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In this issue, we have a biographical article about one of the founders of Quantum 

Mechanics – Erwin Schrodinger whose birthday falls in August. There is an article 

about a special kind of stars that swallow other stars. An article about the nature of 

exoplanets in Kannada is available for reading. The role of AI and ML in physics is 

briefly summarised in another article. As a matter of recent developments for us to 

know, there is an article about how lasers can help solve the plastic menace. There is a 

short article warning us about the ill effects of climate change and what we should be 

doing about it. An amusing poem in Kannada about quarks can be found next. There 

is a short article about Einstein’s prediction about the bending of light and its 

verification that led to the worldwide popularity of the General theory of relativity. As 

an example of innovative physics experiments that have won prizes from IAPT an 

article describing the measurement of the Poisson ratio of rubber can also be found in 

this issue. It is hoped that our teachers will be motivated to come out with similar 

experiments. 

A brief report on the activities of KPA during the previous three months is presented 

near the end of the newsletter. Comments and feedback from the readers would be 

greatly appreciated. One can also find thought-provoking quotes from the 

distinguished astrophysicist S. Chandrasekhar between the articles. 

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

free of cost. 

 

*************** 

 

 
 
 
 
 
 
 
 
 
 
 
 

From the Editors 



3  

 
 
 
 
 
 
 

Schrodinger is one of the main creators of quantum mechanics. 

Schrodinger developed the wave mechanics for microsystems and 

introduced the new concept of the wave function. It became the 

second formulation of quantum mechanics. The first formulation, 

called matrix mechanics, was developed by Werner Heisenberg 

around the same time. Schrodinger wave equation is one of the most 

basic equations of quantum mechanics. The solutions to the 

Schrodinger wave equation are, in general, complex functions that 

can only be related to the probable occurrence of physical events. It 

is regarded by many as the single most important contribution to 

theoretical physics in the twentieth century. Schrodinger’s book: 

“What is Life?’ led to great progress in Biology. It is interesting to 

note that Richard Feynman called the Schrodinger wave equation "the 

equation of life"! Schrodinger was an unorthodox and passionate man 

with a deep interest in philosophy. 

 

Early life 

 

Schrodinger was born on August 12, 1887 in Vienna. His father Rudolf Schrodinger was a highly 

gifted man. After studying chemistry at the Technical College in Vienna, Rudolf Schrodinger devoted 

himself for years to Italian painting and later decided to study Botany. He published a series of 

research papers on plant phylogeny. Rudolf Schrodinger had inherited a small but profitable business 

manufacturing linoleum and oilcloth.  

 

Schrodinger’s mother, Georgine, was the daughter of Alexander Bauer, a chemistry professor at the 

Technical College in Vienna. Schrodinger described his father as a man of broad culture and a friend 

who also served as his teacher, giving him a good start in life. 

 

Schrodinger was taught by a private tutor at home until he entered the Akademisches Gymnasium in 

1898. He passed his matriculation examination in 1906. At the Gymnasium, Schrodinger was not 

only attracted to scientific disciplines but also enjoyed studying ancient grammar and German poetry. 

He was a good student in all subjects,but specially loved mathematics and physics. He always stood 

first in his class.  

 

Higher Education 

 

In 1906, Schrödinger joined the University of Vienna, where he mainly focused on the theoretical 

physics courses given by Friedrich Hasenöhrl, a student and successor of Boltzmann. Hasenöhrl 

delivered an extensive series of lectures on various fields of theoretical physics. 

ERWIN SCHRODINGER – Father of Wave Mechanics 

  B A Kagali 
  Professor of Physics (retd.) 

  Bangalore University 



4  

 

Schrodinger received his PhD in 1910. His dissertation was an experimental one. It was on humidity 

as a source of error in electroscopes. The actual title of the dissertation was On the conduction of 

electricity on the surface of insulators in moist air. The work was not very significant. The committee 

appointed for examining the work was not unanimous in recommending him for the degree! 

 

Initial Appointments 

 

After receiving his PhD, Schrödinger undertook his voluntary military service. Returning from 

military service in the autumn of 1911, he took up an appointment as an assistant in experimental 

physics at the University of Vienna. He was put in charge of the large practical class for freshmen. 

Schrödinger had no love for experimental work, but he valued the experience, feeling that it taught 

him, through direct observation, what measuring means. He started working in theoretical physics by 

applying Boltzmann-like statistical-mechanical concepts to magnetic and other properties of bodies. 

The results were not very significant; however, based on his work, he earned his advanced doctorate 

(Habilitation). 

 

At the beginning of the First World War, Schrödinger was called up for active service and sent to the 

Italian border. It was at the warfront that he learned about Einstein's general theory of relativity and 

immediately recognized its great importance. While at the front, Schrödinger found it challenging to 

stay fully updated with developments in theoretical physics, but he continued his theoretical work. 

He even submitted a paper for publication from his position on the Italian front. In the spring of 1917, 

Schrödinger was transferred to Vienna, where he could resume his scientific work. 

 

The First World War resulted in the total collapse of Austria's economy, which also ruined 

Schrödinger's family. He had no option but to seek a career in the wider German-speaking world of 

Central Europe. 

 

Between the spring of 1920 and autumn of 1921, Schrödinger successively took up academic 

positions at Jena University (as an assistant to Max Wien, Wilhelm Wien's brother), Stuttgart 

Technical University (as an extraordinary professor), Breslau University (as an ordinary professor), 

and finally at the University of Zurich, where he replaced von Laue. 

 

At Zurich University 

 

Soon after arriving at Zurich, Schrodinger was diagnosed with suspected tuberculosis and he was 

sent to an alpine sanatorium in Arosa to recover. While recuperating at Arosa, Schrodinger wrote one 

of his most important papers, On a Remarkable Property of the Quantized Orbits of an Electron. At 

Zurich, he stayed for six years. This was the most productive and beautiful period of his professional 

life. He interacted with Herman Weyl and Peter Debye there. It was at Zurich that Schrodinger made 

his most important contributions. He first studied atomic structure and then in 1924, he took up 

quantum statistics.  

 

However, the most important moment of his professional career was when he came across Louis de 

Broglie's work. After reading de Broglie's work Schrodinger began to think about explaining the  
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movement of an electron in an atom as a wave and eventually came out with a solution. He was not 

at all satisfied with the quantum theory of the atom developed by Niels Bohr, who was not happy 

with the arbitrary nature of a good many of the quantum rules. Schrodinger did not like the generally 

accepted dual description of atomic physics in terms of waves and particles. He eliminated the particle 

and replaced it with wave alone. His first step was to develop an equation for describing the 

movement of electrons in an atom.  
 

Schrodinger eventually succeeded in developing his famous wave equation:  

 

   

His equation is very similar to classical equations developed earlier for describing many wave 

phenomena — sound waves, the vibrations of a string or electromagnetic waves. When applied to the 

hydrogen atom, the Schrodinger wave equation yielded all the results of Bohr and de Broglie. He 

interpreted the wave function as a measure of the spread of an electron. But this was also not 

acceptable. The interpretation was provided by Max Born. He stated that the wave function for a 

hydrogen atom represents each of its physical states and it can be used to calculate the probability of 

finding the electron at a certain point in space.  

 

In 1926, Schrödinger published his revolutionary work in a series of papers. Schrödinger's wave 

equation provided the second theoretical explanation for the movement of electrons in an atom, the 

first being Werner Heisenberg's matrix mechanics. Schrödinger's approach was preferred by many 

physicists because it could be visualized, while Heisenberg's approach was strictly mathematical and 

involved such complex mathematics that it was difficult to understand. As a result, physicists 

appeared to be divided into two groups. However, Schrödinger soon demonstrated that the two 

theories were identical but expressed differently. 

 

Professor at Berlin University 

 

After the retirement of Max Plank from Berlin University as Professor of Theoretical Physics, three 

persons were short-listed for the post: Arnold Sommerfeld, Schrodinger and Max Born. Schrodinger's 

testimonial drawn up for the purpose beautifully summarised his academic achievements till that 

time. It said: ‘For some years already he has been favourably known through his versatile, vigorously 

powerful, and at the same time very profound style in seeking new physical problems that interested 

him and illuminating them through deep and original ideas, with the entire set of techniques which 

mathematical and physical methods at present provide. He has proved this method of working to be 

effective in the treatment of problems in statistical mechanics, the analysis of optical interference, 

and the physical theory of colour vision. Recently he has succeeded in an especially daring design 

through his ingenious idea for the solution of the former particle mechanics using wave mechanics 

in the differential equation he has set up for the wave function. Schrodinger himself has already been 

able to deduce many consequences from this fortunate discovery.’  

 

Sommerfeld was the first choice and when he declined to leave Munich the offer went to Schrodinger. 

Even for Schrodinger, it was not easy to decide to leave Zurich. The physics students there organized 

a torchlight parade around the university to the courtyard of his house, where they presented him with  
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a petition to stay there! Schrodinger was deeply moved, but in the end, it was a personal appeal from 

Planck that persuaded him to accept the Berlin offer. 

 

Before taking up the appointment at Berlin, Schrodinger travelled to Brussels to attend the Solvay 

physics conferences. This time the topic was electrons and photons. Schrodinger was invited to 

deliver one of the prestigious lectures. He took this opportunity to elaborate on his wave mechanics. 

His views caused considerable debate. Born and Heisenberg attacked it quite vehemently! 

 

Schrödinger joined Berlin University on October 1, 1927, 

where he became a colleague of Albert Einstein. The courses 

he taught at Berlin University were considered the best 

among the science courses offered. His style of lecturing was 

informal; he lectured without notes, while many professors at 

the university practically read their lectures. His dress was 

also quite informal compared to other professors. At the age 

of forty-two, he was elected to the Berlin Academy of 

Science, becoming the youngest member of that esteemed 

body. 

  

Leaving Germany 

 

Like many other scientists, Schrodinger had to leave Germany after the Nazis seized power. The 

Nazis had no problems with Schrodinger but it was Schrodinger who did not like policies pursued by 

the Nazis. Schrodinger disgust for the Nazis was so strong that he was prepared to leave Germany. 

Initially, Schrodinger thought the Nazi madness would pass over within a couple of years but soon 

he realized that the Nazis were going to stay in power for a long time. Finally, Schrodinger left 

Germany for Oxford. It was possible due to the intervention of Frederick Alexander Lindemann, the 

head of the physics department at Oxford University and a close friend of Winston Churchill who 

could persuade Magdalen College, Oxford, to offer Schrodinger a Fellowship. Schrodinger's 

appointment at Magdalen was to be supplemented by a research appointment in industry so that his 

income became comparable to that of an Oxford professor.  

 

The confirmation of his appointment was accompanied by the news that he had just been awarded 

Nobel Prize in physics, jointly with Paul Dirac. Schrodinger reached Oxford on November 04, 1933. 

Lindemann and other tried their best to make Schrodinger stay at Oxford comfortable. However, 

Schrodinger was not satisfied with the arrangements at Oxford.  

 

He had received an offer of a permanent position at the Institute of Advanced Studies at Princeton 

during his visit there in the spring of 1934 for giving an invited lecture. However, Schrodinger did 

not accept the offer. 

 

In 1935 Schrodinger’s published a three-part essay on the present situation in quantum mechanics. It 

was in this essay the much talked about Schrodinger cat paradox appears. This paradox was a thought  

 

Schrodinger at Solvay conference  
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experiment, where a cat in a closed box either lived or died according to whether a quantum event 

occurred or not. It highlighted the shortcomings of quantum mechanics.  

 

Back to Austria 

 

In 1936, Schrödinger returned to his native country, Austria, to take up an appointment at the 

University of Graz. At the same time, he received an offer of a professorship at Allahabad University 

in India. While waiting for the official confirmation of his appointment at Graz, he received an offer 

of a professorship at Edinburgh. However, the necessary permission for permanent British residence 

did not arrive before the official confirmation came from Graz. He finally moved to Graz, where he 

was given a full professorship and also an honorary professorship at Vienna. 

 

While working at Graz, Schrodinger was hoping that eventually, he would get an appointment in 

Vienna. But this did not happen. In 1938, the Nazis extended their anti-Semitic policies pursued in 

Germany to Austria.  

 

Schrodinger attended the celebration of the eightieth birthday of Max Plank, where he was warmly 

welcomed. But he was no longer acceptable to the Nazi authorities because they did not forget the 

insult he caused to them by fleeing from Berlin in 1933. His so-called repentant confession was of 

no use. First he was dismissed from his honorary position at Vienna and then on August 26, 1938, he 

was also dismissed from his regular post at Graz. The reason cited for his dismissal was his ‘political 

unreliability’. The official in Vienna, whom Schrodinger consulted, advised him to get a job in 

industry. They also told him that he would not be allowed to leave the country. Schrodinger 

immediately realized the danger of staying in Austria. 

 

Leaving Austria 

 

Schrodinger hurriedly left for Italy with his wife. They had no time even to take their belongings with 

them. They boarded the train to Rome with a few suitcases. Schrodingers were received at the station 

in Italy by Enrico Fermi, who also lent them some money. From Rome, Schrodinger wrote to the 

Irish statesman Eamon De Valera, then President of the League of Nations (predecessor of the United 

Nations). Schrodinger met De Valera at Geneva. De Valera offered Schrodinger a position at the 

Institute of Advanced Studies that he was trying to set up at Dublin. De Valera also advised 

Schrodinger to leave Italy at the earliest and go for Ireland or England, as according to him the war 

was imminent. Schrodinger accepted De Valera’s offer of appointment at the proposed Institute at 

Dublin.  

 

However, he did not directly proceed to Dublin. Instead, he went back to Oxford, where he received 

an offer of a one-year visiting professorship at the University of Ghent in Belgium. At Ghent, he 

wrote a significant paper on the expanding universe. After his time at Ghent, Schrödinger, along with 

his family, returned to Oxford. Unfortunately, Lindemann and others who had previously welcomed 

the Schrödingers were no longer ready to receive them again. The Schrödingers were now classed as 

enemy aliens. 
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In Dublin 

 

But Lindemann made it possible for Schrodingers to reach Dublin in October 1939. Schrodinger 

adjusted well in the new environs and under his leadership the Institute of Advanced Studies of 

Dublin became an important centre of theoretical physics. He remained in Dublin until he retired in 

1956. 

 

At the beginning of his stay at Dublin, Schrodinger studied electromagnetic theory and relativity and 

began to publish on unified field theory. As we know Einstein was also working on the same problem   

 

Princeton’s Institute of Advanced Studies. In 1947 Schrodinger believed that he had a real 

breakthrough in his efforts toward creating unified field theory. Schrodinger was so excited about his 

new theory that he decided to present it to the Irish Academy without examining it critically. 

Schrodinger announcement was widely publicized in the media as an epoch-making discovery. 

However, after seeing Einstein comments Schrodinger realized his folly. He was really devastated by 

the episode. It was certainly a great embarrassment. After this debacle Schrodinger turned to 

philosophy.  

 

His study of Greek science and philosophy is summarised in Nature and the Greeks, which was 

published in 1954. Schrodinger most important contribution at the Dublin Institute was his book 

called What is Life? This was the result of a series of lectures given at the Institute in 1943. The book 

was published in 1944. It is regarded as one of the most important scientific writings of the twentieth 

century. His book achieved an immediate and great reputation with both physicists and biologists, 

and ranks still today as one of the most overrated scientific writings of the twentieth century. The 

book influenced a good many talented young physicists particularly those who were disillusioned by 

the destruction caused by atom bombs in Japan and wanted no part in atomic physics. Schrodinger 

showed these physicists a discipline, which was free from military applications and at the same time 

very significant and largely unexplored. The book represented the transfer of new concepts of physics 

into biology. Schrodinger had a lifelong interest in Vedantic philosophy of Hinduism. 

 

He also had deep interest in the philosophy of Schopenhauer and Spinoza. His book on Spacetime 

Structure was published by Cambridge University in 1950. 

 

Back to Vienna again 

 

In 1955, Schrodinger returned to Vienna. On his arrival he was treated as a celebrity. He was 

appointed to a special professorship at the University of Vienna. Though he retired from the 

university in 1958, he continued to be an emeritus professor till his death. In Vienna he wrote his last 

book describing his metaphysical views. 

 

Schrodinger died on January 04, 1961 due to tuberculosis. Commenting on Schrodinger personal 

traits his biographer Walter Moore wrote: ‘Schrodinger was a passionate man, a poetic man, and the 

fire of his genius would be kindled by the intellectual tension arising from the desperate situation of 
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the old quantum theory…It seems also that psychological stress, particularly that associated with 

intense love affairs, helped rather than hinder his scientific creativity.’ 

