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From the Editors

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 Al 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.
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ERWIN SCHRODINGER - Father of Wave Mechanics

B A Kagali

Professor of Physics (retd.)
Bangalore Universi

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, Schrodinger joined the University of Vienna, where he mainly focused on the theoretical
physics courses given by Friedrich Hasenohrl, a student and successor of Boltzmann. Hasendhrl

delivered an extensive series of lectures on various fields of theoretical physics.
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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, Schrodinger 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.
Schrodinger 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, Schrodinger 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, Schrédinger 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,
Schrédinger 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
Schrodinger'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, Schrodinger 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
guantum 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:
miW=HW
ot

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, Schrodinger published his revolutionary work in a series of papers. Schrédinger's wave
equation provided the second theoretical explanation for the movement of electrons in an atom, the
first being Werner Heisenberg's matrix mechanics. Schrédinger'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, Schrédinger 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!

Schrédinger joined Berlin University on October 1, 1927, I
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.

Schroingr at Solvay conference
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




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, Schrodinger 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, Schrédinger, along with
his family, returned to Oxford. Unfortunately, Lindemann and others who had previously welcomed
the Schrddingers were no longer ready to receive them again. The Schrédingers were now classed as
enemy aliens.




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




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 eclipse photo that made Albert Einstein famous

Dr. Rudraswamy.B
Professor (formerly), Department of Physic

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 | 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 4" 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! 15




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 | started the engine to accelerate the lift to move upwards at the
rate of 9.8 m/s?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. | 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/s®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 | throw the ball in straight line ? It goes in a straight line. What if | , 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 | switched from the ball to a light beam. How it will go, if | 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/s? doesn’t have
enough opportunity to bend light. Now, | change the acceleration from 9.8 to 98 m/s?. According to
Einstein's predictions, the bending of light in acceleration lift at 98 m/s?is very small, equal to the size
of the electron (2x10™%m ). 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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How Al and ML Will Affect Physics

Sankar Das Sarma
Distinguished Professor of Physics, Universi

The more physicists use artificial intelligence (Al) 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 Al 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
Al and ML will become integral parts of physics research and education. Even so, similar
to the role of Al 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 Al—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 wj}l




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 Schrodinger
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 Al 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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How Lasers Could Solve the World’s Plastic Problens

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-
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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, Yugian 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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The black holes of nature are the
most perfect macroscopic objects
there are in the universe: the only
elements in their construction are

our concepts of space and time.

— Subrahmanyan Chandrasekhar, —
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The following is an example of innovative Physics experiments that have

by IAPT in recent years
Anubhav Awasthi, Shiksha Sopan, 12/1-3, Sopan Ashrass

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 o 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

AD
— _D
0= 7
L

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

L = length of the tube and AL = 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

1 1dV
o=_(1-_-)
2 a dL

dv : . o
where __ = 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.
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Deriving Poisson’s ratio from theory

Consider the initial length of the rubber tube to be L, the internal diameter D, area of cross section

a and the volume i1s V.
V=al

Hence,
dV = adlL + Lda

Since, the initial area of cross section is

_
==
therefore,
e m.2D = 27tDde 3 ZadD
=72 ~ap T

Now, using this value of da, we can write

dD
dV =ad + L 2a—

D
dividing both sides by adL,
1dVv e dD L
adl- " t¢Da
1 /dV —
=N SDA
a (dL) L dL
L
dp
(Taking the Poisson’s ratio 0 = — 7DL— ) , we have
75
1 (dV) 1>
a\dL) 2
therefore,
1 1 dv
= ()

This is the required formula to calculate the Poisson ratio.

1)

28




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

Plastic
cylindrical box —> |z

=1 Rubber
<scal =RNype (filled
-] with water)

l weight
indicator/‘ é g

stan

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.
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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 cm?,
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)? cm? = 7.25 cm?
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

Variation of the diameter along the length of the tube
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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| Change in the Decreased level of Volume of the
(incm) length of the the water in plastic | water decreased in
rubber tube AL = | cylindrical box (in the box AV (in
L -50.2 cm) 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 55 7.909
5.19 57.2 7.0 7.5 10.785
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Graph-2
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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, Z_‘l’~1.28

Now, using the formula for Poisson Ratio,

1 1 dv
2 a dl

Where, a is the initial cross-sectional area of the rubber tube and ddll is the slope of dL vs dV graph.

1
= 05(1— 1.28
7 (1 =755+128)

o= 0.41
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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.

References

= https://vlab.amrita.edu/?sub=77&brch=299&sim=1681&cnt=1

= R.K. Agrawal, Mechanics &Wave Motion, KRISHNA Prakashan Media (P) Ltd, 2014

greatest invention.

Subrahmanyan Chandrasekhar
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