiÀÄðªÀÄAqÀ®¢AzÀ DZÉ PÁå¹AiÉÆÃ¦AiÀiÁ £ÀPÀëvÀæ¥ÀÄAdzÀ°è PÀrªÉÄ ¥ÀæPÁ±ÀªÀiÁ£ÀzÀ À̧Æ¥À£ÉÆÃðªÁ 
¸ÉÆáÃlUÉÆAqÀ £ÀAvÀgÀ CzÀgÀ CªÀ±ÉÃµÀªÁV ‘PÁå¹AiÉÆÃ¦AiÀiÁ J’ PÀ¥ÀÄà PÀÄ½ gÀÆ¥ÀÄUÉÆAqÀÄ CzÀgÀ gÉÃrAiÉÆÃ 
ªÀÄÆ®«gÀÄªÀÅzÀÄ PÀAqÀÄ§A¢zÉ. 

1931gÀ°è ªÁ®Ögï ¨ÁqÉ ªÀÄvÀÄÛ EvÀgÀ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ªÀiËAmï «®ì£ï «ÃPÀëuÁ®AiÀÄzÀ°è ªÀåªÀ¹ÜvÀªÁV 
CzsÀåAiÀÄ£À ªÀiÁr £ÀPÀëvÀæUÀ¼ÀÄ UÀÄgÀÄvÁéPÀóðuÉ¬ÄAzÀ PÀÄ¹zÀÄ ¸ÀÆ¥À£ÉÆÃðªÁ DV ±ÀQÛAiÀÄ£ÀÄß ©qÀÄUÀqÉ 
ªÀiÁqÀÄvÀÛªÉAiÉÄAzÀÄ ªÀÄvÀÄÛ PÉÃAzÀæzÀ°è £ÀÆåmÁæ£ï £ÀPÀëvÀæUÀ¼ÁUÀÄvÀÛªÉAiÉÄAzÀÄ ¥Àæw¥Á¢¹zÀgÀÄ.  

FZÉUÉ ¸ÀÆ¥À£ÉÆÃðªÁ À̧A¨sÀ« À̧ÄªÀÅzÀ£ÀÄß PÀAqÀÄ»rAiÀÄ®Ä PÀA¥ÀÆålgï ¤AiÀÄAwævÀ zÀÆgÀzÀ±ÀðPÀUÀ¼À£ÀÄß 
G¥ÀAiÉÆÃV¸ÀÄªÀgÀÄ. À̧Æ¥À£ÉÆÃðªÁ À̧A¨sÀ« À̧ÄªÀ ªÉÆzÀ®Ä JZÀÑj À̧ÄªÀAvÉ £ÀÆånæ£ÉÆÃUÀ¼ÀÄ GvÀàwÛAiÀiÁUÀÄvÀÛªÉ. 
DzÀÝjAzÀ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ £ÀÆånæ£ÉÆÃ ¥ÀvÉÛPÁgÀPÀUÀ¼À£ÀÄß G¥ÀAiÉÆÃV¸ÀÄvÁÛgÉ. ̧ ÀÆ¥À£ÉÆÃðªÁ ̧ ÀA¨sÀ«¸ÀÄªÁUÀ 
£ÀPÀëvÀæUÀ¼À GµÁÚA±ÀªÀÅ ºÉZÁÑUÀÄªÀÅzÀjAzÀ PÉA¥ÀÄ §tÚ¢AzÀ ¤Ã° §tÚPÉÌ §zÀ¯Á¬Ä¹ £ÀªÀÄä PÀtÂÚUÉ PÁtÄvÀÛªÉ 
JAzÀÄ ªÀgÀ¢ ºÉÃ¼ÀÄvÀÛzÉ.  

¨ÉÃgÉ É̈ÃgÉ UÁå¯ÁQìUÀ¼À°è ¸ÀA¨sÀ« À̧ÄªÀ ¸ÀÆ¥À£ÉÆÃðªÁUÀ¼À£ÀÄß RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ªÀÄvÀÄÛ ºÀªÁå¹ 
RUÉÆÃ¼À«ÃPÀëPÀgÀÄ À̧A±ÉÆÃ¢ü¹ C£ÉÃPÀ ¸ÀÆ¥À£ÉÆÃðªÁUÀ¼À CzsÀåAiÀÄ£À ªÀiÁrzÁÝgÉ. CªÀÅUÀ¼À°è PÉ®ªÀÅ PÉ¼ÀV£ÀAwªÉ.  