Erwin Schrodinger was perhaps the most complex figure in twentieth-century discussions of quantum 

mechanical uncertainty. In his early career, Schrodinger was a great exponent of fundamental change 

in the universe. He followed his teacher Franz S. Exner, who was himself a student of the great  

 

Ludwig Boltzmann. Boltzmann used randomness in molecular collisions to derive the famous 

equation now called the Boltzmann evolution equation. In his vigorous debates with Neils Bohr and 

Werner Heisenberg, Schrodinger attacked the probabilistic Copenhagen interpretation of his wave 

function with a famous thought experiment now well known as Schrodinger's Cat paradox.  
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The scientist only imposes two things, 

namely TRUTH and SINCERITY, upon 

himself and other scientists 
                                  Erwin Schrodinger 
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DUÀ̧ ÀzÀ°è C£ÉÃPÀ §UÉAiÀÄ vÁgÉUÀ¼À£ÀÄß PÁtÄvÉÛÃªÉ. ºÀ¼À¢ §tÚzÀ £ÀPÀëvÀæUÀ¼ÀÄ aPÀÌzÁVzÀÄÝ ºÉZÀÄÑ PÁ® 

¥ÀæPÁ² À̧ÄvÀÛªÉ. PÉA¥ÀÄ PÀÄ§Ó£ÀPÀëvÀæUÀ¼ÀÄ (𝑅𝑒𝑑 𝑑𝑤𝑎𝑟𝑓𝑠) aPÀÌzÁVzÀÄÝ PÀrªÉÄ GµÀúvÉAiÀÄ£ÀÄß ºÉÆA¢ ºÉZÀÄÑ 
PÁ® «Ä£ÀÄUÀÄvÀÛªÉ. ¤Ã° §tÚzÀ £ÀPÀëvÀæUÀ¼ÀÄ ºÉZÀÄÑ zÉÆqÀØzÁV ¥ÀæPÁ±ÀªÀiÁ£À ªÀÄvÀÄÛ GµÀÚvÉ¬ÄAzÀ PÀÆrzÀÄÝ 
CªÀÅUÀ¼À §zÀÄPÀÄ ªÉÃUÀªÁVzÀÄÝ ºÉZÀÄÑ PÁ® §zÀÄQgÀÄªÀÅ¢®è. RUÉÆÃ¼À«eÁÕ¤UÀ½UÉ «±ÉèÃ¶¸À®Ä CvÀåAvÀ 

dn®ªÁzÀªÀÅ AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ (𝐵𝑖𝑛𝑎𝑟𝑦 𝑆𝑡𝑎𝑟𝑠). EªÀÅ JgÀqÀÄ vÁgÉUÀ¼À MAzÀÄ ªÀåªÀ¸ÉÜAiÀiÁVzÀÄÝ 
UÀÄgÀvÁéPÀµÀðuÉUÉÆ¼ÀUÁV MAzÀPÉÆÌAzÀÄ Cw ¸À«ÄÃ¥ÀzÀ°ègÀÄvÀÛªÉ, C®èzÉ CªÀÅ vÀªÀÄä°è MAzÀÄ ¸ÁªÀiÁ£Àå 
UÀÄgÀÄvÁéPÀµÀðt PÉÃAzÀæªÀ£ÀÄß ºÉÆA¢ CzÀgÀ À̧ÄvÀÛ®Æ ¤gÀAvÀgÀªÁV À̧vÀÄÛvÀÛªÉ. EzÀPÉÌ GzÁºÀgÀuÉAiÀiÁV 

£ÀªÀÄä »AzÀÆ eÉÆåÃw±Á¸ÀÛçzÀ É̄èÃ EgÀÄªÀ ªÀ¹µÀ×-CgÀÄAzÀw £ÀPÀëvÀæ (𝑀𝑖𝑧𝑎𝑟 − 𝐴𝑙𝑐𝑜𝑟)  avÀæ 1. EzÀÄ 
¸À¥ÀÛ¶ð ªÀÄAqÀ®zÀ°èzÀÄÝ »AzÀÆ «ªÁºÀUÀ¼À°è ªÀzsÀÆ-ªÀgÀjUÉ CzÀ£ÀÄß vÉÆÃj À̧ÄªÀ ªÁrPÉ EzÉ. F 
¸À¥ÀÛ¶ð ªÀÄAqÀ®ªÀÅ ¸ÀÆAiÀÄð¤AzÀ 83 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°è EzÉ.    

 
DUÀ̧ ÀzÀ°è ºÉÆ¼ÉAiÀÄÄªÀ vÁgÉUÀ¼À°è ̧ ÀÄªÀiÁgÀÄ 
¥Àæw±ÀvÀ 85 £ÀPÀëvÀæUÀ¼ÀÄ AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÁVªÉ. 
AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ MAzÀ£ÉÆßAzÀÄ 
¸ÀÄvÀÄÛwÛzÀÝgÉ, PÁ®PÀæªÀÄzÀ°è CªÀÅUÀ¼À°ègÀÄªÀ 
zÉÆqÀØ £ÀPÀëvÀæªÀÅ vÀ£Àß UÀÄgÀÄvÁéPÀµÀðt 
§®¢AzÀ vÀ£Àß À̧«ÄÃ¥ÀªÀwðAiÀiÁzÀ 
ªÀÄvÉÆÛAzÀÄ aPÀÌzÁVzÀÝ°è CzÀ£ÀÄß ¨sÀQë¹ 

PÉA¥ÀÄzÉÊvÀå(𝑅𝑒𝑑 𝑔𝑎𝑖𝑛𝑡)ªÁV 
¥Àjt«Ä À̧ÄvÀÛzÉ EzÀPÉÌ À̧éeÁw ¨sÀPÀëPÀ 

(Stellar Cannibals) £ÀPÀëvÀUÀ¼ÉAzÀÄ 
PÀgÉAiÀÄÄªÀgÀÄ.  

RUÉÆÃ¼À«eÁÕ¤UÀ¼À ¥ÀæPÁgÀ 91 AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼À°è 7 AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÀÄ ¸ÀéeÁw ¨sÀPÀëPÀ £ÀPÀëvÀæUÀ¼ÁUÀÄvÀÛªÉ. 
1970gÀ°è RUÉÆÃ¼À«eÁÕ¤UÀ¼À «ÃPÀëuÉAiÀÄAvÉ CzÀgÀ MqÀ£Ár¬ÄAzÀ zÀæªÀågÁ²AiÀÄ£ÀÄß »ÃjPÉÆAqÀÄ 
PÉA¥ÀÄzÉÊvÀåªÁUÀÄvÀÛzÉ. EzÀPÉÌ GzÁºÀgÀuÉAiÀiÁV MjAiÀÄ£ï £ÀPÀëvÀæ¥ÀÄAdzÀ°ègÀÄªÀ ¨sÀÆ«ÄUÉ 430 

eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ PÉA¥ÀÄzÉÊvÀåªÁzÀ ©Ãl¯ïVÃ¸ï (𝐵𝑒𝑡𝑒𝑙𝑔𝑒𝑢𝑠𝑒) CxÀªÁ DzÀæð 
PÉA¥ÀÄzÉÊvÀå £ÀPÀëvÀæªÀÅ »AzÉ vÀ£Àß À̧«ÄÃ¥ÀzÀ°èzÀÝ £ÀPÀëvÀæªÀ£ÀÄß ¨sÀQë¹zÉAiÉÄAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ vÁªÀÅ 
PÉÊUÉÆAqÀ ¸ÀA±ÉÆÃzsÀ£É¬ÄAzÀ ¤zsÀðj¹zÁÝgÉ.  

 

¸ÀéeÁw s̈ÀPÀëPÀ vÁgÉUÀ¼ÀÄ (𝑪𝒂𝒏𝒏𝒊𝒃𝒂𝒍𝒊𝒄 𝑺𝒕𝒂𝒓𝒔) 
    qÁ. ±ÁgÀzÁ £ÁUÀ¨sÀÆµÀt   

avÀæ 1.  ¸À¥ÀÛ¶ð ªÀÄAqÀ® 
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À̧éeÁw ¨sÀPÀëPÀ £ÀPÀëvÀæUÀ¼À «zsÀUÀ¼ÀÄ 

JgÀqÀÄ £ÀPÀëvÀæUÀ¼ÀÄ ºÀwÛgÀzÀ°èzÀÄÝ CªÀÅ AiÀÄÄUÀ¼À £ÀPÀëvÀæUÀ¼ÁVzÀÝgÉ zÉÆqÀØzÁzÀ ¥ÀæzsÁ£À £ÀPÀëvÀæªÀÅ vÀ£Àß 
UÀÄgÀÄvÁéPÀµÀðuÉ¬ÄAzÁV vÀ£Àß ºÀwÛgÀzÀ JgÀqÀ£ÉÃ £ÀPÀëvÀæ¢AzÀ C¤® ªÀÄÄAvÁzÀ zÀæªÀågÁ²UÀ¼À£ÀÄß vÀ£ÉÆß¼ÀUÉ 
»ÃjPÉÆAqÀÄ zÉÊvÀå £ÀPÀëvÀæªÁUÀÄvÀÛzÉ. ªÀÄÄAzÉ zÉÊvÀå£ÀPÀëvÀæªÀÅ ¹rzÀÄ À̧Æ¥Àgï£ÉÆÃªÀ DV ¹rAiÀÄ§ºÀÄzÀÄ 
CxÀªÁ D £ÀPÀëvÀæzÀ°è À̧AZÀAiÀÄªÁzÀ zÀæªÀågÁ²AiÀÄ°è £ÀÆåQèAiÀÄgï ¥ÀæwQæAiÉÄAiÀiÁV CUÁzsÀªÁzÀ ±ÀQÛAiÀÄÄ 
GvÁàzÀ£ÉAiÀiÁUÀÄvÀÛzÉ. C®èzÉ CzÀgÀ gÀZÀ£ÉAiÀÄ°è Që¥Àæ §zÀ¯ÁªÀuÉAiÀÄÄAmÁV £ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ 
PÀ¥ÀÄà-gÀAzÀæªÁV ¥Àjt«Ä¸À§ºÀÄzÀÄ. GzÁºÀgÀuÉUÉ 2015gÀ°è MºÁAiÉÆÃ «±Àé«zÁå®AiÀÄzÀ 

RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ 𝐴𝑆𝐴𝑆𝑆𝑁 − 15𝑙ℎ JA§ §ÈºÀvï À̧Æ¥À£ÉÆÃðªÁC£ÀÄß «ÃQë¹gÀÄªÀ 
ªÀgÀ¢AiÀiÁVzÉ. EzÀÄ À̧ÆAiÀÄð¤VAvÀ 570 ¥ÀlÄÖ ¥ÀæPÁ±ÀªÀiÁ£ÀªÁVzÀÄÝ MAzÀÄ §ÈºÀvï £ÀPÀëvÀæªÀÅ À̧«ÄÃ¥ÀzÀ 
ªÀÄvÉÆÛAzÀÄ £ÀPÀëvÀæªÀ£ÀÄß ¨sÀQë¹zÀ ¥ÀjuÁªÀÄªÁV ¸ÀÆ¥À£ÉÆÃðªÁ DV ¹r¢gÀÄªÀÅzÀÄ ¸ÀéeÁw £ÀPÀëvÀæUÀ¼À 
¨sÀPÀëuÉUÉ MAzÀÄ M¼ÉîAiÀÄ GzÁºÀgÀuÉAiÀiÁVzÉ.  

£Ávïð ¸ÁÖgï CxÀªÁ zsÀÄæªÀ £ÀPÀëvÀæªÀÅ ¨sÀÆ«ÄUÉ 521 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°èzÀÄÝ À̧ÆAiÀÄð¤VAvÀ K¼ÀÄ 
¥ÀlÄÖ ºÉZÀÄÑ zÀæªÀågÁ²AiÀÄ£ÀÄß ºÉÆA¢zÉ. EzÀÄ ªÀÄzsÀåªÀAiÀÄ¹ì£À £ÀPÀëvÀæªÁVzÀÄÝ ºÉZÀÄÑ ¥ÀæPÁ±ÀªÀiÁ£ÀªÁzÀ 
C¹ÜgÀ AiÀÄÄUÀ¼À £ÀPÀëvÀæªÁVzÉ. EwÛÃa£À ªÀgÀ¢AiÀÄ ¥ÀæPÁgÀ EzÀÄ vÀ£Àß MqÀ£Ár £ÀPÀëvÀæªÀ£ÀÄß ¨sÀQë¸ÀÄwÛgÀÄªÀÅzÀÄ 
EzÀgÀ ¥ÀæPÁ±ÀvÉUÉ MAzÀÄ PÁgÀtªÉAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À C©ü¥ÁæAiÀÄ.   

PÉ®ªÀÅ ±ÉéÃvÀPÀÄ§Ó £ÀPÀëvÀæUÀ¼ÀÄ vÀ£Àß ¥ÀPÀÌzÀ°ègÀÄªÀ G¥À£ÀPÀëvÀæUÀ¼À°ègÀÄªÀ C¤®ªÀ£ÀÄß ¨sÀQë¹ CzÀ£ÀÄß PÀAzÀÄ 
PÀÄ§ÓªÁV ªÀiÁqÀÄvÀÛªÉ. EzÀPÉÌ GzÁºÀgÀuÉAiÀiÁV ¨sÀÆ«Ä¬ÄAzÀ 730 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ  
eÉÉ1433 ±ÉéÃvÀPÀÄ§ÓªÀ£ÀÄß dÄå¦lgï UÀæºÀzÀ 60gÀµÀÄÖ zÀæªÀågÁ²AiÀÄÄ¼Àî MAzÀÄ £ÀPÀëvÀæªÀÅ 78 ¤«ÄµÀPÉÆÌAzÀÄ 
¨Áj ¥ÀæzÀQë¸ÀÄwÛvÀÄÛ. PÁ®PÀæªÀÄzÀ°è D ±ÉéÃvÀPÀÄ§ÓzÀ UÀÄgÀÄvÁéPÀµÀðuÉ¬ÄAzÁV D £ÀPÀëvÀæ¢AzÀ ¥Àæw±ÀvÀ 90 
¨sÁUÀ C¤® ªÀÄvÀÄÛ EvÀgÀ ªÀÄÆ®ªÀ À̧ÄÛUÀ¼À£ÀÄß vÀ£ÀßvÀÛ J¼ÉzÀÄPÉÆAqÀÄ £ÀPÀëvÀæªÀ£ÀÄß PÀAzÀÄPÀÄ§ÓªÁUÀÄªÀAvÉ 
ªÀiÁrvÀÄ. EzÀ£ÀÄß RUÉÆÃ¼À «eÁÕ¤UÀ¼ÀÄ a°AiÀÄ°ègÀÄªÀ « J¯ï n zÀÆgÀzÀ±ÀðPÀ¢AzÀ «ÃQë¹ 
zÁR°¹zÁÝgÉ. 

£ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ ±ÉéÃvÀPÀÄ§ÓUÀ¼ÀÄ Cw ºÉZÀÄÑ ¸ÁAzÀævÉAiÀÄ£ÀÄß ºÉÆA¢gÀÄªÀÅzÀjAzÀ CªÀÅ ºÉZÀÄÑ 
UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄ£ÀÄß ºÉÆA¢gÀÄvÀÛªÉ. EzÀjAzÀ CªÀÅUÀ¼À À̧«ÄÃ¥ÀzÀ°ègÀ§ºÀÄzÁzÀ £ÀPÀëvÀæUÀ¼À CxÀªÁ 
AiÀiÁªÀÅzÉÃ UÀæºÀUÀ¼À CªÀ±ÉÃµÀªÁzÀgÀÆ À̧jAiÉÄ CªÀÅUÀ¼À£ÀÄß vÀ£ÉßqÉUÉ DPÀ¶ð¹ «°Ã£ÀUÉÆ½¸ÀÄvÀÛªÉ. 
GzÁºÀgÀuÉUÉ PÁå°¥sÉÆÃ¤ðAiÀiÁzÀ ¥Á®ägï «ÃPÀëuÁ®AiÀÄzÀ°è 3000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ 

𝑍𝑇𝐹𝐽1813 + 4251 JA§ ±ÉéÃvÀPÀÄ§Ó ªÀÄvÀÄÛ CzÀgÀ ¸À«ÄÃ¥ÀzÀ°ègÀÄªÀ £ÀªÀÄä ¸ÀÆAiÀÄð£ÀAvÀºÀ £ÀPÀëvÀæzÀ 
CªÀ±ÉÃµÀªÀÅ MAzÀ£ÉÆßAzÀÄ 51 ¤«ÄµÀUÀ½UÉÆAzÀÄ ̈ Áj ̧ ÀÄvÀÄÛwÛgÀÄªÀÅzÀ£ÀÄß «ÃQë¹zÀgÀÄ. £ÀAvÀgÀ ±ÉÃvÀPÀÄ§ÓzÀ 
§®ªÁzÀ UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄÄ À̧«ÄÃ¥ÀzÀ MqÀ£Ár £ÀPÀëvÀæ¢AzÀ d®d£ÀPÀ ªÀÄwÛvÀgÀ C¤®UÀ¼À£ÀÄß s̈ÀQë¹ 
xÀªÉÆÃð£ÀÆåQèAiÀÄgï À̧«Ää¼À£À¢AzÀ ‘£ÉÆÃªÀ’ Ȩ́ÆáÃlªÉÃ¥ÀðnÖgÀÄªÀÅzÀ£ÀÆß «ÃQë¹zÀgÀÄ. F ªÀåªÀ¸ÉÜAiÀÄÄ 
‘JQè¦ìAUï É̈Ê£Àj’AiÀiÁzÀÝjAzÀ D ¸ÉÆáÃlzÀ ¥ÀæPÁ±ÀvÉAiÀÄÄ ¤AiÀÄ«ÄvÀªÁV ªÀÄgÉAiÀiÁUÀÄwÛvÀÄÛ.  

