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From the Editors

The much-awaited Nobel Prize in physics for the year 2024 was announced on October 9 in
Sweden. Two scientists — one American and another Canadian were jointly awarded this year’s
prize for their contributions to the development of Artificial Intelligence based on physical
principles. We have a brief report on the award as stated by the Nobel prize Committee in their
press release.

Two articles, giving an account of the application of Al in various contexts including that in
physics teaching follow the press release. Werner Heisenberg is well known as one of the founders
of modern quantum mechanics in the third decade of the last century. In particular, his discovery
of the uncertainty principle for conjugate variables forms a cornerstone of quantum mechanics. An
article about that finds a place next.

Nowadays, the unusual properties of entanglement and superposition of quantum states have been
exploited in developing new applications called quantum technologies. A brief description of such
technologies is given in the next article. While drones play ever-increasing roles in our lives we
don’t know much about their design and working. There is an article about the basic physical
principles that play a role in the working of drones is given in the next article- leaving out the
technologies that go with the principles.

We are all concerned and affected by the increasing levels of air, water and pollution that are
happening due to various reasons — mostly man-made—everywhere. The next article tells us about
some measures taken by our governments to address them. As we are keen to introduce Kannada
in higher education, but lacking in resources besides facing practical problems, the next article
discusses Fluid bynamic principles in Kannada. It is high time that our educationists seriously

think about introducing Indian languages in higher education in the interest of effective
communication between students and teachers. Self-reliance in science ultimately means using
native languages in education! There are two interesting articles on astrophysical topics — runaway
stars and the James Webb space telescope in Kannada. There is a need to introduce more
astrophysical topics in our school and college curricula as that subject is developing fast with the
availability of advanced technologies.

Innovative experiments are needed at school and college levels for students. Two, really low-cost,
innovative experiments that can be performed in colleges are described in this issue.

Our regular features like the webinars held and academic activities of KPA members (from
September 21 to the end of October) are listed in this newsletter.

We appeal to KPA members to contribute articles, anecdotes, innovative experiments as well as
any other write-ups that may interest physics students and teachers for the forthcoming issues.

The editors thank Mrs. Muktha B. Kagali for designing the newsletter, free of cost, at a short
notice.
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The Nobel Prize in Physics 2024

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Physics 2024 to
John J Hopfield (Princeton University, USA) and Geoffrey E Hinton (University of Toronto,
Canada). This year’s two Nobel Laureates in Physics have used tools from physics to develop methods
that are the foundation of today’s powerful machine learning.

John Hopfield created an associative memory that can store and reconstruct images and other types of
patterns in data. Geoffrey Hinton invented a method that can autonomously find properties in data, and
perform tasks such as identifying specific elements in pictures. We often mean machine learning using
artificial neural networks when discussing artificial intelligence. The structure of the brain originally
inspired this technology. In an artificial neural network, the brain’s neurons are represented by nodes
that have different values. These nodes influence each other through connections that can be likened
to synapses and which can be made stronger or weaker. The network is trained, for example by
developing stronger connections between nodes with simultaneously high values.

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

John Hopfield invented a network that uses a method for saving and recreating patterns. We can
imagine the nodes as pixels. The Hopfield network utilises physics that describes a material’s
characteristics due to its atomic spin — a property that makes each atom a tiny magnet. The network as
a whole is described in a manner equivalent to the energy in the spin system found in physics and is
trained by finding values for the connections between the nodes so that the saved images have low
energy. When the Hopfield network is fed a distorted or incomplete image, it methodically works
through the nodes and updates their values so the network’s energy falls. The network thus works
stepwise to find the saved image that is most like the imperfect one it was fed with.

Geoffrey Hinton used the Hopfield network as the foundation for a new network that uses a different
method: the Boltzmann machine. This can learn to recognise characteristic elements in a given type of
data. Hinton used tools from statistical physics, the science of systems built from many similar
components. The machine is trained by feeding it examples that are very likely to arise when the
machine is run. The Boltzmann machine can be used to classify images or create new examples of the
type of pattern on which it was trained. Hinton has built upon this work, helping initiate the current
explosive development of machine learning.

“The laureates’ work has already been of the greatest benefit. In physics we use artificial neural
networks in a vast range of areas, such as developing new materials with specific properties,” says
Ellen Moons, Chair of the Nobel Committee for Physics.