 

avÀæ 7   ZÀAzÀæ JPïìgÉÃ «ÃPÀëuÁ®AiÀÄzÀ PÉ¥Àègï 
 ¸ÀÆ¥À£ÉÆÃðªÁzÀ CªÀ±ÉÃµÀ 
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EvÀgÀ UÁå¯ÁQìUÀ¼À°è À̧A s̈À«¹zÀ À̧Æ¥À£ÉÆÃðªÁ 

  𝑺𝑵𝟏𝟗𝟖𝟕𝑨 

EzÀÄ QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ À̧«ÄÃ¥ÀzÀ MAzÀÄ PÀÄ§Ó ¸Áål¯ÉÊmï UÁå¯ÁQìAiÀi ‘zÉÆqÀØ ªÀiÁéUÀß°Pï PËèqï’£À°è 

1987gÀ°è WÀn¹zÀ mÉÊ¥ï2 ̧ ÀÆ¥À£ÉÆÃðªÀ. ̈ sÀÆ«ÄUÉ 1,68,000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è DzÀ F WÀl£ÉAiÀÄ£ÀÄß 
EwÛÃa£À RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ «ÃQë¹ CzsÀåAiÀÄ£À ªÀiÁrzÀ ªÉÆzÀ® À̧Æ¥À£ÉÆÃðªÀ. ¸ÀÆ¥À£ÉÆÃðªÁzÀ É̈¼ÀPÀÄ 
MAzÀÄ UÀAmÉAiÀÄ PÁ®zÉÆ¼ÀUÉÃ s̈ÀÆ«ÄUÉ vÀ®Ä¦vÀÄ. EzÀjAzÀ £ÀÆånæ£ÉÆÃ ºÉÆgÀ¸ÀÆ¸ÀÄ«PÉAiÀÄ£ÀÄß ªÉÆzÀ®Ä 
¥ÀvÉÛªÀiÁrzÁÝgÉ C®èzÉ «zÀÄåvï-PÁAvÀ ªÀtð¥Àl®ªÀ£ÀÆß «ÃQȩ̈ À¯ÁVzÉ. EzÀjAzÀ ºÉÆgÀ¸ÀÆ À̧®àlÖ UÁªÀÄ ªÀÄvÀÄÛ 

EvÀgÀ gÉÃrAiÉÆ DQÖÃªï QgÀtUÀ¼À£ÀÄß CzsÀåAiÀÄ£À ªÀiÁrzÁÝgÉ. 2019gÀ°è EzÀgÀ CªÀ±ÉÃµÀzÀ°è EzÀÝ £ÀÆåmÁæ£ï 

£ÀPÀëvÀæªÀÅ PÀÄ¹¢gÀÄªÀÅzÀ£ÀÄß zÀÆgÀzÀ±ÀðPÀ¢AzÀ «ÃQȩ̈ À¯ÁVzÉ (avÀæ 8). 2024gÀ°è EzÀgÀ°è £ÀqÉAiÀÄÄwÛgÀÄªÀ C£ÉÃPÀ 
¤UÀÆqsÀ ¥ÀæQæAiÉÄUÀ¼À£ÀÄß eÉÃªÀiïì ªÉ¨ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀªÀÅ UÀÄgÀÄw¹zÉ. 

F À̧Æ¥À£ÉÆÃðªÁ WÀl£ÉAiÀÄ£ÀÄß zÁR°¹zÀ 4 ¢£ÀUÀ¼À £ÀAvÀgÀ EzÀgÀ ªÀÄÆ® £ÀPÀëvÀæªÀÅ À̧AqÀÄ¯ÉÃPï-69202 

(𝑆𝑎𝑛𝑑𝑢𝑙𝑒𝑎𝑘 − 69202) JA§ ¤Ã°zÉÊvÀå JAzÀÄ w½zÀÄ§AvÀÄ. F £ÀPÀëvÀæzÀ ¤Ã° §tÚªÀÅ CzÀgÉÆ¼ÀV£À 
gÁ¸ÁAiÀÄ¤PÀ ¸ÀAAiÉÆÃd£É¬ÄAzÀ JAzÀÄ ªÀÄvÀÄÛ £ÀÆånæ£ÉÆ ¹rvÀªÀÇ ¨É¼ÀQ£ÉÆqÀ£É EgÀÄªÀÅzÀÄ «ÃPÀëuÉ¬ÄAzÀ 
w½zÀÄ§A¢zÉ. £ÀÆåQèAiÀÄgï ¸À«Ää¼À£À¢AzÀ ±ÀQÛAiÀÄ£ÀÄß GvÁà¢ À̧¯ÁUÀzÉ £ÀPÀëvÀæªÀÅ PÀÄ¹vÀªÀ£ÀÄß PÀArzÉ. F PÀÄ¹vÀzÀ 

ªÉÃUÀªÀÅ UÀAmÉUÉ 7,50,000 Q.«ÄÃ. EzÀÄÝ, GµÁÚA±ÀªÀÅ ºÉZÀÄÑvÁÛ 100 ±ÀvÀPÉÆÃn rVæAiÀÄ ªÀgÉUÀÆ vÀ®Ä¦gÀÄªÀ 
ªÀiÁ»w zÉÆgÀQzÉ. EzÀjAzÁV J®PÁÖç£ïUÀ¼ÀÄ ¥ÉÆæÃmÁ£ï£ÉÆqÀ£É §rzÀÄ £ÀÆåmÁæ£ïUÀ¼À Ȩ́ÆáÃlPÉÌ PÁgÀtªÁVzÉ. 
F £ÀÆåmÁæ£ïUÀ¼ÀÄ §®ªÀAvÀªÁV MmÁÖzÀ PÁgÀt s̈ÁgÀªÁzÀ É̄ÆÃºÀUÀ¼ÁzÀ PÀ©ât, ¤PÀÌ¯ï, a£Àß, AiÀÄÄgÁ¤AiÀÄA 
ªÀÄÄAvÁzÀ ªÀÄÆ®ªÀ¸ÀÄÛUÀ¼ÀÄ gÀÆ¦ªÁVªÉ JAzÀÄ w½zÀÄ§A¢zÉ.  