PÀ¥ÀÄà gÀAzÀæUÀ¼ÀÄ £ÀPÀëvÀæUÀ¼À CAwªÀÄ WÀlÖzÀ MAzÀÄ §UÉAiÀiÁVzÉ. ªÉÆzÀ®Ä £ÀPÀëvÀæzÀ°è£À d®d£ÀPÀªÀÅ zÀ»¹ 
»Ã°AiÀÄA DV ¨É¼ÀPÀÄ ªÀÄvÀÄÛ GµÀúvÉAiÀÄ gÀÆ¥ÀzÀ°è ±ÀQÛAiÀÄÄ ©qÀÄUÀqÉAiÀiÁUÀÄvÀÛzÉ. £ÀAvÀgÀ »Ã°AiÀÄA£À 
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zÀºÀ£À QæAiÉÄ¬ÄAzÀ °yAiÀÄA, É̈j°AiÀÄA GvÀàwÛAiÀiÁV ¥ÀgÀªÀiÁtÄ À̧«Ää¼À£À ªÀÄÄAzÀÄªÀgÉzÀÄ PÀqÉAiÀÄ°è 
£ÀPÀëvÀæªÀÅ ºÉZÀÄÑ ¸ÁAzÀævÉAiÀÄÄ¼Àî  PÀ©ât ªÀÄÄAvÁzÀ ¨sÁgÀªÁzÀ ¯ÉÆÃºÀUÀ½AzÀ vÀÄA©ºÉÆÃUÀÄvÀÛzÉ. £ÀAvÀgÀ 
¥ÀgÀªÀiÁtÄ ¸À«Ää¼À£ÀQæAiÉÄ ¤AvÀÄºÉÆÃV UÀÄgÀÄvÁéPÀµÀðt ±ÀQÛAiÀÄÄ ªÉÄÃ®ÄUÉÊ DV £ÀPÀëvÀæUÀ¼À°è£À 
ªÀÄÆ®zsÁvÀÄUÀ¼É®èªÀÇ M¼ÀªÀÄÄRªÁV PÀÄ¹AiÀÄÄvÀÛzÉ. »ÃUÉ PÀÄ¹zÀ ¥ÀjuÁªÀÄªÁV F Cw ¸ÁAzÀævÉAiÀÄÄ¼Àî 
DPÁ±À PÁAiÀÄUÀ¼ÀÄ £ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ ªÀÄÆ® £ÀPÀëvÀæªÀÅ zÉÆqÀØ¢zÀÝ°è PÀ¥ÀÄà gÀAzÀæªÁV 
ºÉÆgÀºÉÆªÀÄÄävÀÛzÉ. JgÀqÀÄ PÀ¥ÀäàgÀAzÀæUÀ¼ÀÄ «°Ã£ÀªÁUÀÄªÀÅzÀÄ ¸ÀéeÁw ¨sÀPÀëvÉAiÀÄ PÀgÁ¼À ¨sÀÆvÀPÁ®ªÀ£ÀÄß 
§»gÀAUÀ¥Àr¸À§ºÀÄzÀÄ JAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ C©ü¥ÁæAiÀÄ¥ÀqÀÄvÁÛgÉ.  

PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼ÀÄ vÀ£ÀßzÉÃ ªÀÄAqÀ®zÀ À̧ÄvÀÛ°£À UÀæºÀUÀ¼À£ÀÄß ¨sÀQë¸ÀÄªÀÅzÀ£ÀÄß ºÀ§¯ï ¨ÁºÁåPÁ±À 
zÀÆgÀzÀ±ÀðPÀªÀÅ ªÉÆzÀ®Ä «ÃQë¹ avÀæªÀ£ÀÄß ¸ÉgÉ»r¢zÉ. »ÃUÉ vÀ£ÀßzÉÃ UÀæºÀªÀ£ÀÄß £ÀÄAUÀÄªÀÅzÀÄ ¥ÀæPÀÈwAiÀÄ 
«avÀæªÉÃ À̧j. s̈ÀÆ«ÄUÉ 86 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ £ÀªÀÄä ¸ÀÆAiÀÄð£ÀAvÀºÀ £ÀPÀëvÀæªÀÅ PÁ®PÀæªÀÄzÀ°è 

vÀ£Àß J¯Áè ¥ÀgÀªÀiÁtÄ EAzsÀ£ÀªÀ£ÀÄß ¥ÀÆgÉÊ¹zÀ£ÀAvÀgÀ 𝐺238 − 44  JA§ ±ÉéÃvÀPÀÄ§ÓªÁV ¥Àjt«Ä¹zÉ. 
EzÀgÀ CUÁzsÀ UÀÄgÀÄvÁéPÀµÀðuÉ¬ÄAzÁV vÀ£Àß ̧ ÀÄvÀÛ EzÀÝ J¯Áè UÀæºÀUÀ¼À£ÀÆß ̈ sÀQë¹gÀÄªÀÅzÀÄ ºÀ§¯ï CAvÀjPÀë 
zÀÆgÀzÀ±ÀðPÀ¢AzÀ «ÃQȩ̈ À¯ÁVzÉ.  

¸ÀÆ¥À£ÉÆÃðªÁ ¹rvÀªÁzÀ£ÀAvÀgÀ CzÀgÀ ªÀÄzsÀåzÀ CªÀ±ÉÃµÀªÀÅ PÀÄ¹zÀÄ £ÀÆåmÁæ£ï £ÀPÀëvÀæ CxÀªÁ PÀ¥ÀÄà 
PÀÄ½ CxÀªÁ PÀ¥ÀÄà gÀAzÀæªÁUÀÄvÀÛzÉ. zÀæªÀågÁ²AiÀÄÄ £ÀªÀÄä ¸ÀÆAiÀÄð£À zÀæªÀågÁ²AiÀÄ 1.4jAzÀ 2.9 ¥ÀlÄÖ 
EzÀÝ°è CzÀÄ £ÀÆåmÁæ£ï £ÀPÀëvÀæªÁV À̧ÄªÀiÁgÀÄ 20 Q  «ÄÃ ªÀiÁvÀæ ªÁå¸À«gÀÄvÀÛzÉ. À̧ÆAiÀÄð£À zÀæªÀågÁ²AiÀÄ 
3 CxÀªÁ 3QÌAvÀ®Æ ºÉZÀÄÑ EzÀÝ°è PÀ¥ÀÄàgÀAzÀæªÁUÀÄvÀÛzÉ. £ÀPÀëvÀæUÀ¼À F À̧éeÁw ¨sÀPÀëuÉAiÀÄ ªÀiË®åAiÀÄÄvÀ 
M¼À£ÉÆÃlªÀÅ «±ÀézÀ §zÀ¯ÁªÀuÉAiÀÄ°è ªÀÄÄRå ¥ÁvÀæ ªÀ» À̧ÄvÀÛzÉ.  

¸ÀéeÁw ¨sÀPÀëPÀ £ÀPÀëvÀæUÀ¼À£ÀÄß ¤zsÀðj¸ÀÄªÀ «zsÁ£À 

£ÀPÀëvÀæUÀ¼ÀÄ »VÎ PÉA¥ÀÄ zÉÊvÀåªÁzÀgÉ CzÀgÀ wgÀÄUÀÄªÀ ªÉÃUÀªÀÅ PÀrªÉÄAiÀiÁUÀÄvÀÛzÉ. ©Ãl¯ïVÃ¸ï CxÀªÁ 
DzÁæð £ÀPÀëvÀæªÀÅ NjAiÀÄ£ï £ÀPÀëvÀæ¥ÀÄAdzÀ ¨ÁºÀÄ«£À°èzÉ. EzÀÄ ¨sÀÆ«Ä¬ÄAzÀ 430 eÉÆåÃwªÀðµÀð 
zÀÆgÀzÀ°èzÀÄÝ FUÁUÀ̄ ÉÃ vÀ£Àß À̧«ÄÃ¥ÀzÀ°èzÀÝ £ÀPÀëvÀæªÀ£ÀÄß ¨sÀQë¹gÀÄªÀ vÁgÉAiÀiÁVzÉ. EzÀjAzÁV EzÀgÀ 

PÉÆÃ¤ÃAiÀÄ DªÉÃUÀªÀÅ (𝐴𝑛𝑔𝑢𝑙𝑎𝑟 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚) £ÀPÀëvÀæªÀÅ «PÁ¸ÀªÁzÀ ªÉÃ¼ÉVAvÀ 150 ¥ÀlÄÖ 
PÀrªÉÄAiÀiÁVzÉAiÉÄAzÀÄ RUÉÆÃ¼À«eÁÕ¤UÀ¼À À̧A±ÉÆÃzsÀ£É¬ÄAzÀ w½zÀÄ§A¢zÉ. C®èzÉ EzÀÄ ªÀÄÄA¢£À 1 
®PÀë ªÀµÀðUÀ¼À°è AiÀiÁªÁUÀ É̈ÃPÁzÀgÀÆ ¸ÀÆ¥Àgï£ÉÆÃªÁ DV ¹rAiÀÄÄªÀ J¯Áè ¸ÁzsÀåvÉUÀ½ªÉAiÉÄAzÀÄ 
C©ü¥ÁæAiÀÄ¥ÀnÖzÁÝgÉ. 

©¦ ¦üÃ¹AiÀÄA (𝑩𝑷𝑷𝒊𝒔𝒄𝒊𝒖𝒎) 

DPÁ±ÀzÀ°è §jUÀtÂÚUÉ CxÀªÁ zÀÆgÀzÀ±ÀðPÀzÀ°è £ÀPÀëvÀæUÀ¼À£ÉÆß¼ÀUÉÆAqÀ ªÉÆÃqÀUÀ¼ÀAvÉ PÁtÄªÀ 
¤ºÁgÀPÉUÀ¼À°è PÉ®ªÀÅ £ÀPÀëvÀæUÀ¼ÀÄ «®PÀëtªÁVzÀÄÝ C£ÉÃPÀªÀÅ PÁ®PÀæªÉÄÃt ««zsÀ UÁvÀæzÀªÀÅUÀ¼ÁV Cw ºÉaÑ£À 
¸ÁAzÀævÉAiÀÄ£ÀÄß ºÉÆA¢zÀ ±ÉéÃvÀ PÀÄ§Ó CxÀªÁ £ÀÆåmÁæ£ï £ÀPÀëvÀæUÀ¼ÁVªÉ. £ÀªÀÄä À̧ÆAiÀÄð£ÀAvÀºÀ £ÀPÀëvÀæUÀ¼ÀÄ 
ªÀÄvÀÄÛ zÉÆqÀØ PÉA¥ÀÄ zÉÊvÀåUÀ¼À£ÀÆß M¼ÀUÉÆArªÉ. ºÉZÀÄÑ ¸ÁAzÀævÉAiÀÄÄ¼Àî £ÀPÀëvÀæUÀ¼ÀÄ ºÉaÑ£À 
UÀÄgÀÄvÁéPÀµÀðuÉAiÀÄ£ÀÄß ºÉÆA¢gÀÄªÀÅzÀjAzÀ vÀªÀÄä À̧«ÄÃ¥ÀªÀwð £ÀPÀëvÀæUÀ¼À£ÀÄß DPÀ¶ð¹ CPÀëgÀ±ÀB 
wAzÀÄºÁPÀÄvÀÛªÉ. PÉ®ªÀÅ¨Áj À̧«ÄÃ¥ÀªÀwðAiÀÄ£ÀÄß wAzÀÄºÁQ ªÉÄÃ®AVAiÀÄAwgÀÄªÀ SÁ° C¤® 
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¥ÀzÀgÀªÀ£ÀÄß ©lÄÖºÉÆÃUÀ§ºÀÄzÀÄ. GzÁºÀgÀuÉAiÀiÁV ¦Ã¹Ã¸ï («ÄÃ£À) £ÀPÀëvÀæ¥ÀÄAdzÀ°ègÀÄªÀ ©¦ 

¦üÃ¹AiÀÄA (𝐵𝑃𝑃𝑖𝑠𝑐𝑖𝑢𝑚) JA§ «avÀæ £ÀPÀëvÀæªÀÅ §tÚzÀ°è PÉA¥ÁVzÀÄÝ ¸ÀªÀÄ s̈ÁdPÀzÀ°è zsÀÆ¼ÀÄ ªÀÄvÀÄÛ 
C¤®UÀ½AzÀ PÀÆrzÀ GAUÀÄgÀªÀÅ CzÀ£ÀÄß À̧ÄvÀÄÛwÛzÉ. «avÀæªÉAzÀgÉ EzÀÄ vÀ£Àß GvÀÛgÀ ªÀÄvÀÄÛ zÀQët zsÀÄæªÀ 
¥ÀæzÉÃ±ÀUÀ¼À°è PÁgÀAfAiÀÄAvÉ C¤®ªÀ£ÀÄß GUÀÄ¼ÀÄwÛgÀÄªÀÅzÀ£ÀÄß RUÉÆÃ¼À«eÁÕ¤UÀ¼ÀÄ «ÃQë¹zÀgÀÄ. ªÉÆzÀ® 
«ÃPÀëuÉAiÀÄ°è EzÀÄ £ÀªÀÄä ¸ÀÆAiÀÄð£ÀAvÀºÀ £ÀPÀëvÀæªÁVzÀÄÝ UÀæºÀUÀ¼ÉÆqÀ£É «PÁ¸ÀªÁUÀÄwÛgÀÄªÀAvÉ PÀAqÀgÀÆ, 
¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀzÀ «ÃPÀëuÉ¬ÄAzÀ EzÀgÀ°è d®d£ÀPÀªÀÅ »Ã°AiÀÄAVAvÀ §ºÀ¼À PÀrªÉÄ 
EzÉAiÉÄAzÀÄ w½zÀÄ§AvÀÄ. ªÀÄÄRåªÁV EzÀÄ §ºÀÄ¥Á®Ä »Ã°AiÀÄªÀiï¤AzÀ »VÎ PÉA¥ÀÄzÉÊvÀåªÁV,  
CªÀUÉA¥ÀÄ QgÀtUÀ¼À£ÀÄß ºÉÆgÀ̧ ÀÆ¹ ªÀÄAzÀ É̈¼ÀQ¤AzÀ DUÀ̧ ÀzÀ°è  ¥ÀæPÁ²¹wÛzÉAiÉÄAzÀÄ w½zÀÄ§A¢zÉ. 
2010gÀ°è ZÀAzÀæ ¨ÁºÁåPÁ±À zÀÆgÀzÀ±ÀðPÀ¢AzÀ «ÃQë¹zÁUÀ 1000 eÉÆåÃwªÀðµÀð zÀÆgÀzÀ°ègÀÄªÀ F 
©¦ ¦üÃ¹AiÀÄA AiÀÄÄªÀ £ÀPÀëvÀæªÁVgÀzÉ, MAzÀÄ ±ÀvÀPÉÆÃnAiÀÄµÀÄÖ ºÀ¼ÉAiÀÄ £ÀPÀëvÀæªÁVzÀÄÝ PÉA¥ÀÄ zÉÊvÀåªÁVzÉ. 
C®èzÉ EzÀÄ ªÀÄÄRåªÁV F »AzÉ £ÀªÀÄä À̧ÆAiÀÄð£ÀAvÀºÀ £ÀPÀëvÀæªÀ£ÀÄß DºÁgÀªÁV s̈ÀQë¹ F gÀÆ¥ÀªÀ£ÀÄß 
vÁ½zÉAiÉÄAzÀÄ w½zÀÄ§A¢zÉ.  