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

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




Application of Al and machine learning to different areas of physics

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

1. Data Analysis

o Pattern Recognition: ML algorithms can identify patterns in large datasets, such as those from
particle accelerators or astrophysical observations.

« Anomaly Detection: In high-energy physics, Al can help identify rare events, like potential
signs of new particles, by distinguishing them from background noise.

2. Simulation and Modelling

e Surrogate Models: ML can create approximations of complex physical models, allowing faster
simulations, which is particularly useful in areas like fluid dynamics and cosmology.

o Generative Models: These can be used to simulate physical systems, enabling researchers to
generate realistic data for training models.

3. Experimental Design

o Optimization: Al can optimize experimental setups and parameters, improving the efficiency
of experiments and reducing costs.

o Automated Data Collection: Machine learning can streamline data acquisition processes,
allowing for real-time analysis and adaptive experiments.

4. Theoretical Physics

« Pattern Discovery: Al can assist in uncovering new theoretical models by analysing existing
data and exploring relationships that might not be immediately evident.

o Symbolic Regression: This method can help find underlying equations governing physical
phenomena from data without requiring pre-defined models.

5. Astrophysics and Cosmology

e Image Analysis: Deep learning techniques are used to process and analyse images from
telescopes, such as identifying celestial bodies or classifying galaxy types.

o Gravitational Wave Detection: Machine learning plays a key role in the analysis of signals
from gravitational waves, helping to filter noise and improve detection rates.

o Galaxy Classification: Deep learning models analyze images from telescopes to classify
galaxies based on morphology, significantly speeding up the process compared to manual
classification.

6. Quantum Computing

e Quantum Machine Learning: Exploring how quantum algorithms can enhance machine
learning tasks, potentially leading to breakthroughs in optimization and simulation.

o Quantum State Recognition: Al methods help in identifying quantum states and optimizing
quantum circuits, enhancing the performance of quantum computers.

e Quantum Error Correction: Machine learning algorithms assist in detecting and correcting
errors in quantum computations.

7. Interdisciplinary Applications

o Material Science: Al is used to predict the properties of new materials, aiding in the discovery
of superconductors and other advanced materials.

« Biophysics: ML techniques help analyze complex biological data, such as protein folding and
interactions.




8. Particle Physics

e Large Hadron Collider (LHC): Machine learning algorithms are used to analyse collision
data, classify events, and identify rare particle interactions (e.g., Higgs boson detection).

o Anomaly Detection: Techniques like neural networks help identify unexpected events in vast
datasets, improving the chances of discovering new physics.

9. Condensed Matter Physics

o Material Discovery: ML algorithms predict the properties of new materials by analysing
datasets of known compounds, aiding in the search for superconductors and other advanced
materials.

e Phase Transition Analysis: Al techniques can identify phase transitions in materials by
analysing temperature and pressure data.

10. Plasma Physics

o Plasma Turbulence Prediction: Machine learning models can forecast turbulent behaviour in
plasma confinement devices, improving control strategies for fusion reactors

11. Computational Physics

« Simulating Complex Systems: Surrogate models, built with machine learning, can replace
expensive simulations in fields like fluid dynamics, allowing for faster computational analyses.

o Real-Time Data Analysis: In experiments, Al can analyse data streams in real time, allowing
for adaptive experimental designs.

12. Biophysics

e Protein Folding: Machine learning models, such as AlphaFold, have made significant
advancements in predicting protein structures, which is critical for understanding biological
processes.

13. Geophysics

o Seismic Data Analysis: ML techniques help interpret seismic data for earthquake prediction
and oil exploration, enhancing the understanding of geological structures.

14. Environmental Physics

o Climate Modelling: Al is used to improve climate models by identifying patterns in climate
data and predicting future climate scenarios.

15. Optics and Photonics

o Image Analysis: Deep learning techniques are employed to analyse optical data, improving the
identification and classification of various optical phenomena.
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Revolutionizing Physics Education: How Al is Changing the Game

Physical Sciences Consortium, Lucknow, UP

Physics education is essential in helping students understand the fundamental principles of the
universe. It is a fascinating subject that forms the backbone of many scientific fields. However, learning
physics can be challenging, and traditional classroom teaching methods may not always be effective
in helping students fully understand complex concepts. This is where Artificial Intelligence (Al) comes
in.