ºÀ§¯ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀ¢AzÀ «ÃQȩ̈ À¯ÁV 
F £ÀÆåmÁæ£ï £ÀPÀëvÀæzÀ À̧ÄvÀÛ GAUÀÄgÁPÁgÀªÁV 
C¤®¢AzÀ zÀ»¸ÀÄwÛgÀÄªÀ MAzÀÄ É̈¼ÀQ£À 
GAUÀÄgÀªÀ£ÀÄß «ÃQë¹zÁÝgÉ. F GAUÀÄgÁPÁgÀªÀÅ 

PÀqÉAiÀÄ ¥ÀPÀë 20,000 ªÀµÀðUÀ½AzÀ®Æ zÀ»¸ÀÄwÛzÀÄÝ 
D £ÀPÀëvÀæªÀÅ Ȩ́ÆáÃlªÁUÀÄªÀ ªÀÄÄAa¤AzÀ®Æ 
EzÉAiÉÄAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ 
C©ü¥ÁæAiÀÄ¥ÀqÀÄvÁÛgÉ. £ÀPÀëvÀæzÀ ¸ÉÆáÃl¢AzÀ GAmÁzÀ 
£ÉÃgÀ¼ÁwÃvÀ É̈¼ÀPÀÄ GAUÀÄgÀzÀ C¤®ªÀ£ÀÄß ªÀÄvÀÛµÀÄÖ 
±ÀQÛAiÀÄÄvÀªÁV ªÀiÁr ºÉaÑ£À 

¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄßAlÄªÀiÁrzÉ. EzÀ®èzÉ À̧ÄªÀiÁgÀÄ 19 ¸ÀÆAiÀÄðgÀµÀÄÖ GµÀÚvÉAiÀÄÄ¼Àî £ÀPÀëvÀæUÀ¼À zÀæªÀåUÀ¼ÀÄ ªÀÄvÀÄÛ 
gÉÃrAiÉÆÃ DQÖÃªï ªÀ¸ÀÄÛUÀ¼À£ÀÄß ºÉÆgÀZÁZÀÄwÛgÀÄªÀÅzÀ£ÀÄß ºÀ§¯ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀªÀÅ «ÃQë¹zÉ. eÉÃªÀiïì  

 

avÀæ 8 J¸ï J£ï 1987J À̧Æ¥À£ÉÆÃðªÁzÀ CªÀ±ÉÃµÀzÀ°è  
EgÀÄªÀ £ÀÆåmÁæ£ï £ÀPÀëvÀæ 
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ªÉ¨ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀ¢AzÀ F ¸ÀÆ¥À£ÉÆÃðªÁ MAzÀÄ £ÀÆåmÁæ£ï £ÀPÀëvÀæªÁV ªÀiÁ¥ÀðnÖgÀÄªÀÅzÀ£ÀÄß 
«ÃQȩ̈ À¯ÁVzÉ.                                       

 𝑺𝑵𝟐𝟎𝟏𝟏𝒅𝒉 

2011gÀ°è «gïè¥ÀÆ¯ï UÁå¯ÁQìAiÀÄ°è 𝑆𝑁2011𝑑ℎ JA§ 

¸ÀÆ¥À£ÉÆÃðªÀ PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ (avÀæ 9). ºÀ¼À¢ 
zÉÊvÀåªÀÅ À̧Æ¥À£ÉÆÃðªÀ ¹rzÀÄ, PÉÃAzÀæzÀ°è ¥ÀgÀªÀiÁtÄ 
¸À«Ää¼À£ÀzÀ°è PÉÆ£ÉUÉÆArvÀÄ. EzÀ£ÀÄß ºÀ§¯ï ¨ÁºÁåPÁ±À 
zÀÆgÀzÀ±ÀðPÀªÀÅ «ÃQë¹ avÀætªÀ£ÀÄß Ȩ́gÉ»r¢zÉ. F «gïè 

¥ÀÆ¯ï UÁå¯ÁQìAiÀÄ¯ÉèÃ »A¢£À 17 ªÀµÀðUÀ¼À°è EzÀÄ 
¹r¢gÀÄªÀ ªÀÄÆgÀ£ÉÃ ¸ÀÆ¥À£ÉÆÃðªÀ DVzÉ. EzÀÄ §ºÀÄ 
C¥ÀgÀÆ¥ÀzÀ WÀl£É. KPÉAzÀgÉ ¸ÁªÀiÁ£ÀåªÁV £ÀªÀÄä QëÃgÀ¥ÀxÀ 

UÁå¯ÁQìAiÀÄ°è 40 ªÀµÀðUÀ½UÉ MAzÀÄ À̧Æ¥À£ÉÆÃðªÀ 
PÁtÂ¹PÉÆ¼ÀÄîvÀÛzÉ.      