EwÛZÉUÉ CªÀUÉA¥ÀÄ zÀÆgÀzÀ±ÀðPÀzÀ°è «Që¹zÁUÀ w½zÀ «µÀAiÀÄªÉAzÀgÉ F ©¦ ¦üÃ¹AiÀÄA £ÀPÀëvÀæ¢AzÀ 
ºÉÆgÀ§AzÀ zsÀÆ¼ÀÄ C¤®UÀ½AzÀ  MAzÀÄ CwzÉÆqÀØ UÀæºÀ ªÀÄvÀÄÛ MAzÀÄ zsÀÆªÀÄPÉÃvÀÄUÀ¼À ¸ÀªÀÄÆºÀªÉÃ 
gÀÆ¦vÀªÁUÀÄwÛzÉAiÉÄAzÀÄ w½zÀÄ§A¢zÉ. F «ÃPÀëuÉAiÀÄ£ÀÄß ¹àlìgï Ȩ́àÃ¸ï zÀÆgÀzÀ±ÀðPÀªÀÇ zÀÈqsÀ¥Àr¹zÉ. 
MnÖ£À°è F £ÀPÀëvÀæªÀÅ MAzÀÄ «avÀæ DPÁ±ÀPÁAiÀÄªÁV ¥ÀæwAiÉÆAzÀÄ ºÀAvÀzÀ®Æè C£ÉÃPÀ ªÉÊ²µÀÖöåvÉAiÀÄ£ÀÄß 
«ÃQë¸ÀÄwÛzÉÝÃªÉ.  

PÉL¹9832227 
EzÀÄ MAzÀÄ ªÉÊ¯ïØ AiÀÄÄUÀ¼À £ÀPÀëvÀæ À̧ªÀÄÆºÀªÁVzÀÄÝ MAzÀ£ÉÆßAzÀÄ À̧ÄvÀÄÛwÛªÉ. EªÀÅ ¨ÉÃgÉ AiÀÄÄUÀ¼À 
£ÀPÀëvÀæUÀ¼ÀAvÉ MAzÀ£ÉÆßAzÀÄ zÀÆgÀzÀ°è®èzÉ, §ºÀÄªÀÄnÖUÉ MAzÀPÉÆÌAzÀÄ Ȩ́ÃjPÉÆAqÀAvÉ EªÉ. EªÀÅUÀ¼ÀÄ 
MAzÀ£ÉÆßAzÀÄ À̧ÄvÀÄÛªÁUÀ 11 UÀAmÉUÉ MAzÀÄ ¨ÁjAiÀÄAvÉ MAzÀgÀ ªÀÄÄAzÉ MAzÀÄ §AzÀÄ ¨sÀÆ«ÄAiÀÄ°è 
«ÃQë¸ÀÄwÛgÀÄªÀªÀjUÉ »AzÉ EgÀÄªÀ £ÀPÀëvÀæzÀ 
¥ÀæPÁ±ÀvÉAiÀÄ£ÀÄß PÀrªÉÄ ªÀiÁqÀÄwÛgÀÄvÀÛzÉ. CAzÀgÉ 
PÀuÁÚªÀÄÄZÁÑ̄ É DlzÀAvÉ MAzÀ£ÉÆßAzÀÄ 11 UÀAmÉUÉ 
MAzÀÄ¨ÁjAiÀÄAvÉ UÀæºÀt ªÀiÁqÀÄvÀÛzÉ. EªÀÅ vÀªÀÄä 
ªÁvÁªÀgÀtªÀ£ÀÄß ºÀAaPÉÆAqÀÄ §zÀÄPÀÄwÛªÉ. 
PÁ®PÀæªÉÄÃtzÀ°è EªÀÅ MAzÀ£ÉÆßAzÀÄ «°Ã£ÀUÉÆAqÀÄ 
MAzÉÃ £ÀPÀëvÀæªÁV DUÀ̧ ÀzÀ°è ¥ÀæPÁ±ÀªÀiÁ£ÀªÁzÀ 
PÉA¥ÀÄzÉÊvÀå£ÀPÀëvÀæªÁUÀÄªÀ J¯Áè ¸ÁzsÀåvÉUÀ½ªÉ.  

EzÀPÉÌ ¸ÁQëAiÀiÁV 2008gÀ°è ªÀÈ²ÑPÀ £ÀPÀëvÀæ¥ÀÄAd 

(𝑆𝑐𝑜𝑟𝑝𝑖𝑜 …)zÀ°è MAzÀÄ AiÀÄÄUÀ¼À£ÀPÀëvÀæ ªÀåªÀ Ȩ́ÜAiÀÄ£ÀÄß PÀAqÀÄ»rAiÀÄ¯Á¬ÄvÀÄ. EzÀÄ MAzÀ£ÉÆßAzÀÄ 
¥ÀæzÀQë À̧ÄvÁÛ 1.4 ¢£ÀUÀ¼À°è MAzÀÄ ¨ÁjAiÀÄAvÉ ¸ÀÄvÀÄÛwÛzÀÝªÀÅ. F PÁ®ªÀÅ PÀrªÉÄAiÀiÁUÀÄvÁÛ KPÁKQ 
¸ÉÆáÃlPÉÆÌ¼ÀUÁV 10000 ¥ÀlÄÖ ¥ÀæPÁ±ÀPÉÆÌ¼ÀUÁ¬ÄvÀÄ. vÀPÀëtªÉÃ CzÀÄ MAzÀ£ÉÆßAzÀÄ «°Ã£ÀUÉÆAqÀÄ 
MAzÀÄ ºÉÆ À̧ £ÀPÀëvÀæªÁ¬ÄvÀÄ. F C¥ÀgÀÆ¥ÀzÀ £ÉÆÃlªÉÃ ªÀiÁ£ÀªÀ£À EwºÁ À̧zÀ°è «ÃQë¹zÀ ªÉÆzÀ® 

avÀæ 2 «1309¸ÁÌ¦ð(𝑽𝟏𝟑𝟎𝟗𝑺𝒄𝒐𝒓𝒑𝒊) 
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«°Ã£ÀªÁzÀ £ÀPÀëvÀæªÁVzÉ. F £ÉÆÃlªÀÅ RUÉÆÃ¼À«eÁÕ£ÀzÀ EwºÁ À̧zÀ°è ªÉÆzÀ®Ä «ÃQë¹zÀ 
MAzÀPÉÆÌAzÀÄ À̧A¥ÀPÀðzÀ°ègÀÄªÀ AiÀÄÄUÀ¼À£ÀPÀëvÀæUÀ¼À ªÀåªÀ¸ÉÜAiÀÄÄ D vÁgÉUÀ¼À «°Ã£ÀzÀ°è 
CAvÀåUÉÆ¼ÀÄîvÀÛªÉAiÉÄAzÀÄ ¤uÁðAiÀÄPÀ ¥ÀÄgÁªÉAiÀÄÄ zÉÆgÀQzÀAvÁ¬ÄvÀÄ. F «°Ã£ÀUÉÆAqÀÄ MAnAiÀiÁzÀ 
¥ÀæPÁ±ÀªÀiÁ£ÀªÁzÀ ‘PÉA¥ÀÄ £ÉÆÃªÁ’ DV ¸ÁÌ¦ðAiÉÆÃ £ÀPÀëvÀæ¥ÀÄAdzÀ°è ‘¸ÁÌ¦ð’ JA§ ºÉ¸Àj¤AzÀ 
ºÉÆ¼ÉAiÀÄÄwÛzÉ (avÀæ 2).  

  
 

 
 
 
 
 
 
 
 
 
 

ಕ್ವಾರ್ಕ್ ಗೀತೆ  
 
ಖಿನ್ನನವಗದ್ದ ಯುವಕನಿಗೆ ಕ್ವಾಕು್ ಹೆೀಳಿತು : 
 
ಚಿಂತೆ ಬಿಡು ಗೆಲುವಾಗು ಗೆಳೆಯ  

ಬದುಕಿನ ಸಹಜವು ಅಪ್ುು ಡೌನು 
ಎಷೆ್ ಟೋ ಸಲ ಅನಿಸುವುದು ಜೋವನ ಸ್ೆ್ೋಿಂಜು  
ಏನೆೋ ಬರಲಿ ಎದುರಿಸು, ಎಲಲದೆ್ ರಳಿದೆ ಚಾರ್ುು  
ಅರಿತು ನೆ್ ೋಡಲು ತಿಳಿವೆ ಜೋವನದಲಿದೆ ಬ್ೂಟಿ  

ಕುರಿತು ಧ್ಾೂನಿಸಲು ಕಾಿಂಬುವೆ ನಿಜ ಟ್್ೂತು 
ಇದ ಸ್ಾಧಿಸಿ ನಿೋ ಪ್ಡೆ ಸದಾ  ಆನಿಂದವ ಗೆಳೆಯ   
 

- ಸಿಂಪಿಗೆ ತೆ್ ೋಿಂಟ್ದಾಯು. 
 
ಕಾಾಕುುಗಳ ಪೆಲೋವರ್ ಗಳ ನೆನೆಪಿಟ್ುಟಕೆ್ಳಳಲು ಈ ಗೋತೆ ಸಹಕಾರಿಯಾಗದೆ) 
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What is gravity? Two famous scientists, Newton and Einstein did research on how gravity works. Newton 

was the foremost of them. What Newton is explaining about gravity is that all things in the universe have 

mass. There will always be an attraction between two objects, or every mass attracts every other mass. 

The gravitational force between two object varies according to the product of their masses and inversely 

as  the square of the distance between them. That is, an object with a greater mass appears to pull a lighter 

mass to its side. The greater the distance between two masses, lesser the gravitational force between them. 

This is what, Newton concluded about gravity.  

 

Everything happened just as Newton said for a long time. The earth orbits the sun, the moon orbits earth 

and the universe itself was believed to work according to Newton’s gravity. This was accepted by 

everyone who was there then because it fits perfectly according to physics. But here come two major 

confusions : If the sun’s gravity is so strong, why didn’t earth smash into it?. The distance between  sun 

and  earth is  about 150 million kilometre, will there be a force  for such a  long  distance?.  If I kick a 

ball, there is a contact between me and the ball. So, there is a physical contact that makes the ball move. 

But what lies between the sun and the earth is a great distance. That being the case, scientists were 

gradually confused about the kind of force that caused the binding between these two objects.  

 

This is where Einstein joins! According to him,   gravity is not a force. Then, why does it happen, if there 

is no gravity? What is making it   happen, then?. Which mysterious thing causes it?. But his explanation 

for it, though not understood by any one at that time , was understood a few years later, and that discovery 

elevated him to an important scientist in the world. So, what was his discovery? Let’s see how that works! 

Our universe looks like it is empty, but in reality, it is not empty. The whole universe is like  a fabric 

sheet. That sheet combining with  4th dimension -‘time’  becomes  ‘space-time’. He says curvature in 

space –time is responsible for gravity. Let’s   take a fabric mat as an example and make a fat man sit in 

the middle of it and make   thin man sit on the edge of the mat. Now we can see that the mat bends inside 

where the fat man is, so the thin man is automatically pulled towards the fat man. The fat man neither 

exerts any force   nor   touches him,  still the thin man  is drawn towards him.   Here the    curved fabric 

mat acts as gravity which is applicable even for the entire universe. As the sun bends space-time, the earth 

is attracted towards it. The mass tells the space-time how to curve and space-time tells the mass how to 

move. Now, it is easy to tell how Einstein came to realize this! He found out this truth through several 

thought experiments. Then the  mathematical equations  also confirmed it.   

One day, Einstein was sitting in his office where a man cleaning the window of a building close by. He 

started thinking what would happen, if that person fell down. While it seems strange to us to hear this, 

Einstein describes it as the ‘happiest thought in my life’. Let’s look at the things that crossed his mind. 

Let’s lock the man who is falling from the top of the building inside a lift. Now he won’t feel any force, 

as there is no reference point. He can’t realize if he falls down or floats in space. The free  

all without any reference point is like floating in space. In both the cases, he   wouldn’t feel any 

gravitational force. So, space weightlessness is equal to free fall on earth. 

 

Let’s move to the next step! 

The eclipse photo that made   Albert Einstein famous          

Dr. Rudraswamy.B 

Professor (formerly),  Department of PhysicsBangalore University                                 
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Now, I am floating in space inside the lift and there’s a ball floating with me. A motor engine has been 

fitted onto the bottom of my lift and I started the engine   to accelerate the lift   to move upwards  at the 

rate  of 9.8 m/s2 which is 1G , the acceleration due to gravity of earth. Now what happens is that myself 

and floating ball     

 

will fall down on to the floor of the lift. I feel the same amount of gravity inside the  accelerating lift  as 

that  on earth . Whatever can be done  with the help of  gravity on earth can also be done in this accelerating 

lift. I don’t feel any difference, whether in space or on earth. So, free fall on earth is equal to free 

movement in space. Gravity on earth is equal to  9.8 m/s2 acceleration in space. That is to say, acceleration 

causes gravity. 

Now , I am in space  inside the lift and I turn off the engine and lift is made to  float  steadily in one place 

. What will happen, if I throw the ball in straight line ? It goes in a straight line. What if I , being standing  

on the floor, throw the ball in an accelerating lift , the ball  will go in a curved path and hit on the floor. 

So far, everything is going well! Now I switched from the ball to a light beam. How it will go,  if I torch  

the light  in accelerating  lift ? Does that mean, light itself  will able to bend ? Can light be bent even 

though it has no mass? Einstein says  it will bend, yes, it is possible, if there is something called  space-

time  curvature , as he claims. How do we find it ? The lift that is accelerating at just 9.8 m/s2 doesn’t have 

enough opportunity to bend light. Now, I change the acceleration from 9.8 to 98 m/s2 . According to 

Einstein's predictions, the bending  of light in acceleration lift  at 98 m/s2 is very small, equal to the size 

of the electron (2x10-10cm ). If we increase gravity or acceleration more and more, light can bend more 

and more. Well, how do  we prove this ?.The sun  has the  strongest gravity when it comes to our nearby 

things. Its gravity is 28 times stronger than earth, because its mass is 330,000 bigger. If we calculate what 

will happen in that gravity, this gravity will bend the light to 1.75 arc second, which is very small. In 

1915, Einstein published this in his general theory of relativity with equations; every one was confused 

when they saw this theory. What is this?  What he is trying to say? No one understood it at that time.  

Then four years later in 1919, Arthur Eddington, a great astronomer from England decided to set up an 

experiment to test the general theory of relativity of Einstein. They needed to confirm the actual positions 

of stars with the photograph of the same stars during the total solar eclipse. If Einstein's general theory of 

relativity is correct, the star behind the sun during a solar eclipse should be visible to us somewhere else 

because the light should bend due to gravitation and be visible to our eyes, If the apparent position of the 

stars during eclipse is shifted from the actual position, it would prove that starlight was bent by sun’s 

gravity.  Erdington was waiting for a total solar eclipse 

because the sun's brightness makes it hard to see nearby 

stars. When the day of the solar eclipse came, his team 

started taking pictures. To their surprise, the star showed up 

in the photos in the apparent position. Gravity had bent the 

light itself because space-time had been bent. Of course, 

light always travels straight and just because its path is 

curved, it bends. So the shortest path of light can be a curved 

one. It was only after this space-time evidence was 

demonstrated; that Einstein was celebrated as the greatest scientist. This thought experiment is not a 

simple one; It is the greatest thought in human history. This simply explained not only the gravity but also 

showed showed the world, how the entire universe works. This is called the “General theory of relativity”. 

That is what “space-time curvature” is. 

Photographs taken during the solar eclipse 

May 29, 1919 
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The more physicists use artificial intelligence (AI) and machine learning (ML), the more 
important it becomes for them to understand why the technology works and when it fails. 
The advent of ChatGPT, Bard, and other large language models (LLMs) has naturally 
excited everybody, including the entire physics community. There are many evolving 
questions for physicists about LLMs in particular and AI in general. What do these 
stupendous developments in large-data technology mean for physics? How can they be 
incorporated into physics? What will be the role of ML itself in the process of physics 
discovery? 

Before I explore the implications of those questions, I should point out there is no doubt that 
AI and ML will become integral parts of physics research and education. Even so, similar 
to the role of AI in human society, we do not know how this new and rapidly evolving 
technology will affect physics in the long run, just as our predecessors did not know how 
transistors or computers would affect physics when the technologies were being developed 
in the early 1950s. What we do know is that the impact of AI/ML on physics will be 
profound and ever-evolving as the technology develops. 