Al is transforming the way we learn and understand physics. Al-based tools are now being used to
improve the learning experience for students, making it more personalized, interactive, and engaging.
From simulations and virtual laboratories to personalized learning plans, Al-based tools are
revolutionizing physics education.

In this article, we will explore how Al is changing the game in physics education. We will discuss the
limitations of traditional teaching methods, the benefits of Al-based learning tools, and the future of
physics education with Al.

The traditional approach to physics education

The traditional approach to physics education has been used for many years, and while it has some
advantages, it has several limitations. Lectures and textbooks may not be enough to engage students
and help them understand complex concepts. Here are some of the challenges that students face while
learning physics using traditional methods:

1. Passive learning: Traditional classroom lectures often involve one-way communication,
where students are expected to listen and take notes. This passive learning style can be
unengaging, and students may struggle to stay focused.

2. Lack of personalization: Students have different learning styles and paces, and traditional
teaching methods may not cater to these individual needs. This can lead to a lack of
engagement and understanding of the material.

3. Limited opportunities for experimentation: Physics involves practical experimentation,
but traditional teaching methods often limit this experience. This can make it difficult for
students to understand how theoretical concepts apply to the real world.

4. No immediate feedback: Students may not receive immediate feedback on their
understanding of the material, making it difficult for them to track their progress and
identify areas that need improvement.

To overcome these challenges, educators are now turning to Al-based learning tools to enhance the
learning experience for students.

Al-based solutions for physics education

Al is transforming the way we learn and understand physics. Al-based learning tools are designed to
personalize the learning experience for students and offer a more engaging and interactive approach
to learning. Here are some examples of Al-based solutions used in physics education:




Simulations and virtual laboratories: Al-based simulations and virtual laboratories can
provide students with practical experience and help them visualize complex concepts.
These tools allow students to experiment with different scenarios and see how physics
principles apply to real-world situations.

Personalized learning plans: Al can be used to create personalized learning plans that
cater to the individual needs of each student. This can help students learn at their own pace
and focus on areas that need improvement.

Intelligent tutoring systems: Al-based intelligent tutoring systems can provide
immediate feedback to students, helping them track their progress and identify areas that
need improvement. These systems can also adapt to the student's learning style, providing
a personalized learning experience.

Natural Language Processing (NLP): NLP can be used to create interactive chatbots and
virtual assistants that can answer students' questions and provide support outside of the
classroom.

In conclusion, Al-based learning tools offer a more engaging, personalized, and interactive approach
to physics education. These tools can help overcome the limitations of traditional teaching methods
and provide students with a more practical and enjoyable learning experience.

Advantages of Al-based learning tools in physics education

Al-based learning tools offer several advantages over traditional teaching methods in physics
education. Here are some of the key benefits:

1.

Personalization: Al-based tools can personalize the learning experience for each student.
This can help students learn at their own pace and cater to their individual learning style,
making it easier for them to understand and apply complex concepts.

Interactive and engaging: Al-based simulations and virtual laboratories can provide an
interactive and engaging learning experience. These tools allow students to experiment
with different scenarios and see how physics principles apply to real-world situations.
Immediate feedback: Al-based tools can provide immediate feedback to students,
helping them track their progress and identify areas that need improvement. This can help
students stay motivated and engaged in the learning process.

Accessibility: Al-based tools can be accessed from anywhere with an internet connection,
allowing students to learn at their own convenience. This can be particularly useful for
students who may not have access to traditional classroom teaching.

Cost-effective: Al-based learning tools can be more cost-effective than traditional
teaching methods. For example, virtual laboratories can be less expensive than building
and maintaining physical laboratories.

Enhancing problem-solving skills: Al-based tools can also help students develop
problem-solving skills by allowing them to experiment and test theories. This can help
students think critically and apply their knowledge to real-world situations.

In conclusion, Al-based learning tools offer several advantages over traditional teaching methods in
physics education. These tools can provide personalized, interactive, and engaging learning
experiences, while also offering immediate feedback and accessibility. With the help of Al, students
can learn physics more practically and enjoyably, ultimately improving their understanding and
academic performance.