RUÉÆÃ¼À «eÁÕ¤UÀ¼ÀÄ EwÛÃZÉUÀµÉÖÉ «ÃQë¹zÀAvÉ ¨sÀÆ«ÄUÉ ¸ÀÄªÀiÁgÀÄ 3000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è 21 AiÀÄÄUÀ¼À 

£ÀPÀëvÀæUÀ¼À ªÀåªÀ Ȩ́ÜAiÀÄ°è  ¸ÀÆAiÀÄð£ÀAvÀºÀ 21 £ÀPÀëvÀæUÀ¼ÀÄ, ¸ÀÆ¥À£ÉÆÃðªÀ ¹rvÀ¢AzÀ DzÀ vÀªÀÄä ¥ÀPÀÌzÀ 21 
£ÀÆåmÁæ£ï £ÀPÀëvÀæUÀ¼À£ÀÄß À̧ÄvÀÄÛwÛgÀÄªÀÅzÀ£ÀÄß AiÀÄÆgÉÆÃ¦AiÀÄ£ï Ȩ́àÃ¸ï Kd¤ìAiÀÄ VAiÀÄ «ÄµÀ£ï 

((𝐸𝑢𝑟𝑜𝑝𝑒𝑎𝑛 𝑠𝑝𝑎𝑐𝑒 𝑎𝑔𝑟𝑛𝑐𝑦 𝐺𝑎𝑖𝑎 𝑚𝑖𝑠𝑠𝑖𝑜𝑛 ) «ÃQë¹zÉ. EzÀÄ ¸ÀÄvÀÄÛwÛgÀÄªÀ CªÀ¢üAiÀÄÄ 6 wAUÀ½AzÀ 3 
ªÀµÀðUÀ¼ÀªÀgÉUÀÆ ªÀåvÁå¸ÀªÁUÀÄwÛzÉ. EªÀÅUÀ¼À£ÀÄß C£ÉÃPÀ s̈ÀÆ«ÄAiÀÄ ªÉÄÃ°gÀÄªÀ zÀÆgÀzÀ±ÀðPÀUÀ¼ÁzÀ qÀ§Äèöå JªÀiï 
PÉPï «ÃPÀëuÁ®AiÀÄ, ºÀªÁAiÀiï£À JªÀiï ªÀiË£ÀQAiÀÄ, ªÀÄvÀÄÛ a°AiÀÄ ¯Á ¹¯Áè «ÃPÀëuÁ®AiÀÄªÀÇ zÀÈqsÀ¥Àr¹zÉ.  

G¯ïá gÀAiÀÄmï £ÀPÀëvÀæ  (𝑾𝒐𝒍𝒇 − 𝑹𝒂𝒚𝒆𝒕 𝑺𝒕𝒂𝒓𝒔 −   𝑾𝑹 𝒔𝒕𝒂𝒓𝒔)  

EªÀÅ PÉ®ªÀÅ zÉÊvÀå £ÀPÀëvÀæUÀ¼ÀÄ vÀªÀÄä CAwªÀÄ WÀlÖzÀ°è PÉ®PÁ® vÁ¼ÀÄªÀ ºÀAvÀªÁVzÉ.  ºÉÆgÀ d®d£ÀPÀzÀ 
¥ÀzÀgÀªÀ£ÀÄß ¥ÀÆwðAiÀiÁV PÀ¼ÉzÀÄPÉÆAqÀÄ, vÀªÀÄä PÉÃAzÀæzÀ°è 
»Ã°AiÀÄA CxÀªÁ s̈ÁgÀªÁzÀ ªÀ¸ÀÄÛUÀ¼À£ÉÆß¼ÀUÉÆArgÀÄvÀÛªÉ. 

EAvÀºÀ £ÀPÀëvÀæUÀ¼ÀÄ s̈ÀÆ«Ä¬ÄAzÀ ¸ÀÄªÀiÁgÀÄ 15000 
eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è ¸ÀVmÉÃjAiÀÄ¸ï £ÀPÀëvÀæ¥ÀÄAdzÀ°èªÉ. EªÀÅ 
¸ÀÆ¥À£ÉÆÃðªÁ DV ¹rAiÀÄÄªÀ ªÀÄÄAavÀªÁV F G¯ïá gÀAiÀÄmï 

ºÀAvÀªÀ£ÀÄß ¥ÀqÉ¢gÀÄvÀÛªÉ (avÀæ 10). 

EªÀÅUÀ¼À ªÉÄÃ¯ÉäöÊ GµÁÚA±ÀªÀÅ 20,000¢AzÀ 2,10,000 

PÉ°é£ïªÀgÉUÀÆ EzÀÄÝ DUÀ¸ÀzÀ°è Cw ¥ÀæPÁ±ÀªÀiÁ£ÀªÁV 
ºÉÆ¼ÉAiÀÄÄvÀÛªÉAiÀiÁzÀgÀÆ, £ÉÃgÀ¼ÁwÃvÀ QgÀtUÀ¼À£ÀÄß ºÉZÀÄÑ  