The impact is already being felt. Just a cursory search of Physical Review journals for 
“machine learning” in articles’ titles, abstracts, or both returned 1,456 hits since 2015 and 
only 64 for the entire period from Physical Review’s debut in 1893 to 2014! The second 
derivative of ML usage in articles is also increasing. The same search yielded 310 Physical 
Review articles in 2022 with ML in the title, abstract, or both; in the first six months of 2023, 
there are already 189 such publications. 

ML is already being used extensively in physics, which is unsurprising since physics deals 
with data that are often very large, as is the case in some high-energy physics and 
astrophysics experiments. In fact, physicists have been using some forms of ML for a long 
time, even before the term ML became popular. Neural networks—the fundamental pillars 
of AI—also have a long history in theoretical physics, as is apparent from the fact that the 
term “neural networks” appears in hundreds of Physical Review articles’ titles and abstracts 
since its first usage in 1985 in the context of models for understanding spin glasses. The 
AI/ML use of neural networks is quite different from the way neural networks appear in 
spin glass models, but the basic idea of representing a complex system using neural 
networks is shared by both cases. ML and neural networks have been woven into the fabric 
of physics going back 40 years or more. 

What has changed is the availability of very large computer clusters with huge computing 
power, which enable ML to be applied practically to many physical systems. For my field, 
condensed-matter physics, these advances mean that ML is being increasingly used to 
analyze large datasets involving materials properties and predictions. In these complex 
situations, the use of AI/ML will become a routine tool for every professional physicist, just 
like vector calculus, differential geometry, and group theory. Indeed, the use of AI/ML will  

How AI and ML Will Affect Physics 

Sankar Das Sarma 

 Distinguished Professor of Physics, University of Maryland, USA 
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soon become so widespread that we simply will not remember why it was ever a big deal. 
At that point, this opinion piece of mine will look a bit naive, much like pontifications in the 
1940s about using computers for doing physics. 

But what about deeper usage of AI/ML in physics beyond using it as an everyday tool? Can 
they help us solve deep problems of great significance? Could physicists, for example, have 
used AI/ML to come up with the Bardeen-Cooper-Schrieffer theory of superconductivity 
in 1950 if they had been available? Can AI/ML revolutionize doing theoretical physics by 
finding ideas and concepts such as the general theory of relativity or the Schrödinger 
equation? Most physicists I talk to firmly believe that this would be impossible. 
Mathematicians feel this way too. I do not know of any mathematician who believes that 
AI/ML can prove, say, Riemann’s hypothesis or Goldbach’s conjecture. I, on the other hand, 
am not so sure. All ideas are somehow deeply rooted in accumulated knowledge, and I am 
unwilling to assert that I already know what AI/ML won’t ever be able to do. After all, I 
remember the time when there was a widespread feeling that AI could never beat the great 
champions of the complex game of Go. A scholarly example is the ability of DeepMind’s 
AlphaFold to predict what structure a protein’s string of amino acids will adopt, a feat that 
was thought impossible 20 years ago. 

This brings me to my final point. Doing physics using AI/ML is happening, and it will 
become routine soon. But what about understanding the effectiveness of AI/ML and of 
LLMs in particular? If we think of an LLM as a complex system that suddenly becomes 
extremely predictive after it has trained on a huge amount of data, the natural question for 
a physicist to ask is what is the nature of that shift? Is it a true dynamical phase transition 
that occurs at some threshold training point? Or is it just the routine consequence of 
interpolations among known data, which just work empirically, sometimes even when 
extrapolated? The latter, which is what most professional statisticians seem to believe, 
involves no deep principle. But the former involves what could be called the physics of 
AI/ML and constitutes in my mind the most important intellectual question: Why does 
AI/ML work and when does it fail? Is there a phase transition at some threshold where the 
AI/ML algorithm simply predicts everything correctly? Or is the algorithm just some huge 
interpolation, which works because the amount of data being interpolated is so gigantic that 
most questions simply fall within its regime of validity? As physicists, we should not just 
be passive users of AI/ML but also dig into these questions. To paraphrase a famous quote 
from a former US president, we should not only ask what AI/ML can do for us (a lot 
actually), but also what we can do for AI/ML. 
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A team of researchers has created a laser technique to break down tough plastics into valuable 

components, offering a new, sustainable approach to tackling global plastic pollution. 

A global research team, led by Texas Engineers, has developed a laser-based method to decompose 

the molecules in plastics and other materials into their fundamental components for future reuse. The 

discovery, which involves laying these materials on top of two-dimensional materials called 

transition metal dichalcogenides and then lighting them up, has the potential to improve how we 

dispose of plastics that are nearly impossible to break down with today’s technologies. 

“By harnessing these unique reactions, we can explore new pathways for transforming environmental 

pollutants into valuable, reusable chemicals, contributing to the development of a more sustainable 

and circular economy,” said Yuebing Zheng, professor in the Cockrell School of Engineering’s 

Walker Department of Mechanical Engineering and one of the leaders on the project. “This discovery 

has significant implications for addressing environmental challenges and advancing the field of green 

chemistry.” 

The research was recently published in Nature Communications. The team includes researchers from 

the University of California, Berkeley; Tohoku University in Japan; Lawrence Berkeley National 

Laboratory; Baylor University; and The Pennsylvania State University. 

Tackling Plastic Pollution 

Plastic pollution has become a global environmental crisis, with millions of tons of plastic waste 

accumulating in landfills and oceans each year. Conventional methods of plastic degradation are often 

energy-intensive, environmentally harmful, and ineffective. The researchers envision using this new 

discovery to develop efficient plastic recycling technologies to reduce pollution. 

The researchers used low-power light to break the chemical bonding of the plastics and create new 

chemical bonds that turned the materials into luminescent carbon dots. Carbon-based nanomaterials 

are in high demand because of their many capabilities, and these dots could potentially be used as 

memory storage devices in next-generation computer devices. 

“It’s exciting to potentially take plastic that on its own may never break down and turn it into 

something useful for many different industries,” said Jingang Li, a postdoctoral student at the 

University of California, Berkeley, who started the research at UT. 

Potential for Broader Applications 

The specific reaction is called C-H activation, where carbon-hydrogen bonds in an organic molecule 

are selectively broken and transformed into a new chemical bond. In this research, the two- 

How Lasers Could Solve the World’s Plastic Problem 
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dimensional materials catalyzed this reaction that led to hydrogen molecules morphing into gas. That 

cleared the way for carbon molecules to bond with each other to form the information-storing dots. 

Further research and development are needed to optimize the light-driven C-H activation process and 

scale it up for industrial applications. However, this study represents a significant step forward in the 

quest for sustainable solutions to plastic waste management. 

The light-driven C-H activation process demonstrated in this study can be applied to many long-chain 

organic compounds, including polyethylene and surfactants commonly used in nanomaterials 

systems. 

Reference: “Light-driven C–H activation mediated by 2D transition metal dichalcogenides” by 

Jingang Li, Di Zhang, Zhongyuan Guo, Zhihan Chen, Xi Jiang, Jonathan M. Larson, Haoyue Zhu, 

Tianyi Zhang, Yuqian Gu, Brian W. Blankenship, Min Chen, Zilong Wu, Suichu Huang, Robert 

Kostecki, Andrew M. Minor, Costas P. Grigoropoulos, Deji Akinwande, Mauricio Terrones, Joan M. 

Redwing, Hao Li and Yuebing Zheng, 2 July 2024, Nature Communications. DOI: 10.1038/s41467-

024-49783-z 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A series of mirrors and prisms deflect lasers and focus them to 

perform the precise task of breaking down plastic materials into 

their fundamental components, facilitating their transformation into 

valuable, reusable chemicals. 
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ಇಿಂದು ಜಗತುು ತನನ ಪ್ರಿಸರ ಸರ್ತೆ್ ೋಲನವನುನ ಕಳೆದುಕೆ್ಳಳಳತಿುದೆ, ಸಿಂಪ್ೂರ್ು ಸ್ಾಾರ್ುದಿಂದ, ಭ್ಮಿ ತಾಯಿಯ ಕಲಿಲದದಲು ಪೆಟೆ್ೂೋಲಿಯಿಂ 

ಕಬಿಿರ್ದಿಂತಹ ಸಿಂಪ್ನ್ೂಲಗಳನುನ ಕಸಿದುಕೆ್ಳಳಳತಿುದೆ. ಇದರ ಪ್ರಿಣಾರ್ವಾಗ ನಾವು ಭ್ಕಿಂಪ್ಗಳಳ, ಆಹಾರ ರ್ತುು ಇತರ ವಿನಾಶಕಾರಿ 

ನೆೈಸಗುಕ ವಿಕೆ್ೋಪ್ಗಳನುನ ಕಾರ್ುತ ುೆೋವೆ.  ಪ್ೂಕೃತಿಯನುನ ಗೆಲುಲವ ಅರ್ವಾ ಪ್ೂಕೃತಿಯ ಶಕಿುಗಳನುನ ಬಳಸಿಕೆ್ಳಳಳವ ಬಗೆೆ ಮಾತನಾಡುವ 

ಹಕಿಿಲಲ.  ಆದರೆ ವೆೈದಕ ಋಷಿಗಳ ಸಲಹೆಗೆ ವೂತಿರಿಕುವಾಗ, ರ್ನುಷ್ೂನು ಭ್ಮಿಯನುನ ದುಬುಳಕೆ ಮಾಡಿ ಹಾಳಳಮಾಡಿದಾದನೆ, ವಿಷ್ಕಾರಿ ರ್ತುು 

ವಿಷ್ಕಾರಿ ವಸುುಗಳನುನ ಬಿಡುಗಡೆ ಮಾಡುವ ರ್್ಲಕ ಗಾಳಿ ರ್ತುು ನಿೋರನುನ ಮಾಲಿನೂಗೆ್ ಳಿಸಿದಾದನೆ.  ಎಲಲಕಿಿಂತ  ಹೆಚಾಾಗ ತನನ ಅಪ್ವಿತೂ ಪ್ದಗಳಳ 

ರ್ತುು ನಕಾರಾತೂಕ ಆಲೆ್ ೋಚನೆಗಳಿಿಂದ ಜಾಗವನುನ ಹಾಳಳಮಾಡಿದಾದನೆ.  ಕಾರರ್ ಪ್ದಗಳಳ ಪ್ರಿಣಾರ್ಕಾರಿ ಸ್ಾಧನಗಳಾಗವೆ. ಅವು 

ಪ್ವುತಗಳನ್ನ ಸಹ ಚಲಿಸಬಲಲವು. ನಿಸಗುದ ಮೋಲೆ ಪಾಿಂಡಿತೂವನುನ ಸ್ಾಾಪಿಸುವ ಅರ್ವಾ ವೆೈಯಕಿುಕ ಉನನತಿಗಾಗ ಬಳಸಿಕೆ್ಳಳಳವ ಎಲಾಲ 

ಪ್ೂಯತನಗಳಳ ವಿಫಲಗೆ್ ಳಳಳತುವೆ ರ್ತುು ಮಾರಣಾಿಂತಿಕ ಪ್ರಿಣಾರ್ದೆ್ಿಂದಗೆ ರ್ನುಷ್ೂನ ಮೋಲೆ ಹಿಮೂಟ್ುಟವುದು ನಿಶ್ಚಾತ.  ಓಝೋನ್ ಪ್ದರ, 

ಜಾಗತಿಕ ತಾಪ್ಮಾನ ಏರಿಕೆ, ಹಿಮೂಟ್ುಟತಿುರುವ ಹಿರ್ನದಗಳಳ ರ್ತುು ಕುಗುೆತಿುರುವ ನದಗಳಳ.   ಇದಕೆಿ ಕಾರರ್ಗಳಿವೆ. 

ಪ್ೂಕೃತಿ ರ್ನುಷ್ೂನ ಆಸ್ೆಗಳನುನ ಪೊರಹಿಸಲು ಮಾತೂ ಇದೆ ಆದರೆ ಅವರ ದುರಾಸ್ೆಯನಲಲ. ಇಿಂದು ರ್ನುಷ್ೂ ಪ್ೂಕೃತಿ ಯನುನ ಆಕೂಮಿ ಸಿ ಕೆ್ಳಳ ಲು 

ಹೆ್ ರಟಿದಾದನೆ. ಈ ಕಾರರ್ಗಳಿಿಂದ ರ್ತುು ಹವಾಮಾನ ಬದಲಾವಣೆಯಿಿಂದಾಗ ಭಯಾನಕ    ಭ್ಕಿಂಪ್ ದಿಂದ    ಅನೆೋಕ ಸುನಾಮಿಗಳಳ ಸಿಂಭವಿಸಿ 

ಹಿಿಂದೆಿಂದ್ ಕೆೋಳರಿಯದ ಬರಗಾಲ ಉಿಂಟಾಗ ಎಲಲರ್ ಜಲಸಮಾಧಿ ಯಾಗಬಹುದು ಎಿಂದು ಚಿಂತಕರ ಚಾವಡಿಯಲಿಲ ಜಾಗೂತೆಗೆ್ ಳಿ ಸಿದಾದರೆ. 

ಮೋಲಾಗ ಪ್ರಿಸರದ ರ್ುಿಂದೆ ವಿಜ್ಞಾನ ರ್ತುು ತಿಂತೂಜ್ಞಾನದ ಕೆ್ಡುಗೆ ಶೂನೂ ವೆಿಂದು ಶ್ಚೂೋ ಮಾತ ಅರ್ೃತಾನಿಂದರ್ಯಿ(ಅರ್ೂ) ಹೆೋಳಿದಾದರೆ. ಹಾಗಾಗ 

ಸಿಂಶೊೋಧಕರಿಗೆ ಅಚಾರಿಯ ಸಿಂಗತಿಗಳನುನ ಅನನವೆೋಷ್ಣೆ ಮಾಡುವು ದರಲಿಲ ಯೋ ಅಭಿರುಚ. ಹೆ್ ಸದೆೋಶಗಳ ಶೊೋಧನೆ, ಸ್ಾಹಸ ಜೋವನದ 

ಅಪಾಯಗಳಳ ಇಿಂರ್ ವು ವಿಜ್ಞಾನಿಗಳಿಗೆ ರೆ್ ೋಮಾಿಂಚಕ ವೆನಿಸುತುದೆ. ಆದರೆ ತಾ ಪ್ಮಾನ ತಡೆಯುವುದು ಹೆೋಗೆ  ಎಿಂಬುವುದರ ಬಗೆೆ ಸಿಂಶೊೋಧಕ ರ 

ಲಿಲ  ಉತುರವಿಲಲ. ವಿಜ್ಞಾನ ರ್ತುು ತಿಂತೂಜ್ಞಾನಕೆಿ ಕೆ್ಡುವ ರ್ಹತಾವನುನ ಪ್ೂಕೃತಿ ಸಿಂಸೃತಿ ರ್ತುು ಜೋವಿಗಳಿಗ್ ಕೆ್ಡಬೆೋಕಿದೆ. ಮಾನವನಿಮಿುತ 

ವಿದನಿಯರ್ಗಳಾದ ಸಿಂವಿದಾನ ,ಶಾಸಕಾಿಂಗ,ನಾೂಯಾಿಂಗ ಗಳಿಗೆ ಕೆ್ಡುವ ಹೆ್ ಣೆಗಾರಿಕೆಯನುನ ಪ್ೂಕುೂತಿ  ನಿಯ  ರ್ಗಳಾದ ಸಮಾನತೆ (ಎಲಾಲ 

ಜೋವಿಗಳಲ್ಲ ಇರುವವನು ಒಿಂದೆೋ ದೆೈವ), ಐಕೂತೆ (ಮಾತು ರ್ನಸು ರ್ತುು   ಕೃತಿಯಲಿಲ   ಬಹಳಷ್ುಟ  ಹೆ್ ಿಂದಾಣಿಕೆ ) ಕಾೂತಿ (ತಾೂಗ) ರ್ತುು 

ನಿಸ್ಾಾರ್ು  ತೆಯನುನ ಪಾಲಿಸಬೆೋಕು. 

 

ತಾಪ್ಮಾನ ಏರಿಕೆ ಯ ಸರ್ಸ್ೊ ರ್ತುು ನಿವುಹಣೆ ಪ್ೂತಿಯೊಬಿ ರ್ನುಷ್ೂನ ಆಸ್ೆಗಳಿಗೆ ಸಿಂಬಿಂದ ಪ್ಟ್ಟ ದಾದಗದುದ, ಪ್ೂಪ್ಿಂಚದ, ಸುಮಾರು ಎಿಂಟ್ು 

ನ್ರು ಕೆ್ೋಟಿ, ಜನರ ಹೆ್ ಣೆಗಾರಿಕೆಯಾಗರುವಿಕೆಯಲಿಲ   ಎರಡನೆೋ ಮಾತಿಲಲ. 