The Future of Physics Education with Al

As Al technology continues to evolve, the future of physics education looks bright. Al has the potential
to transform the way we teach and learn physics, making it more accessible, engaging, and
personalized. Here are some potential developments that could shape the future of physics education:

1. Integration of Al-based tools in the classroom: Al-based tools can be integrated into
traditional classroom teaching, providing an enhanced learning experience for students.

2. Personalized learning plans: Al can be used to create personalized learning plans for
each student, catering to their individual needs and learning styles.

3. Virtual and augmented reality: The use of virtual and augmented reality can provide
students with a more immersive and interactive learning experience.

4. Collaboration and peer learning: Al can facilitate collaboration and peer learning by
connecting students with similar interests and learning styles.

In conclusion, the use of Al in physics education has the potential to transform the way we teach and
learn this complex subject. Traditional teaching methods are often limited by the constraints of time
and resources, making it challenging for students to fully grasp the complex concepts involved in
physics.

Al-based learning tools, however, can offer a more personalized and interactive approach to learning,
providing students with immediate feedback, accessibility, and engagement. With the help of Al,
students can experiment with complex physics principles in virtual laboratories, enhancing their
problem-solving skills and critical thinking abilities.

Furthermore, the future of physics education looks promising with the continued development of Al
technology. We can expect to see more integration of Al-based tools in traditional classroom teaching,
as well as the development of personalized learning plans, virtual and augmented reality simulations,
and collaboration tools.

Overall, the use of Al in physics education is an exciting development that has the potential to
revolutionize the way we approach this subject. As educators and learners, we should embrace these
new tools and technologies to enhance our understanding and appreciation of the fundamental
principles of physics.
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In 1922, Albert Einstein was touring |
Japan. At his hotel, a bellboy delivered him
a message. Einstein didn’t have cash to
tip him. S l::stead, he wrote doyfgn his |
theo o ppiness on a piece o per
and;')a'veittothebell .Recentng.hat
note sold for 1.5 million ars making it
one of the highest tips to date. What
E£instein wrote was this: ‘A calm and
modest life will bri more happiness thar
constant pursuit of success combi

with constant restlessness.” The note ma
be worth 1.5 million dollars, but the 2
‘words.. priceless. T b




Max Planck- the Originator of Quantum Theory

Dr. B.S. Srikanta, Academic Advisor, Indian Academy Degree College (Autonomous)
Principal Grade | (Retd),RBANMSs FG College, Former Academic Director and Principal, Surana College
Former Professor, Principal and Director, Sindhi College, Bengaluru

i Max Planck (1858-1947) was a well-known German theoretical
physicist who made several contributions to theoretical physics,
but his fame rests principally on his role as the originator of
quantum theory. He is more often referred to as the Father of
Quantum Theory. The quantum theory revolutionized our
understanding of atomic and subatomic processes. The two
theories, Einstein’s theory of relativity and Max Planck’s
quantum theory constitute fundamental theories of 20"-century
physics that shook the foundations of classical physics
(Newton’s) which had dominated the world of physics for about
two hundred-plus years. Planck’s quantum theory, though not
appreciated in the beginning, with its far-reaching effect on classical physics, eventually gained
importance as its application accounted for discrepancies between observed phenomena and classical
physics. Among these applications, perhaps, Einstein’s explanation of the photoelectric effect,
proposed in 1905, stands out and paved the way for the universal acceptance of Planck’s quantum
theory.

Early life

Max Karl Ernst Ludwig Planck was born in Kiel, Germany on April 23, 1858 to Julius Wilhelm Planck
and Emma Patzig. Planck hailed from an intellectual and traditional family. His father was a Professor
of Law at the University of Kiel and later in Gottingen. In 1867, the family moved to Munich as his
father got the appointment at the University of Munich. Planck was admitted to Maximilian
Gymnasium School. His mathematical abilities emerged early and were noticed by his teachers and
thus he came under the tutelage of Hermann Muller, a mathematician. Mr. Hermann Muller taught
Planck astronomy, mechanics and mathematics, Interestingly, Planck excelled in all the subjects. It is
often mentioned that Planck first learned the principle of conservation of energy from Mr. Hermann
Muller. Planck graduated at the early age of 17.

Planck was also a gifted musician. He played piano and composed songs. But he passionately chose to
study physics instead of music though music remained an integral part of his life. This decision of
Planck benefited the subject of physics a lot.