avÀæ 9    «gïè¥ÀÆ¯ï UÁå¯ÁQìAiÀÄ°è ¸ÀA s̈À«¹zÀ 

𝑺𝑵𝟐𝟎𝟏𝟏𝒅𝒉 À̧Æ¥À£ÉÆÃðªÀ 

avÀæ 10   À̧VmÉÃjAiÀÄ¸ï £ÀPÀëvÀæ¥ÀÄAdzÀ°è 
G¯ïá gÀAiÀÄmï £ÀPÀëvÀæUÀ¼ÀÄ 
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ºÉÆgÀºÁPÀÄvÀÛªÉ. EªÀÅUÀ¼À£ÀÄß ªÉÆzÀ®Ä UÀÄgÀÄw¹zÀªÀgÀÄ 1867gÀ°è ¥Áåj¸ï «ÃPÀëuÁ®AiÀÄzÀ°è£À ¥sÉÆÃPÁ¯ïÖ 

zÀÆgÀzÀ±ÀðPÀzÀ°è ZÁgïè÷ì G¯ïá ªÀÄvÀÄÛ eÁeïð gÁAiÀÄmï JA§ RUÉÆÃ¼À «eÁÕ¤UÀ¼ÀÄ. 30qÉÆgÀqÀÄ¸ï£À°ègÀÄªÀ 

𝑅136𝑎1 £ÀPÀëvÀæªÀÇ G¯ïá gÀAiÀÄmï £ÀPÀëvÀæªÉÃ. 

CvÀåAvÀ ¥ÀÄgÁvÀ£ÀªÁzÀ ¸ÀÆ¥À£ÉÆÃðªÁ JAzÀgÉ 11.5 ±ÀvÀPÉÆÃn ªÀµÀðUÀ¼À »AzÉ MAzÀÄ PÉA¥ÀÄ zÉÊvÀå £ÀPÀëvÀæªÀÅ 

¹rzÀÄ À̧Æ¥À£ÉÆÃðªÁ À̧A¨sÀ«¹zÀÄÝ CzÀ£ÀÄß ºÀ§¯ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀªÀÅ 2022gÀ°è UÀÄgÀÄw¹zÉ. EzÀÄ 

C É̈¯ï-370 JA§ UÁå¯ÁQìAiÀÄ »A¨sÁUÀzÀ°èzÀÄÝ CzÀÄ C£ÉÃPÀ PÁgÀtUÀ½UÉ ¥ÁæªÀÄÄRåvÉ ¥ÀqÉ¢zÉ. D ªÉÃ¼ÉAiÀÄ°è 
£ÀPÀëvÀæUÀ½AzÀ PÀÆrzÀ UÁå¯ÁQìUÀ¼ÀÄ MAzÀPÉÆÌAzÀÄ ºÀwÛgÀzÀ°èzÀÝ PÁgÀt «±ÀézÀ°è UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄÄ ºÉZÁÑVzÀÄÝ 
« À̧Ûj¸ÀÄ«PÉAiÀÄÄ ¤zsÁ£ÀUÀwAiÀÄ°èvÀÄÛ. £ÀAvÀgÀzÀ°è PÀ¥ÀÄà ±ÀQÛAiÀÄÄ ªÉÄÃ®ÄUÉÊAiÀiÁV «±ÀézÀ « À̧Ûj¸ÀÄ«PÉAiÀÄÄ 
ªÉÃUÉÆÃvÀÌµÀðªÀ£ÀÄß ¥ÀqÉAiÀÄÄwÛzÉ.  

«±ÀézÀ°è ̧ ÀA¨sÀ«¹zÀ CvÀåAvÀ zÉÆqÀØ ̧ ÀÆ¥À£ÉÆÃðªÁ JAzÀgÉ 2020gÀ°è PÀAqÀÄ»rzÀ 𝐴𝑇2021𝐿𝑊𝑋 JA§ÄzÀÄ. 

EzÀÄ À̧ÆAiÀÄð¤VAvÀ 2 × 1012¥ÀlÄÖ ¥ÀæPÁ±ÀªÀiÁ£À«zÀÄÝ, À̧ÆAiÀÄð¤AzÀ 10 ±ÀvÀPÉÆÃn ªÀµÀðUÀ¼À°è 
ºÉÆgÀ¸ÀÆ À̧ÄªÀ ±ÀQÛAiÀÄ£ÀÄß ©qÀÄUÀqÉ ªÀiÁrzÉ.  

«¥sÀ®ªÁzÀ ¸ÀÆ¥À£ÉÆÃðªÁ 

PÉ®ªÀÅ zÉÊvÀå £ÀPÀëvÀæUÀ¼ÀÄ vÀªÀÄä CAwªÀÄ WÀlÖzÀ°è vÀªÀÄä PÉÃAzÀæzÀ°è PÀÄ¹vÀªÀ£ÀÄß PÀAqÀgÀÆ CzÀÄ UÉÆÃZÀgÀªÁUÀÄªÀÅ¢®è 
ªÀÄvÀÄÛ ¥ÀvÉÛ ªÀiÁqÀ¯ÁUÀÄªÀÅ¢®è. CzÀgÀ PÉÃAzÀæªÀÅ C¢üPÀ 
¥ÀæªÀiÁtzÀ°è zÀæªÀågÁ²AiÀÄ£ÉÆß¼ÀUÉÆArgÀÄvÀÛzÉ. PÉ®ªÀÅ 
¸À«ÄÃPÉëUÀ½AzÀ UÀÄgÀÄw¹gÀÄªÀ EAvÀºÀ WÀl£ÉUÀ¼ÉAzÀgÉ  