 

ಪ್ರಿಸರ ಸಿಂರಕ್ಷಣೆ ಹೆ್ ೋರಾಟ್ಕೆಿ 'ಹಕಿಿನಬಲ ' ವಿ ದುದ ಸಿಂವಿಧ್ಾನದಲಿಲ ಭಾರತಿೋಯರಿಗೆ ದತುವಾದ / ಕೆ್ಡುಗೆಯಾಗ ಬದುಕುವ ಹಕುಿ ಹಾಗ್ 

ಸಮಾನತೆಯ ಹಕಿಿನ ವಾೂಪಿುಯಲಿಲ ಹವಾಮಾನ ಬದಲಾವಣೆ ವಿರುದದದ ಹಕುಿ ( ಏ. ಐ.ಆರ್. 1970 SCP2042;  ಅನುಚೆೋ ದ 51(ಏ)1976) ಕ್ಡ 

ಸ್ೆೋರಿದೆ. 

 

  

 

 

        ಪರಿಸರ ಮತುು ಜವಗತಿಕ ತವಪಮವನ್ 
ಮೂತಿ್ ಎಲ್. ಸಿ. ಎಸ್ 
ಲಕಾಿಸಿಂದೂಗಾೂರ್, ನೆಲರ್ಿಂಗಲ ತಾಲ್ಕು,ಬೆಿಂಗಳೂರು ಗಾೂಮಾಿಂತರ ಜಲೆಲ,,     
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ವಿಶಾದಲಿಲನ ನಕ್ಷತೂಗಳಳ ನಿಹಾರಿಕೆ ಅರ್ವಾ ಜೆ್ೂೋತಿಮೋುಘಗಳೆಿಂದು ಕರೆಯಲುಡುವ ಭಾರಿಪ್ೂಮಾರ್ದ 

ಅನಿಲಮೋಘಗಳಿಿಂದ ಸೃಷಿಟಯಾಗುತುವೆ. ಈ ಅನಿಲಮೋಘಗಳಲಿಲ ಉಿಂಟಾಗುವ ಗುರುತಾ ಸ್ೆಳೆತ ಕೆೋಿಂದೂದಲಿಲ 
ಹೆಚಾನ ತಾಪ್ಮಾನ ರ್ತುು ಒತುಡಕೆಿ ಕಾರರ್ವಾಗುತುದೆ. ಇದು ರ್ುಿಂದೆ ಉಷ್ಣಪ್ರಮಾರ್ು ಸಿಂಯೊೋಜನಾ ಕಿೂಯಗೆ 
(Thermonuclear fusion reaction) ಕಾರರ್ವಾಗ ನಕ್ಷತೂಗಳಳ ಜನೂತಾಳಳತುವೆ.  ನಕ್ಷತೂದ ಸುತುಲಿನ ಉಳಿಕೆ ಧ್ಳಳ 
ರ್ತುು ಅನಿಲಗಳಳ ಅದರ ಸುತುಲ್ ಆಕಾಶಕಾಯಗಳನುನ ರ್ಪಿಸಲು ನಿಣಾುಯಕವಾಗುತುವೆ. ನಕ್ಷತೂಗಳ 
ಸುತುಲಿನ ಧ್ಳಳ ಕಾಬುನ್ ರ್ತುು ಕಬಿಿರ್ದಿಂತಹ ಅಿಂಶಗಳನುನ ಒಳಗೆ್ ಿಂಡಿರುತುದೆ, ಇದು ಗೂಹಗಳ 
ವೂವಸ್ೆಾಯನುನ ರ್ಪಿಸಲು ಸಹಾಯ ಮಾಡುತುದೆ. ಧ್ಳಿನ ಕರ್ಗಳಳ ಪ್ರಸುರ ಗುರುತಾಾಕಷ್ುಣೆಯಿಿಂದ 
ಆಕಷಿುಸಲುಟ್ುಟ ಧ್ಳಿನ ಸರ್ಣ ಗುಿಂಪ್ುಗಳಳ ನಿಮಾುರ್ವಾಗುತುವೆ. ಈ ಪ್ೂಕಿೂಯ ರ್ುಿಂದುವರಿದು ದೂವೂರಾಶ್ಚಯ 
ಲಭೂತೆಗನುಗುರ್ವಾಗ ನಕ್ಷತೂವಿಂದರ ಸುತು ಹಲವು ಗೂಹಗಳಳ ರ್ತಿುತರ ಆಕಾಶಕಾಯಗಳಳ ರ್ಪ್ುಗೆ್ ಳಳಳತುವೆ. 
ನಕ್ಷತೂವು ಈ ರಿೋತಿ ಸೃಷಿಟಗೆ್ ಿಂಡ ಗೂಹಗಳನುನ ತನನ ಗುರುತಾ ಶಕಿುಯಿಿಂದ ಬಿಂಧಿಸಿಡುತುದೆ. ಈ ವೂವಸ್ೆಾಯು ಒಿಂದು 
ಅರ್ವಾ ಹೆಚಾನ ಗೂಹಗಳನುನ ಒಳಗೆ್ ಿಂಡಿರಬಹುದು. ಈ ವೂವಸ್ೆಾಯಲಿಲ  ಹಲವು ಕುಬಜ ಗೂಹಗಳಳ, ಕ್ಷುದೂಗೂಹಗಳಳ, 
ನೆೈಸಗುಕ ಉಪ್ಗೂಹಗಳಳ, ಉಲೆಿಗಳಳ ರ್ತುು ಧ್ರ್ಕೆೋತುಗಳೂ ಸಹ ಸ್ೆೋರಿರಬಹುದು. ಭ್ಮಿ ಸ್ೆೋರಿದಿಂತೆ 
ಸ್ಯು ರ್ತುು ಅದರ ಸದಸೂ ಗೂಹಗಳ ಒಟಾಟರೆ ವೂವಸ್ೆಾಗೆ ಸ್ೌರವೂೂಹ ಎಿಂದು ಕರೆಯಲಾಗುತುದೆ. ಇಿಂತಹ 
ಲಕ್ಾಿಂತರ ನಕ್ಷತೂಗಳಳ ಒಟಾಟರೆ ಸ್ೆೋರಿ ಗೆಲಾಕಿಿಯೊಿಂದು ರ್ಪ್ುಗೆ್ ಳಳಳತುದೆ.  

ನರ್ೂ ಗೆಲಾಕಿಿಯಲಿಲ ಸುಮಾರು ಇನ್ನರು ಶತಕೆ್ೋಟಿ(Two hundred billion) ನಕ್ಷತೂಗಳಿವೆಯಿಂದು 
ಸ್ೆೈದಾಧಿಂತಿಕವಾಗ ಊಹಿಸಲಾಗದೆ. ಇಿಂತಹ ಗೆಲಾಕಿಿಗಳ ಸಿಂಖ್ೊಯ್ ನರ್ೂ ವಿಶಾದಲಿಲ ಇನ್ನರು 
ಶತಕೆ್ೋಟಿಯಷ್ುಟ ಇರಬಹುದೆಿಂದು ಅಿಂದಾಜಸಲಾಗದೆ. ಸ್ಯು ನರ್ೂ ಗೆಲಾಕಿಿಯಲಿಲನ ಸ್ಾಧ್ಾರರ್ 
ನಕ್ಷತೂವಾಗದುದ, ಬುಧ, ಶುಕೂ, ಭ್ಮಿ,  ರ್ಿಂಗಳ ಗುರು, ಶನಿ, ಯುರೆೋನಸ  ರ್ತುು ನೆಪ್ೂಾನ್ ಗಳೆಿಂಬ ಎಿಂಟ್ು 
ಗೂಹಗಳನುನ ಹೆ್ ಿಂದದೆ. ಸ್ಯುನನುನ ಹೆ್ ರತುಪ್ಡಿಸಿ, ಅನೂತಾರೆಗಳ ಸುತು ಸುತುು ಹಾಕುತಿುರುವ ಗೂಹಗಳನುನ 
ಬಾಹೂ ಗೂಹಗಳಳ(Exoplanets or extra solar planets) ಎಿಂದು ಕರೆಯಲಾಗದೆ.   

1996 ರಲಿಲ ಅಲೆಕಾಿಿಂಡರ್ ವೋಲಿಕಾಾನ್ ರ್ತುು ಡೆೋಲ್ ್ ಪ್ ಫ್ೊಯೋಲ್ (Alexsander Wolszczan and Dale Frail) 
ಎಿಂಬ ಖಗೆ್ ೋಳ ವಿಜ್ಞಾನಿಗಳಳ ಮೊದಲ ಬಾರಿಗೆ ಪ್ಲಾಿರ್(Pulsar) ತಾರೆಯೊಿಂದನುನ ಸುತುುತಿುರುವ ಎರಡು ಬಾಹೂ 
ಗೂಹಗಳನುನ  ಕನಾೂರಾಶ್ಚಯಲಿಲ ಪ್ತೆುಹಚಾದರು. ಡಿಡಿಯರ್ ಕಿಾಲಾಜ್ ರ್ತುು ಮಿಷೆಲ್ ಮೋಯರ್ (Didier Queloz 
and Michel Mayor) ಎಿಂಬ ಖಗೆ್ ೋಳ ವಿಜ್ಞಾನಿಗಳಳ ಮೊದಲ ಬಾರಿಗೆ ಸ್ಯುನಿಂತಹ ತಾರೆಯೊಿಂದನುನ 
ಸುತುುತಿುರುವ ಗೂಹವನುನ 1995 ರಲಿಲ ಪ್ತೆುಹಚಾದರು. 1999 ರಲಿಲ ಡೆೋವಿಡ್ ಛಾಬೆ್ ುನ್ನಯ ರ್ತುು ಗೊಗ್ ಹೆನಿೂ (David 
Charbonneau and Greg Henry)ಎಿಂಬ ವಿಜ್ಞಾನಿಗಳಳ  ಪೆಗಾಸಸ ನಕ್ಷತೂಪ್ುಿಂಜದಲಿಲನ HD 209458 ನಕ್ಷತೂದ 
ಸುತು ಬಾಹೂಗೂಹದ ಸಿಂಕೂರ್ರ್ವನುನ ಮೊದಲ ಬಾರಿಗೆ ಪ್ೂತೊೋಕವಾಗ ವಿೋಕ್ಷಿಸಿದರು. ಈ ಪ್ೂಯೊೋಗ 
ಬಾಹೂಗೂಹವಿಂದರ ವಾತಾವರರ್ದಲಿಲನ ಅನಿಲಗಳ ಪ್ತೆುಹಚುಾವಿಕೆಗೆ ನಾಿಂದಯಾಯಿತು. ಸ್ಯುನಿಗೆ  

ಬವಹ್ಯ ಗರಹ್ಗಳು [Exoplanets] 
ಡಾ. ಟಿ. ಶಿವಲಿಂಗಸ್ಾಾಮಿ 
ಪ್ರಾಧ್ರಾಪಕರು, ಸ್ರಾತಕ  ೋತತರ ಭೌತಶರಸ್ತ್ರ ವಿಭರಗ 

ಮಹರರರಣಿ ಮಹಿಳರ ವಿಜ್ಞರನ ಕರಲ ೋಜು(ಸ್ರಾಯತತ) 

ಡವ. ಬಿ.ಎ. ಕ್ವಗಲಿ 

ಕನಾುಟ್ಕ ಭೌತಶಾಸರ ಸಿಂಘ, ಬೆಿಂಗಳೂರು. 
ಪಾೂಧ್ಾೂಪ್ಕರು(ನಿ), ಬೆಿಂಗಳೂರು ವಿಶಾವಿದಾೂಲಯ 
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ಸಮಿೋಪ್ದ ನಕ್ಷತೂವಾದ ಪಾೂಕಿಿಮಾ ಸ್ೆಿಂಟಾರಿಯಲಿಲ (Proxima Centarus) 2006 ರಲಿಲ  ಬಾಹೂ ಗೂಹವಿಂದನುನ 
ಪ್ತೆು ಹಚಾಲಾಗದುದ ಅದಕೆಿ ಪಾೂಕಿಿಮಾ ಸ್ೆಿಂಟಾರಿ-ಬಿ ಎಿಂದು ಹೆಸರಿಸಲಾಗದೆ 2001 ರಲಿಲ ಜನಿವಾ 
ವಿಶಾವಿದಾೂಲಯದ ಖಗೆ್ ೋಳ ವಿಜ್ಞಾನಿಗಳಳ ಜೋವವಲಯದಲಿಲರಬಹುದಾದ (Habitable zone), ಗುರುಗೂಹಕಿಿಿಂತ 
ಗಾತೂ ರ್ತುು ದೂವೂರಾಶ್ಚಯಲಿಲ ಆರು ಪ್ಟ್ುಟ ದೆ್ ಡಡದಾದ ಬಾಹೂಗೂಹವಿಂದನುನ ಗುರುತಿಸಿದುದ, ಇದಕೆಿ HD 28185b 
ಎಿಂದು ಹೆಸರಿಡಲಾಗದೆ. 

ಸ್ಯುನಿಿಂದ 40 ಜೆ್ೂೋತಿವುಷ್ುದ ದ್ರದಲಿಲನ ಟಾೂಪಿಸಟ-1 (TRAPPIST-1) ಎಿಂಬ ನಕ್ಷತೂದ ಸುತು ಸುತುುತಿುರುವ 

ಏಳಳ ಬಾಹೂಗೂಹಗಳ ವೂವಸ್ೆಾಯನುನ 2007 ರಲಿಲ ಪ್ತೆುಹಚಾರುವುದಾಗ ಅಮೋರಿಕಾದ ಬಾಹಾೂಕಾಶ ಸಿಂಸ್ೆಾ ನಾಸ್ಾ 

ಘ್ೋಷಿಸಿದುದ, ಇದರ ಬಗೆೆ ಸಿಂಶೊೋಧನೆಗಳಳ ರ್ುಿಂದುವರೆದದೆ.ಇದುವರೆಗ್ ಸುಮಾರು ನಾಲುಿ ಸ್ಾವಿರದಷ್ುಟ 
ಬಾಹೂ ಗೂಹಗಳನುನ ವಿಜ್ಞಾನಿಗಳಳ ಗುರುತಿಸಿ ಹೆಸರಿಸಿದಾದರೆ. ಬಾಹೂ ಗೂಹಗಳನುನ ಗುರುತಿಸುವುದು ಸುಲಭದ 
ಕೆಲಸವಲಲ. ನಕ್ಷತೂಗಳ ಬೆಳಕಿನ ಭಾಗಶಃ ಬೆಳಕನುನ ಮಾತೂ ಪ್ೂತಿಫಲಿಸುವ ಹಾಗ್ ಭ್ಮಿಯಿಿಂದ ನ್ರಾರು 
ಜೆ್ೂೋತಿವುಷ್ುಗಳಷ್ುಟ ದ್ರದಲಿಲರುವ ಬಾಹೂ ಗೂಹಗಳನುನ ನೆೋರವಾಗ ಗುರುತಿಸುವುದು ಕಷ್ಟಸ್ಾಧೂವಾದರ್ 
ಅತಾೂಧುನಿಕ ತಿಂತೂಜ್ಞಾನ ವೂವಸ್ೆಾಗಳನುನ ಇತಿುೋಚನ ಬೃಹತ್ ದ್ರದಶುಕಗಳಲಿಲ ಅಳವಡಿಸಿರುವುದರಿಿಂದ ಬಾಹೂ 
ಗೂಹಗಳನುನ ಗುರುತಿಸಲು ಸ್ಾಧೂವಾಗದೆ.  