University Education

Max Planck entered the University of Munich in 1874. He started his scientific career as an
experimentalist under the guidance of Philip Van Jolly. Under Van Jolly’s supervision, he performed
only one experiment namely “Studying the Diffusion of Hydrogen through heated Platinum”. Later,
he switched over to the study of theoretical physics. It is worth mentioning the example of Wolfgang




Pauli, who also started his scientific career as an experimentalist but switched over to theoretical
physics. In 1877, he went to the Friedrich Wilhelms University in Berlin for a year of study with
physicists Hermann Helmholtz and Gustav Kirchhoff and mathematician Karl Weierstrass where he
chose thermodynamics as his field of study. The law of conservation of energy (essentially the first
law of thermodynamics) impressed Planck deeply even when he was a student at the Gymnasium.

In 1878, Max Planck passed the qualifier examination and defended his dissertation on “Second Law
of Mechanical Heat Theory” in 1879 (the year of Einstein’s birth). By the age of 22 (1880), Max Planck
had obtained two higher academic degrees offered in Europe- a doctorate degree and a Habilitation
(highest university degree).

Teaching and Research Career

Despite his remarkable academic achievements, initially, he was appointed as an unpaid Asst. Professor
in Munich. But his initial setback did not deter him from continuing research work in the field of heat
theory. In 1885, Planck was appointed as Associate Professor of Theoretical Physics at the University
of Kiel. He continued his work on entropy and published his “Treatise on Thermodynamics” in 1887.
In 1889, he was appointed to the position held earlier by Kirchhoff at Friedrich—Wilhelm’s University
in Berlin and by 1892, he became a full-fledged professor of physics. During his tenure at Berlin, he
was invited to assume charge as Earnest Kempton Adams Lecturer in theoretical physics at Columbia
University in New York. He delivered a series of lectures that marked the beginning of America’s
engagement with modern physics. His lectures were translated and co-published by Prof. A.P Wills of
Columbia University. He was elected to the American Academy of Arts and Sciences in 1914,
the United States National Academy of Sciences in 1926 and the American Philosophical Society in
1933. He retired from Berlin in 1926. During his stay at Berlin University, as stated by Planck himself,
he was the only Professor of Theoretical Physics at Friedrich-Wilhelm’s University in Berlin and he
was finding it difficult to make people understand the concept of entropy. I quote “In those days, I was
essentially the only theoretical physicist there whence things were not so easy for me because | started
mentioning entropy, but this was not quite fashionable since it was regarded as a mathematical Spook”.

He started his Six-Semester course on Theoretical Physics. The lectures were well appreciated. | quote
one of the Participants John R Partington “Using no notes, never making mistakes, never faltering, best
lecturer I have heard”.

Entropy

Entropy, as we have studied in our degree classes, measures the system’s thermal energy per unit
temperature that is unavailable for doing useful work (dS=dQ/T). Entropy is also a measure of
molecular disorder or randomness of a system. The concept of entropy provides insight into the
direction of spontaneous change occurring in nature. The introduction of entropy by the German
Physicist Rudolf Clausius in 1850 is, perhaps, a highlight of nineteenth-century physics. Clausius used
the concept of entropy to state the second law of thermodynamics. The Clausius form of the second
law of thermodynamics states that the spontaneous change for an irreversible process in an isolated
system always proceeds in the direction of increasing entropy.

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




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

be created but never destroyed. Max Planck generalized the applicability of the second law of
thermodynamics to all natural processes. Clausius had limited its applicability to reversible processes.
Planck dealt comprehensively with the new concept of entropy and argued that entropy is not only a
property of a physical system but at the same time a measure of irreversibility of a process. If entropy
increases, it is an irreversible process because entropy cannot be reduced according to the second law
of thermodynamics. In reversible processes, entropy remains constant. He presented all these facts in
a detailed manner in 1887 in a series of treatises titled “On the Principle of Increase of Entropy”. He

also realized that the maximum entropy corresponds to the equilibrium state of a system.
Black Body Radiation:

In 1859, Kirchhoff defined a black body as an object that reemits all of the radiant energy incident
upon it. In other words, it is a perfect emitter and absorber of radiation. By the 1890s, several
investigations, both theoretical and experimental had been made to determine spectral energy
distribution. A curve throws light on how much energy is emitted at different wavelengths, in other
words, E as a function of A for a given temperature of the black body. Notable investigations often
referred to are those of Wilhelm Wein and Rayleigh-Jeans. Planck was attracted to the formula-derived
by Wein and made several attempts to derive the law based on the second law of thermodynamics.
Meanwhile, experimentalists Lummer, Pringsheim, Kurlbaum and others found that Wein’s law while
valid at high frequencies or shorter wavelengths broke down completely at low frequencies or longer
wavelengths.