𝑁𝐺𝐶4946 UÁå¯ÁQìAiÀÄ°ègÀÄªÀ, 𝑁6946𝐵𝐻1 

JA§ PÉA¥ÀÄ zÉÊvÀåªÀÅ 2007£ÉÃ gÀ°è PÀAqÀÄ AiÀiÁªÀ 

¸ÉÆáÃlªÀÇ E®èzÉ 2015gÀ°è PÀtägÉAiÀiÁ¬ÄvÀÄ. EzÀÄ 
ªÀÄÄ À̧ÄPÁUÀÄªÀ ªÉÃ¼ÉUÉ CzÀgÀ À̧Ü¼ÀzÀ°è ªÀÄAzÀªÁzÀ 

CªÀUÉA¥ÀÄ §tÚªÀ£ÀÄß vÁ¼ÀÄwÛzÉ (avÀæ 11). 

¨sÀÆ«Ä¬ÄAzÀ 22 zÀ±À®PÀë eÉÆåÃwªÀðµÀðUÀ¼À 

zÀÆgÀzÀ°è EgÀÄªÀ EzÀÄ À̧ÆAiÀÄð£À 25gÀµÀÄÖ zÀæªÀågÁ²AiÀÄ£ÀÄß ºÉÆA¢zÀÄÝ Ȩ́ÆáÃlPÉÌ ªÀÄÄAavÀªÁV À̧ÆAiÀÄð£À 

1,00,000 gÀµÀÄÖ ¥ÀæPÁ±ÀªÁVvÉÛAzÀÄ w½zÀÄ§A¢zÉ. ̧ ÉÆáÃlzÀ £ÀAvÀgÀ EzÀÄ ºÉÆgÀ¸ÀÆ À̧ÄwÛgÀÄªÀ CªÀUÉA¥ÀÄ QgÀtªÀÅ 

¸ÀÆAiÀÄð£ÀÄ ºÉÆgÀ¸ÀÆ À̧ÄªÀ 5000gÀµÀÄÖ EzÉ.  

RUÉÆÃ¼À «eÁÕ¤UÀ¼À ¥ÀæPÁgÀ F «¥sÀ®ªÁzÀ À̧Æ¥À£ÉÆÃðªÁzÀ PÉA¥ÀÄ zÉÊvÀå £ÀPÀëvÀæzÀ ªÀÄzsÀå¨sÁUÀªÀÅ PÀ¥ÀÄàgÀAzÀæªÁV 
PÀÄ¹zÀÄ, zÀæªÀåªÀÅ £ÀÆånæ£ÉÆ DV ¹rzÀÄºÉÆÃVzÉ. ¸ÁªÀiÁ£ÀåªÁV À̧Æ¥À£ÉÆÃðªÁ DV ¹rzÀ £ÀAvÀgÀ  

 

avÀæ 11 «¥sÀ®ªÁzÀ ¸ÀÆ¥À£ÉÆÃðªÁ (JqÀ s̈ÁUÀ) PÉA¥ÀÄ zÉÊvÀå  
£ÀPÀëvÀæzÀ ªÀÄzsÀå s̈ÁUÀªÀÅ  PÀ¥ÀÄàgÀAzÀæªÁVgÀÄªÀÅzÀÄ(§® s̈ÁUÀ) 
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PÀ¥ÀÄàgÀAzÀæªÁUÀÄvÀÛzÉ, DzÀgÉ E°è ̧ ÀÆ¥À£ÉÆÃðªÁ ̧ ÀA¨sÀ« À̧zÉ §zÀ° ªÀiÁUÀðªÀ£ÀÄß C£ÀÄ¸Àj¹zÉAiÉÄAzÀÄ «eÁÕ¤UÀ¼À 
£ÀA©PÉ. E°è £ÀPÀëvÀæªÀÅ PÀ¥ÀÄàgÀÀAzÀæªÉÃ DVzÀÝ°è EzÉÃ ªÉÆzÀ®£ÉÃ ¨Áj PÀ¥ÀÄàgÀAzÀæªÀÅ gÀÆ¥ÀÄUÉÆArgÀÄªÀÅzÀ£ÀÄß 
«ÃQȩ̈ À¯ÁVzÉ JAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ ºÉÃ¼ÀÄvÁÛgÉ. EzÀ£ÀÄß ºÀ§¯ï ªÀÄvÀÄÛ ¹àqÀìgï ̈ ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀzÀ°è 
«ÃQȩ̈ À¯ÁVzÉ. 

eÉÃªÀiïì ªÉ¨ï ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀªÀÅ «ÃQë¹zÀ DzsÁgÀzÀAvÉ JgÀqÀÄ £ÀPÀëvÀæUÀ¼ÀÄ «°Ã£ÀUÉÆAqÀÄ 
¸ÀÆ¥À£ÉÆÃðªÁ DUÀ®Ä «¥sÀ®UÉÆArzÉAiÉÄAzÀÄ w½zÀÄ§A¢zÉ. 