ಮೊದಲಿಗೆ ವಿಜ್ಞಾನಿಗಳಿಗೆ ನರ್ೂ ಸ್ೌರವೂೂಹದ ಗೂಹ ವೂವಸ್ೆಾಯನೆನೋ ಹೆ್ ೋಲುವ ತಾರಾ ವೂವಸ್ೆಾಗಳಳ ವಿಶಾದ ಅನೆೋಕ 
ಕಡೆ ಇರಬಹುದೆಿಂಬ ಊಹೆಯಿತಾುದರ್, ಬಾಹೂ ಗೂಹಗಳ ಅನೆಾೋಷ್ಣೆಯಿಿಂದ ಸ್ೌರವೂೂಹದ ಗೂಹ ವೂವಸ್ೆಾಯು ಈ 
ವಿಶಾದಲಿಲ ವಿಭಿನನ ಮಾತೂವಲಲ ವಿಶೆೋಷ್ವೂ ಹೌದು ಅನಿನಸತೆ್ ಡಗದೆ. ಏಕೆಿಂದರೆ ಪ್ೂತಿಯೊಿಂದು ಬಾಹೂ ಗೂಹವೂ 
ಸ್ೌರರ್ಿಂಡಲದ ಗೂಹಗಳಿಗಿಂತ ಭಿನನವಾಗವೆ. 1992 ರಲಿಲ ಪ್ೂಪ್ೂರ್ರ್ವಾಗ ನ್ೂಟಾೂನ್ ತಾರೆಯೊಿಂದರ ಸುತು 
ಪ್ತೆುಹಚಾಲುಟ್ಟ ಎರಡು ಬಾಹೂ ಗೂಹಗಳಳ ವಿಜ್ಞಾನಕೆಿೋ ವಿಸೂಯವಾಗವೆ. ನ್ೂಟಾೂನ್ ತಾರೆಗಳಳ ಸ್ಾಮಾನೂವಾಗ 
ರ್ಪ್ುಗೆ್ ಳಳಳವುದು ದೆೈತೂ ನಕ್ಷತೂವಿಂದು ರ್ಹಾನವೂವಾಗ ಪ್ರಿವತಿುತವಾಗ ಸ್ೆ್ ಫೋಟ್ಗೆ್ ಿಂಡ ನಿಂತರ. ಆದರೆ 1992 
ರಲಿಲ ಪ್ತೆುಹಚಾಲುಟ್ಟ ಎರಡು ಬಾಹೂ ಗೂಹಗಳಳ ಇಿಂತಹ ರ್ಹಾಸ್ೆ್ ಫೋಟ್ದ ಕ್ೆ್ೋಭೆಯನುನ ಮಟಿಟ ನಿಿಂತು ನ್ೂಟಾೂನ್ 
ತಾರೆಯೊಿಂದಗೆ ಗುರುತಾ ಬಿಂಧವನುನ ಉಳಿಸಿಕೆ್ಿಂಡಿದಾದದರ್ ಹೆೋಗೆ ಎಿಂಬುದೆೋ ಕೌತುಕವಾಗದೆ.  

ಬಾಹೂ ಗೂಹಗಳನುನ ಗುರುತಿಸಲು ಇತಿುೋಚೆಗೆ ಹಲವು 
ವಿಧ್ಾನಗಳಳ ಚಾಲಿುಯಲಿಲವೆಯಾದರ್ ಈ ಕೆಳಕಿಂಡ 
ರ್್ರು ರ್ುಖೂ ವಿಧ್ಾನಗಳಿಿಂದ ಬಾಹೂ ಗೂಹಗಳನುನ 
ಗುರುತಿಸಲಾಗುತುದೆ. 

ವಿಧವನ್-1: ಗರಹ್ಗಳ ಸಂಕರಮಣ 

ಗೂಹವಿಂದು ದ್ರದಶುಕ ರ್ತುು ನಕ್ಷತೂದ ನಡುವೆ 
ಬಿಂದಾಗ, ಆ ನಕ್ಷತೂದಿಂದ ಕಾರ್ಸಿಗುವ ಬೆಳಕಿನ 
ಪ್ೂಮಾರ್ವು ಕಡಿಮಯಾಗುತುದೆ. ಈ ಬೆಳಕಿನ 
ವೂತಾೂಸ ಹಾಗ್ ಸಿಂಕೂರ್ರ್ದ ಅವಧಿಯನುನ [Transitory Period] ಲೆಕಾಿಚಾರ ಹಾಕಿ ಬಾಹೂ ಗೂಹಗಳ ಅಸಿುತಾ 
ಹಾಗ್ ಅವುಗಳ ಗಾತೂವನುನ ಊಹಿಸಲಾಗುತುದೆ.  

ಚಿತರ-1: ಸಂಕರಮಣ ವಿಧವನ್ದಂದ್ ಬವಹ್ಯ ಗರಹ್ಗಳನ್ುನ ಗುರುತಿಸುವಿಕ್ೆ 
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ವಿಧವನ್-2: ತವರೆಗಳ ಓಲವಟ 

ತಾರೆಯೊಿಂದರ ಗುರುತಾ ಬಲದಿಂದ ದೆೈತೂ ಗೂಹವಿಂದು ಬಿಂಧಿಯಾಗದದರೆ, ಗೂಹದ ಅಗಾಧ ದೂವೂರಾಶ್ಚಯಿಿಂದಾಗ 
ತಾರೆಯು ಓಲಾಡಿದಿಂತೆ [Wobbling of Star] ಕಿಂಡುಬರುತುದೆ. ತಾರೆ ರ್ತುು ದೆೈತೂ ಗೂಹವು ಅವುಗಳ ನಡುವಿನ 
ದೂವೂರಾಶ್ಚಯ ಸ್ಾಮಾನೂ ಬಿಿಂದುವಿನ ಸುತು (Center of mass) ಸುತುುವುದೆೋ ಇದಕೆಿ ಕಾರರ್. ಈ ಬಿಿಂದುವು 
ನಕ್ಷತೂದ ಕೆೋಿಂದೂದಲಿಲರದ ಕಾರರ್ ನಕ್ಷತೂವು ನಡುಗುತಿುರುವಿಂತೆ ಅರ್ವಾ ಓಲಾಡುತಿುರುವಿಂತೆ ಕಿಂಡುಬರುತುದೆ. 
ಕೆಲವಿಂದು ಸ್ೌರವೂವಸ್ೆಾಗಳಲಿಲ ಈ ಓಲಾಟ್ವು ಸಾಲು ಹೆಚೆಾೋ ಇದುದ, ನಕ್ಷತೂವು ಸರ್ಣ ಅಿಂಡಾಕಾರದ ಕಕ್ೆಯಲಿಲ 
(Elliptical orbit) ಸುತುುತಿುರುವಿಂತೆ ಕಿಂಡುಬರುತುದೆ. ಇದರಿಿಂದ ನಕ್ಷತೂದ ರೆ್ ೋಹಿತದಲಿಲ ಬೆಳಕಿನ ಡಾಪ್ಲರ್ 
ಪ್ರಿಣಾರ್ದಿಂದಾಗ ಆವತು ಬದಲಾವಣೆಗಳಳ  ಕಿಂಡುಬರುತುದೆ. ಈ ವೂತಾೂಸವನುನ ಸ್ಕ್ಷಮ ಹಾಗ್ ಹೆಚಾನ 
ದಕ್ಷತೆಯ ದ್ರದಶುಕಗಳನುನ ಬಳಸಿ ಬಾಹೂ ಗೂಹಗಳ ಅಸಿುತಾವನುನ ಪ್ತೆುಹಚಾಲು ಸ್ಾಧೂ. ಚಲಿ ದೆೋಶದ ಲಾ 
ಸಿಲಾಲದಲಿಲ ಅಳವಡಿಸಿರುವ ಬೃಹತ್ ದ್ರದಶುಕವು ನಕ್ಷತೂಗಳ ರೆ್ ೋಹಿತದಲಾಲಗುವ ಇಿಂತಹ ಸ್ಕ್ಷಮ 
ವೂತಾೂಸವನುನ ಗೂಹಿಸುವ ವೂವಸ್ೆಾಯನುನ ಹೆ್ ಿಂದದೆ. 1995 ರಲಿಲ ಮಿಶೆಲ್ ಮೋಯರ್ [Michel Mayor] , ಡಿಡಿಯರ್ 
ಕಿಾಲಾಜ್ [Didier Queloz] ರ್ತುು ಅವರ ತಿಂಡ ಎಫ್ ವಗುಕೆಿ ಸ್ೆೋರಿದ ಪೆಗಸಿ-೫೧ ಎಿಂಬ ನಕ್ಷತೂದ ಓಲಾಟ್ದಿಂದ 
ಗುರುಗೂಹಕಿಿಿಂತ ಹೆಚಾನ ದೂವೂರಾಶ್ಚಯುಳಳ ದೆೈತೂ ಗೂಹವಿಂದನುನ ಅದರ ಸನಿಹದಲಿಲ ಪ್ತೆುಹಚಾದರು. ಈ ಸ್ಾಧನೆಗೆ 
ಡಿಡಿಯರ್ ಕಿಾಲಾಜ್ [Didier Queloz], ಮಿಶೆಲ್ ಮೋಯರ್ [Michel Mayor] ರವರಿಗೆ ೨೦೧೯ ನೆೋ ಇಸವಿಯ 
ಭೌತಶಾಸರದ ನೆ್ ಬೆಲ್ ಪಾರಿತೆ್ ೋಷ್ಕ ಲಭಿಸಿದೆ. ವಿಶಾವಿಜ್ಞಾನದ ಸಿದಾಧಿಂತಗಳನುನ ರ್ಿಂಡಿಸಿದ ಅಮೋರಿಕಾದ 
ಜೆೋಮ್ಸಿ ಪಿೋಬಲ್ಿ [James Peebles] ರವರಿಗ್ ಅದೆೋ ವಷ್ು ನೆ್ ಬೆಲ್ ಬಹುಮಾನ ಹಿಂಚಕೆಯಾಯಿತು. 

   

ಚಿತರ-2: 2009 ನೆೀ ಇಸವಿಯ ಭೌತಶವಸರದ್ ನೊಬೆಲ್ ಪವರಿತೊೀಷಕ ವಿಜೆೀತರು- ಡಿಡಿಯರ್ ಕ್ವಾಲವಜ್, ಮಿಶೆಲ್ ಮೀಯರ್ ಮತುು 
ಜೆೀಮ್ಸ್ ಪೀಬಲ್್ . 

ವಿಧವನ್-3: ಬೆಳಕ್ವನ್ ಸೂಕ್ಷ್ಮ ಬವಗುವಿಕ್ೆ 

ಸ್ಾವುತಿೂಕ ಸ್ಾಪೆೋಕ್ಷ ಸಿದಾಧಿಂತದನಾಯ ಹೆಚಾನ ದೂವೂರಾಶ್ಚಯ ಆಕಾಶಕಾಯವು ದೆೋಶ-ಕಾಲದಲಿಲ [Space-Time] 
ವಕೂತೆಯನುನಿಂಟ್ು ಮಾಡುತುದೆ ಹಾಗ್ ಈ ವಕೂತೆಯೋ ಗುರುತಾವೆಿಂದು ವಾೂಖ್ಾೂನಿಸಲಾಗದೆ. ವಕೂತೆಯು 
ಹೆಚಾದೆಯಿಂದರೆ, ಅದನುನಿಂಟ್ುಮಾಡಿದ ಕಾಯದ ದೂವೂರಾಶ್ಚ ಹಾಗ್ ಅದರ ಗುರುತಾವು ಹೆಚಾದೆಯಿಂದು ಅರ್ು.  
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ಬೆಳಕು ಇಿಂತಹ ವಕೂ ಸಾಳಗಳಲಿಲ ಬಾಗುತುದೆ. ಬಾಹೂ ಗೂಹಗಳ ಪ್ೂಭಾವದಿಂದ ಬೆಳಕಿನ ಈ ಬಾಗುವಿಕೆಯ 
ಪ್ೂಮಾರ್ವು ಅತೂಿಂತ ಸ್ಕ್ಷಮವಾಗದುದ ಕೆಲವು 
ಅತಾೂಧುನಿಕ ದ್ರದಶುಕಗಳಿಿಂದ ಬೆಳಕಿನ ಈ ಸ್ಕ್ಷಮ 
ಬಾಗುವಿಕೆಯನುನ ಗೂಹಿಸಿ ಬಾಹೂ ಗೂಹಗಳ 
ಇರುವಿಕೆಯನುನ ಪ್ತೆುಹಚಾಲಾಗುತುದೆ. 

ಗಾತೂ ರ್ತುು ದೂವೂರಾಶ್ಚಯಲಿಲ ಭ್ಮಿಯನುನ 
ಹೆ್ ೋಲುವ ಹಾಗ್ ತಾರೆಗಳಿಿಂದ ಜೋವದ ಆವಾಸಕೆಿ 
ಹಿತಕರವಾದ ಅಿಂತರದಲಿಲರುವ ಗೂಹಗಳ ಪ್ತೆು ರ್ತುು 
ಭ್ಮಿಯನುನ ಹೆ್ ರತುಪ್ಡಿಸಿ ಅನೂ ಹಾಗ್ ಬಾಹೂ 
ಗೂಹಗಳಲಿಲನ ಜೋವದ ಅಸಿುತಾದ ಸ್ಾಧೂತೆ ಕುರಿತಾದ 
ಸಿಂಶೊೋಧನೆಗಳಳ ಅವಿರತವಾಗ ನಡೆಯುತಿುವೆ. ಸ್ಯುನ ಗಾತೂ ರ್ತುು ಪ್ೂಖರತೆಯ ಹಲವು ನಕ್ಷತೂಗಳಲಿಲ, 
ಜೆೈವಿಕ ವಲಯದಷ್ುಟ ಅಿಂತರದಲಿಲ ಭ್ಮಿ ಗಾತೂದ ಗೂಹಗಳ ಅಸಿುತಾ ಕಿಂಡುಬಿಂದದುದ ಇಿಂತಹ ಗೂಹಗಳ ಅಧೂಯನ 
ಅನೂಗೂಹ ಜೋವಿಗಳ ಅಸಿುತಾದ ಕುತ್ಹಲವನ್ನ ಹೆಚಾಸಿವೆ.  

ಹೆಚಾನ ಬಾಹೂ ಗೂಹಗಳಳ ಪ್ತೆುಯಾದಿಂತೆ, ಈ ಕ್ೆೋತೂದಲಿಲ ಸಿಂಶೊೋಧನಾಸಕಿುಯ್ ಹೆಚುಾತಾು ಹೆ್ ೋಗುತಿುದೆ. 
ಭ್ಮಿಯ ವಾತಾವರರ್ದಲಿಲ ಜೋವಿಂತ ಸಸೂಗಳಳ ರ್ತುು ಅನೆೋಕ ರಿೋತಿಯ ಸ್ಕ್ಾಮರ್ು ಜೋವಿಗಳ 
ದುೂತಿಸಿಂಶೆಲೋಷ್ಣೆಯ ಪ್ರಿಣಾರ್ದಿಂದ(Photosynthesis) ಆರ್ಲಜನಕದ ಪ್ೂಮಾರ್ ಹೆಚಾದೆಯಿಂದು 
ಸಿಂಶೊೋಧನೆಗಳಳ ದೃಢಪ್ಡಿಸಿವೆ. ಸ್ೌರರ್ಿಂಡಲದ ಹೆ್ ರಗನ ಪ್ೂಪ್ಿಂಚಗಳಲಿಲ   ಆರ್ಲಜನಕದ ಪ್ತೆು ರ್ತುು ಅದರ 
ಪ್ೂಮಾರ್ ಹಾಗು ಜೋವಜಲದ  ಇರುವಿಕೆಯನುನ ಜೋವದ ಅಸಿುತಾದ ಸ್ಚನೆಯಾಗ ಬಳಸಬಹುದು. ಆದರ್ ಅಲು 
ಪ್ೂಮಾರ್ದ ಆರ್ಲಜನಕವನುನ ಜೆೈವಿಕವಲಲದ ವಿಧ್ಾನಗಳಿಿಂದ ಉತಾುದಸಬಹುದು. ಇದಲಲದೆ, ಒಿಂದು ಸಿಂಭಾವೂ 
ವಾಸಯೊೋಗೂ ಗೂಹವು ದ್ರದಲಿಲ ಸಿಾರವಾದ ನಕ್ಷತೂವನುನ ಸುತುಬೆೋಕು. ಇಲಲವಾದಲಿಲ ದೂವರ್ಪ್ದ ನಿೋರಿನ ಸಿಾರತೆ 
ಸ್ಾಧೂವಾಗುವುದಲಲ. ಅಿಂತಹ ಬಾಹೂ ಗೂಹದಲಿಲ ಜೋವದ ಅಸಿುತಾವನ್ನ ಅಲಲಗಳೆಯುವಿಂತಿಲಲ. 

ಏಪಿೂಲ್ ಇಪ್ುತಾನಲುಿ, 1990 ರಲಿಲ ವಿಶಾದ ಸೃಷಿಟ ರಹಸೂಗಳನುನ ತಿಳಿಯಲು ಹಾರಿಬಿಟ್ಟ ನಾಸ್ಾದ ಹಬಲ್ 
ದ್ರದಶುಕ  ಕಳೆದ ರ್್ರು ದಶಕಗಳಿಿಂದ ಬಾಹಾೂಕಾಶ ಅಧೂಯನದಲಿಲ ನಿರತವಾಗದುದ, ಇದರ ಕಾಲಘಟ್ಟ 
ಅಿಂತಿರ್ ಹಿಂತ ತಲುಪಿದೆ. ಬಾಹಾೂಕಾಶದಲಿಲ ಹಬಲ್ ಸ್ಾಾನವನುನ 
ಡಿಸ್ೆಿಂಬರ್ ೨೫, ೨೦೨೧ ರಿಂದು ನಭಕೆಿ ಚರ್ೂಲುಟ್ಟ  ಜೆೋಮ್ಸಿ ವೆಬ್ ಸ್ೆುೋಸ 
ಟೆಲಿಸ್ೆ್ ಿೋಪ್(James Webb Space Telescope) ತುಿಂಬಲಿದೆ. 

 

ಆಧುನಿಕ ಖಗೆ್ ೋಳಶಾಸರದ ಅತೂಿಂತ ಪ್ರಿಣಾರ್ಕಾರಿ ಬಾಹಾೂಕಾಶ 
ದ್ರದಶುಕ ಯಿಂತೂ ಎಿಂದೆೋ ಪ್ರಿಗಣಿಸಲಾಗರುವ ನಾಸ್ಾದ 
ಜೆೋಮ್ಸಿ ವೆಬ್ ಸ್ೆುೋಸ ಟೆಲಿಸ್ೆ್ ಿೋಪ್, ಬೂಹಾೂಿಂಡದ ಅನೆೋಕ 
ಅಚಾರಿಗಳಿಗೆ ಕನನಡಿ ಹಿಡಿಯುವ ಸ್ಾಧೂತೆಯಿದೆ. ನಾಸ್ಾದ ಈ 

ಚಿತರ-3: ಗುರುತಾದಂದ್ ಬೆಳಕ್ವನ್ ಬವಗುವಿಕ್ೆ 

        ಚಿತರ-4: ಜೆೀಮ್ಸ್ ವೆಬ್ ಬವಹವಯಕ್ವಶ ದ್ೂರದ್ಶ್ಕ 
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ಶಕಿುಶಾಲಿ ದ್ರದಶುಕವು ಭ್ಮಿಗೆ ಕಳಳಹಿಸಿದ ಮಾಹಿತಿ ರ್ತುು ಹಲವು  ಚತೂಗಳಳ  ಹಲವು ಅಚಾರಿಯ 
ಸಿಂಗತಿಗಳನುನ ಬೆಳಕಿಗೆ ತರುತಿುವೆ. ಈ ದ್ರದಶುಕ  ಜುಲೆೈ 12, 2022 ರಿಂದು ಭ್ಮಿಗೆ ಒಿಂದಷ್ುಟ ಚತೂಗಳನುನ 
ಕಳಳಹಿಸಿದುದ, ಆ ಚತೂಗಳಳ ಹಲವು ಅಚಾರಿಯ ಮಾಹಿತಿಗಳನುನ ನಿೋಡುತಿುವೆ. 

ಭ್ಮಿಯಿಿಂದ ಸುಮಾರು ಒಿಂದು ಸ್ಾವಿರ ಜೆ್ೂೋತಿವುಷ್ು(ಬೆಳಕು ಪ್ೂತಿ ಸ್ೆಕೆಿಂಡಿಗೆ 3 ಲಕ್ಷ ಕಿಲೆ್ ೋಮಿೋಟ್ರ್ 
ವೆೋಗದಲಿಲ ) ದ್ರದಲಿಲ ಗೂಹವಿಂದದುದ, ಆ ಗೂಹದಲಿಲ ನಿೋರಿರುವ ಸುಳಿವನುನ   ಜೆೋಮ್ಸಿ ವೆಬ್ ಸ್ೆುೋಸ 
ದ್ರದಶುಕದಲಿಲನ ಅವಗೆಿಂಪ್ು ಸಮಿೋಪ್ ಸಿಂವೆೋದ ಯಿಂತೂವು ಪ್ತೆುಹಚಾದೆ. ಈ ಬಾಹೂಗೂಹಕೆಿ WASP 96-b 
ಎಿಂದು ಹೆಸರಿಸಲಾಗದೆ. ಇದೆ್ ಿಂದು ದೆ್ ಡಡ ಗಾತೂದ ಅನಿಲ ಗೂಹವಾಗದುದ ಇದರ ಆಳದ ವಾತಾವರರ್ದ 
ಉಷ್ಣತೆಯು ಸುಮಾರು 725 ಡಿಗೂ ಸ್ೆಲಿಿಯಸ ಇರಬಹುದೆಿಂದು ಅಿಂದಾಜಸಲಾಗದುದ ಜೋವಗಳ ಆವಾಸನಕೆಿ 
ಯೊೋಗೂವಾದುದದಲಲ ಎಿಂದು  ನಾಸ್ಾ ತಿಳಿಸಿದೆ.  

ರ್ುಿಂದನ ಇಪ್ುತುು ವಷ್ುಗಳಲಿಲ  ಜೆೋಮ್ಸಿ ವೆಬ್ ಸ್ೆುೋಸ 
ದ್ರದಶುಕಕಿಿಿಂತ ಹತುು ಹಲವು ಪ್ಟ್ುಟ ಶಕಿುಶಾಲಿಯಾದ 
ಬಾಹಾೂಕಾಶ ದ್ರದಶುಕಗಳನುನ ನಭಕೆಿ ಹಾರಿಬಿಡಲು 
ಯ್ರೆ್ ೋಪಿಯನ್ ಬಾಹಾೂಕಾಶ ಸಿಂಸ್ೆಾ ರ್ತುು ನಾಸ್ಾ ಜಿಂಟಿಯಾಗ 
ಯೊೋಜನೆಗಳನುನ ರ್ಪಿಸಿವೆ. ಈ ಯೊೋಜನೆಗಳಳ 
ಸ್ಾಕಾರಗೆ್ ಿಂಡಲಿಲ ಇನನಷ್ುಟ ಬಾಹೂ ಗೂಹಗಳಳ ರ್ತುು ಅವುಗಳ 
ಬಗೆಗನ ನರ್ೂ ತಿಳಳವಳಿಕೆ ಹೆಚುಾವುದರಲಿಲ ಸಿಂದೆೋಹವಿಲಲ. 

 

ಪರವಮರ್ಶ್ತ ಆಕರಗಳು  

1. www.nasa.gov 
2. www.eso.org 
3. www.wikipedia.org  

 
 
 
 
 
 
 
 
 
 

ಚಿತರ-5: WASP 96-b ಬವಹ್ಯಗರಹ್ 

http://www.nasa.gov/
http://www.eso.org/
http://www.wikipedia.org/
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Title of the experiment: To determine the Poisson ratio of a rubber tube 

Abstract: When a force is applied on a material it produces a stress in the material, which leads 

to its deformation and creates a strain in the material. Elasticity is one of the properties of the 

material which tells us about the ability of the material to return to its original state on the removal 

of the deforming forces. 

This experiment is about determining a constant, the Poisson ratio which is a required constant in 

engineering analysis. Poisson ratio is defined as the ratio of lateral strain to longitudinal strain, 

under the limit of elasticity. It tells about the deformation of an object, perpendicular to the 

direction of loading. 

In this experimental setup we will determine the Poisson ratio 𝜎 of a cycle rubber tube. When 

some weight is hung on the rubber tube, the length of the tube increases and its diameter decreases 

(the negative sign in the formula accounts for this). 

Hence the Poisson’s ratio for the tube is given by 

𝜟𝑫 
 𝑫  
𝜟𝑳 
𝑳 

where D = diameter of the tube and ΔD = decrease in diameter 

L = length of the tube and ΔL = increase in length 

 

But it was seen that when the tube was subjected to a certain load, the diameter of the rubber tube 

was different at different points across the length of the tube. So, it was not possible to find the 

Poisson’s ratio using the above formula. Hence, another unique method was devised to calculate 

this ratio. In this method, the change in internal volume of the rubber tube was measured by filling 

it with water. Unique arrangements were made to measure the change in this volume of water when 

the tube was stretched under some load. 

Thus, the formula used for calculating the Poisson’s ratio of the tube was 

𝜎 = 
1 

(1 − 
1 𝑑𝑉

) 
2 𝑎 𝑑𝐿 

where 
𝑑𝑉 

= change in the volume of the water in the tube with its length 
𝑑𝐿 

a = initial area of cross section of the tube 

The change in the internal volume of any hollow cylindrical tube is closely related to the change 

in the volume of a solid cylindrical tube of similar dimensions. Moreover, we know that thermal 

expansion for a hollow cylinder matches that of a solid cylinder of similar dimensions. Keeping 

these in mind, the change in the internal volume of water was taken to be equal to the change in 

the volume of the hollow rubber tube in the experiment within the limits of error. 

 

𝜎 = 
− 

  The following is an example of innovative Physics experiments that have won prizes 

by IAPT in recent years 

 Anubhav Awasthi, Shiksha Sopan, 12/1-3, Sopan Ashram, Nankari, IIT, Kanpur 
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Experimental Setup 

The experimental setup is shown in the image below. A cycle tube is fixed vertically in a wooden 

block as shown. The upper end of the tube is used as an inlet for water. The water pipe going into 

this upper end is tightly sealed so that there is no leakage. The other end of the rubber tube is closed 

and attached to a hook to hang the weights. But there is a provision of opening the tube at this end 
 

 

 

The rubber tube with inlets is fitted in a wooden block and the whole setup is hung on a stand as 

shown in the image. A meter scale is also fitted with the setup to measure the increase in the length 

of the rubber tube. The increase in the length of the rubber tube is measured with this scale The 

diameter is measured with the help of Vernier Calliper but based on prior trial of this experiment, 

it is seen that the diameter of the rubber tube is different at different points across the length of the 

tube. So, calculating the change in volume of the rubber tube in this way is not too reliable. 

Therefore, a new technique is devised for measuring the change in volume. 

A cylindrical plastic box of uniform diameter is connected to the inlet in the rubber tube via a tube 

(I.V. infusion set tube). In the setup, the cylindrical box is a 40-ml syringe which is used after 

removing its piston. This box is fitted on the wall at a height larger than that of the stand with a 

scale behind it. The tube is filled with water by pouring water in the plastic box. 

Now, if the volume of the rubber tube increases, the level of the water in the plastic box will 

decrease and the height through which the water level is decreased, can be measured with the help 

of the scale behind the box. Further, by measuring the diameter of the box, the change in volume 

of the water can be measured. This method of measurement of the change in volume of the tube is 

comparatively more reliable. 

Plastic 

cylindrical box 

scal
e 

Rubber 

tube (filled 

with water) 

indicator 
weight
s 

stan
d 
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Experimental Procedure 

Initial measurements are made without hanging any load on the tube. Water is filled in the box and 

the tube is completely filled with water from the inlet provided on its clamped end. While filling 

the water, we have to ensure that the air bubbles should not be there in the tube. The air bubbles, 

if any, can be released from the other opening and after that the tube is closed from this end. 

Now, the weights are hung on the free end of the tube on the hook provided, one by one. And for 

each load, we measure the length of the rubber tube and the corresponding change in the water 

level in plastic box. The change in the water level in the box is a measure of the change in the 

internal volume of the tube. 

Further, for measuring the variation of cross-sectional area along the length of the rubber tube, the 

diameter of the rubber tube is also measured at different lengths from the clamped end, with the 

help of Vernier Calliper. The diameter of the plastic box can also be measured with the help of 

Vernier Calliper. 

Measurements with used cycle tube 

Change in volume and the corresponding change in length were noted for different weights on the 

rubber tube. Further, a graph was plotted between the change in volume and the change in length 

and making a linear fit. The initial diameter of the tube was measured using the Vernier Callipers 

and the area of cross section of the rubber tube calculated. 

The diameter of the plastic cylindrical box = 4.28 cm, 

the radius of the cylindrical box = 2.14 cm 

the cross-sectional area of this box = 14.38 cm2. 

Initial length of the rubber tube = 50.2 cm. 

Average radius of the rubber tube (using Vernier Calliper) = 1.52 cm, 

the cross-sectional area of the tube = 3.14*(1.52)2 cm2 = 7.25 cm2 

The change in inner volume of the rubber on hanging some weight = volume of the water decreased 

in the plastic box. 

Observation tables 

Table for the measurement of the diameter of the (used) cycle tube with and without load - 
 

length from the fixed end Diameter (without load) Diameter with 2 Kg load 

10 3 2.8 

20 3.08 2.8 

30 3.01 2.85 

40 3 2.87 

50 3.1 2.9 

Average diameter --> 2.74 2.72 

Average radius --> 1.37 1.36 

Area of cross section--> 5.90 5.81 
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Graph-1 

 

 

 

 

 

 

 

 

 

 

 
 

 

The plot of the cross-sectional diameter with the corresponding length of the rubber tube is shown 

below. 

It can be seen from the graph, initially the cross-sectional diameter decreases and after certain 

length it increases continuously along the length of the tube. Since the rubber tube is clamped at 

one end, the tension at different points along the tube will be different and it would be largest near 

the clamped edge. Another thing affecting the diameter is the pressure of the water column inside 

the tube. The pressure increases as we go down along the length of the tube. Here the two effects 

are competing with each other. In the upper part of the tube the decrease in the diameter shows 

that the tension effect is dominating. 

 

Further, as we go down the pressure due to water column increases and at certain length it 

dominates the effect due to tension that is why there is an increment in the diameter of the tube 

and it increases continuously as we go down because the pressure is increasing continuously 

which, ultimately, results in a larger force applied in perpendicular direction of the inner surface 

of the tube. 

 

Table for the measurement of change in length and volume of the rubber tube 
 

Weight (in kg) Length L of the tube 

(in cm) 

Change in the 

length of the 

rubber tube ΔL = 

L – 50.2 

Decreased level of 

the water in plastic 

cylindrical box ( in 

cm) 

Volume of the 

water decreased in 

the box ΔV ( in 

cm^3) 

0 50.2 0.0 0 0 

1.02 51.2 1.0 2 2.876 

2.32 52.9 2.7 4 5.752 

3.74 55 4.8 5.5 7.909 

5.19 57.2 7.0 7.5 10.785 

Variation of the diameter along the length of the tube 

2.92 

2.9 

2.88 

2.86 

2.84 
For 5.19 Kg load 

2.82 

2.8 

2.78 

0 10 20 30 40 50 60 

Distance from the clamped end along its length (in cm) 

D
ia

m
e

te
r 

o
f 

ru
b

b
e

r 
tu

b
e

 (
in

 c
m

) 



32  

Graph – 2 

 

 

 

 

 

 

 

 

 

 

 
The plot of the graph between the length of the rubber tube with the corresponding volume is 

shown below. The curve is not linear because we are not seeing the actual contraction in the tube 
 

 

on the application of the force. Somehow, we are restricting the tube to compress in by filling 

the water. In fact, we are measuring the resultant increment in volume in presence of the effects 

discussed in the explaination of the ‘graph 1’. 

Still, we can calculate an approximate value of Poisson ratio by fitting the line in above curve 

showing the variation of dV with dl. 

The slope of the fitted line is = 1.2824 

Therefore, 𝑑𝑉 ~1.28 
𝑑𝑙 

Now, using the formula for Poisson Ratio, 

 
𝜎 = 

1 1 
 (1 − 

2 𝑎 

𝑑𝑉 
∗ ) 

𝑑𝑙 

Where, a is the initial cross-sectional area of the rubber tube and 𝑑𝑉 
𝑑𝑙 

is the slope of dL vs dV graph. 

 

𝜎 = 0.5 (1 − 
1 

 
 

7.25 

 

∗ 1.28)

 𝝈 = 𝟎. 𝟒𝟏 

dV vs dl graph 
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 Conclusion 

The value of Poisson ratio shows, how the lateral strain and longitudinal strain are connected. If the value 

of Poisson ratio, for a certain material, is 0.5 then it indicates that the change in the parameters of the 

material perpendicular to the direction of the force applied is half of that occurred in the direction of the force. 

In our experiment, the value of the rubber tube came out to be less than 0.5. It means that when the force is 

applied to the rubber tube in axial direction, and its length is, let's say, changed by 5% of the initial length 

then, its diameter will be changed by less than 2.5% of the initial diameter. 

In this way, the Poisson ratio gives a lot of information about, how the material would behave on the 

application of the force. 

The experiment was repeated for different kinds of rubber tubes. For the cycle wheel tubes, it is lying 

between 0-0.5, while for another one, which is usually used with water pump, was showing no change in 

volume on hanging the load on its free end. This means that the Poisson ratio for the different kinds of 

rubbers would be different. Some of them may show the change in volume with the application of a force 

in certain direction (here, the axial direction of the tube), while others may not. 
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  Online talks held from May to July 2024 

  