¸ÀÆ¥À£ÉÆÃðªÁ À̧Zïð ¥ÉÆæÃUÁæªÀiï¤AzÀ À̧ÄªÀiÁgÀÄ 16,000PÀÆÌ ºÉZÀÄÑ À̧Æ¥À£ÉÆÃðªÁUÀ¼À£ÀÄß 

PÀAqÀÄ»rAiÀÄ¯ÁVzÉ. ªÀÄÄA¢£À 10-12 ªÀµÀðUÀ¼À°è CAvÀgÀ vÁgÁªÀ®AiÀÄzÀ°è À̧A¨sÀ« À̧ÄªÀ ®PÁëAvÀgÀ 

¸ÀÆ¥À£ÉÆÃðªÁUÀ¼À£ÀÄß PÀAqÀÄ»rAiÀÄÄªÀ AiÉÆÃd£É EzÉ. QëÃgÀ¥ÀxÀ UÁå¯ÁQìAiÀÄ°è ¸ÀÄªÀiÁgÀÄ 1,000 

¸ÀÆ¥À£ÉÆÃðªÁ CªÀ±ÉÃµÀUÀ½ªÉAiÉÄAzÀÄ ¯ÉPÀÌ ºÁQzÁÝgÉ. EªÀÅUÀ¼À°è 300PÀÆÌ ºÉZÀÄÑ À̧Æ¥À£ÉÆÃðªÁUÀ¼À£ÀÄß 
PÀAqÀÄ»r¢zÁÝgÉ.  

¸ÀAUÀæºÀ: CAvÀeÁð® 

 

 

 

 

 

 

 

The Accidental Discovery That Changed Breakfast Forever 

In 1895, a scientist named Percy Spencer was working with a radar magnetron—a 

device that emits microwaves—when he noticed something peculiar. The chocolate 

bar in his pocket had melted! Intrigued, he conducted further experiments, placing 

popcorn kernels near the device. To his amazement, they started popping. 

Spencer realized that microwaves could heat food quickly and efficiently. This 

accidental discovery led to the invention of the microwave oven, a kitchen staple that 

revolutionized cooking worldwide. 

Science often progresses through unexpected moments like this, proving that curiosity 

and observation can lead to groundbreaking innovations—even in the middle of a 

workday snack mishap! 
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         Academic activities of H D Ananda   

1. 7th Nov 2024 - Talk at B.E.T Convent, Bengaluru 

2. 11th Nov 2024 - Talk at BMS College of Engineering, Bengaluru 

3. 12th Nov 2024 - Chief Guest & Address at Vijaya College, Bengaluru 

4. 17th Nov 2024 - Webinar by Karnataka Physics Association (KPA) 

5. 27th Nov 2024 - Talk at RNSIT, Bengaluru 

6. 3rd Dec 2024 - Talk at RNSIT, Bengaluru 

7. 10th Dec 2024 - Address at RNS Pre-University College, Bengaluru 

8. 13th Dec 2024 - Session for Student Induction at MES College, Bengaluru 

9. 18th Dec 2024 - Chief Guest & Address at Smt. Parvathamma Shivashankarappa PU 

College, Davanagere 

10. 18th Dec 2024 - Address at Bapuji Institute of Engineering & Technology, Davanagere 

11. 19th Dec 2024 - Session at Bapuji Institute of Engineering & Technology, Davanagere 

12. 21st Dec 2024 - Chief Guest at Annual Day, Mount Carmel English School, Bengaluru 

13. 4th Jan 2024 - Webinar by Creative, Gauribidanur 

14. 11th Jan 2024 - Talk at Global Academy, Bengaluru 
 

 Selected activities of Dr. B. A. Kagali  

1. 9th Nov 2024 - Talk on ‘The life and legacy of C. V. Raman,’ Govt. High School, 

Thanisandra, Bengaluru 

2. 12th Nov 2024 - Interaction with students, BBMP PU College, Magadi Road, Bengaluru 

3. 13th Nov 2024 - Demonstration of experiments in physics, Govt. High School, 

Shivajinagar, Bengaluru 

4. 27th Nov 2024 - Physics experimental demonstration, BBMP High School, 

Kamakshipalya, Bengaluru 

5. 29th Nov 2024 - Demonstration of experiments in physics, BBMP High School, Magadi 

Road, Bengaluru 

6. 6th Dec 2024 - Delivered two talks (‘Variational principles’ and ‘White dwarfs’) at a 

workshop for teachers and research students, University of Mysore 

7. 28th Dec 2024 - Demonstration of low-cost experiments, Gavi Siddeshwara PU College, 

Koppal 

8. 29th Dec 2024 - Talk on ‘Artificial intelligence’ for physics teachers, Sri Chaitanya 

College, Ballari 

 

 

 

           Activities of KPA Members 

            from November 2024 to January 2025 
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Innovative but simple low-cost experiments demonstrated in physics and chemistry for 

high school/PU students by Dr. Basavaraj Kagali, Sri Liyakhat Ali Khan, and Sri J. 

Basavaraju at the following schools 

 

1. 13th Nov 2024 - VKO Govt. High School, Shivajinagar 

2. 25th Nov 2024 - BBMP High School, Kodandaramapura 

3. 28th Nov 2024 - BBMP Girls PU College, Shrirampura 

4. 9th Dec 2024 - BBMP High School, Magadi Road 

5. 30th Dec 2024 - BBMP High School, Venkateshpura 

6. 2nd Jan 2025 - BBMP High School, Byadarahalli 

 

Activities of Dr.B S Srikanta  

 

1. 9th Nov 2024 - Govt. High School, Thanisandra - Lecture cum demonstration class on 

Ohm's Law 

2. 12th Nov 2024 - Government First Grade College, Gauribidanur - Lecture on "C.V. 

Raman - Life and His Works" 

3. 22nd Nov 2024 - Vivekananda High School, Sulibele, Hoskote Taluk - Demonstration 

class on Electricity for 10th standard students 

4. 3rd Dec 2024 - Aditya Institute of Management Studies - Lecture on "Sustainability - 

Paradigm Shift in Global Business Practices" 

5. 12th Dec 2024 - Oxford Engineering College, Bengaluru - Lecture on "Education - A 

Key for Empowering Future" 

6. 11th Jan 2025 - NSS Bhavan, Bangalore University - Lecture on "Importance of NSS 

in Educational Institutions" during the camp for programme officers of BU colleges 
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Experimental workshops 

 

  

 

 

 

 

   

 

Rajeshwari School, RR Nagar                      Kaveripura High school, Bengaluru                      

                                                              

 
Srividya High school, Nelamangala 

                                                                              

 
Kamakshipalya High school, Bengaluru                 Shivajinagar Govt. High School 

 

Capturing moments from educational talks and hands-on 

demonstrations across schools and colleges 
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Workshop on AI at Ballari Sri Chaitanya College 

 

 

 

Invited talks by H D Ananda 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Ambedkar Institute of Technology, Bengaluru  

Science Exhibition Holalkere   
Smt. Parvathamma Shivashankarappa 

         PU College, Davanagere 
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Talks by Dr. B.S. Srikanta 

 
 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
Oxford Eng. College, Bengaluru    

Thanisnadra high school Sulibele high school 

 

Gauribidanur College on C V Raman 

Workshop at BIT, Bengaluru  
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REPORT ON THE WORKSHOP ON THE ROLE OF ARTIFICIAL INTELLIGENCE IN PHYSICS 

TEACHING AND LEARNING 

The said workshop was held on 29th of December, 2024 at Ballari in collaboration with Sri Chaitanya Group of 

Institutions for PU Physics teachers of Ballari district. It was inaugurated by Dr.M P Ravindra, Founder Vice 

Chancellor of Manipal University, Malaysia. Dr.P Radhakrishna, Chairman of the Chaitanya Group of 

Institutions presided over the inaugural function and kindly made all arrangements for the workshop. Sri. 

Veerabhadrappa, President, Physics Forum of Ballari and others participated in the Inauguration. Talks on 

various aspects of AI and its role in physics teaching, with practical demonstrations, were presented by Dr.B A 

Kagali, Dr.M P Ravindra, Dr.M S Jogad ( Kalaburagi) and Dr. Ramakrishna (president, IAPT, Hyderabad). 

About fifty teachers from all over Ballari district participated in the event. Dr.S Somasekhara ( KPA  Joint 

Secretary) served as the coordinator of the workshop. The participants expressed their happiness for being 

introduced to the emerging field of Artificial Intelligence in the feedback session. 

REPORT ON WORKSHOP ON ‘PHYSICS FOR ENGINEERS 

A one day workshop on “Physics for Engineers” was arranged on 3rd January 2025. It was hosted by BIT, 

Bengaluru. The program was organized by the Dept. of Physics of BIT in association with KPA. There were two 

talks arranged in the morning session after the inauguration of the program which was presided over by the 

Principal of BIT.  In the afternoon session, a ‘Physics model making’ contest was held for the students. Prof. N 

Udaya Shankar from Raman Research Institute delivered a talk on ‘Engineering challenges in Radio 

Astronomy’.  This was followed by a talk on ‘Nanomaterials and their Applications’ by Dr. Basavaraj Angadi, 

from Bangalore University. Dr. Basavaraj Kagali & Dr. Nagaraju P served as judges for the physics model 

making contest in the afternoon and distributed the prizes.” Dr.S P Basavaraju served as the coordinator of the 

workshop. Around 150 students participated in the event. 

Talk at Kuppam Talk at Ballari High school 

Workshop at Mandya 
Talk at Kalaburgi 



72 |  

 
KPA Newsletter, Feb 2025 

 

 

 

Sl. no. Date Speaker topic 

1 03.11.24 Prof.V A Raghnathan Physics of soft matter 

2 10.11.24 Prof.B Rudraswamy Nuclear Reactors 

3 17.11.24 Sri.H D Ananda All about MCF at Hassan 

4 24.11.24 Ms.Akshatha Vydula Cosmic dawn with 21 cm signal 

5 01.12.24 Prof. N Karunakara Fascinating applications of Carbon-14 

determination 

6 15.12.24 Dr.C S Shivananda Superconductivity and its applications in 

quantum computing 

7 22.12.24 Prof.R Shankar The story of oceans 

8 05.01.25 Prof.K Siddappa Interdisciplinary research with Microtron 

9 12.01.25 Prof.H S  Mani Fun problems in Physics 

 

 

 

 

Engaging webinars from November 2024 to January 2025: 

Exploring new horizons in education and science 