The Rayleigh-Jeans law agreed with experimental results at low frequencies or longer wavelengths but
failed at higher frequencies or shorter wavelengths. Thus, both the theoretical laws failed to explain
experimental results over the entire range of the spectrum. Further, they appear to lead to absurd
conclusions. for example, in Wein’s formula

dE=K 17%e~*/Td)

Where dE is the energy contained in the wavelength range A and A + dA emitted by a black body at
temperature T, K and a being constant, even when T is infinite, the energy E is still finite which
contradicts experimentally verified Stefan’s law (ExT4). Similarly, Rayleigh Jeans’ law

dE=BA*T e~ ¥/4Td)
where  and a are constants

It can be easily seen that as A decreases, the energy emitted in the given wavelength range 1 and A4 +
dA increases quite rapidly and tends towards infinity as A tends to zero which is not acceptable.

Planck thought that he should try to combine these two expressions and obtain a formula relating the
energy of radiation to its frequency. Hence, in 1900, Max Planck proposed a new revolutionary
hypothesis, known as quantum theory. Planck assumed that the oscillators comprising the black body
and remitting the energy incident on them absorb and emit energy not in a continuous manner as
suggested by the classical theory but as discrete integral multiples of a small unit of energy called the
quantum. Energy of each quantum is given by hy proportional to the frequency of the radiation, h is a
constant called Planck’s constant. These quanta are now called photons. Applying the laws of




probability to such quantum oscillators, he obtained expression for the energy distribution of a black
body radiation which is called Planck’s radiation formula.
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It agrees with the experimental results very well over the entire wavelength range. Further, Wein’s and
Rayleigh Jeans’ formulae can be deduced from Planck’s radiation formula as special cases. The
quantum theory originally introduced by Planck forms one of the fundamental concepts of modern
physics. In 1905, based on Planck’s quantum theory, Albert Einstein successfully explained the
experimental facts surrounding the photoelectric effect. Einstein's idea was even more revolutionary
than that of Max Planck; he proposed that energy is not only quantized in electromagnetic waves but
also carried in discrete packets called "quanta," now known as photons. Einstein’s explanation of the
photoelectric effect using Planck’s quantum theory (for which he was awarded the Nobel Prize in 1921)
significantly contributed to the theory's acceptance and application in various fields. Quantum theory
has since been used to explain several phenomena, such as the Compton Effect, atomic structure, and
the origin of spectral lines, which form a major foundation of modern physics.In 1918, while discussing
with his son, Planck described his discovery as a discovery of the first rank, perhaps, comparable to
Newton’s discovery. In recognition of Planck’s contribution to altogether a new branch of physics, he
was awarded the Nobel Prize in 1918.

Max Planck retired in 1928, Another theoretical physicist Erwin Schrodinger, originator of Wave
Mechanics, was selected as his successor.

Later life

Max Planck held the position of the permanent secretary, of the mathematics and physics sections of
the Prussian Academy of Sciences from 1912 to 1938. He also held the Presidentship of the Kaiser
Wilhelm Society from 1930 to 1937, Planck held these positions with great authority and his decisions
were seldom questioned. He was known for his fairness, integrity and wisdom which were beyond
question. He was a man of indomitable spirit. His stoicism, mental strength, and philosophical and
religious convictions enabled him to withstand the tragedies that followed one after another which
Planck faced in his life after the age of 50. In 1909, his first wife died, and in 1916 his elder son Karl
was killed, 1917 one of his daughters died in childbirth and his other daughter also died in 1919.
Planck’s house was destroyed by bombs in 1944 during the Second World War, the worst part of the
tragedy was that his younger son was implicated in the attempt made on Hitler’s life in July 1944 and
he was mercilessly killed. These incidents destroyed Planck’s will to live. At the end of the war,
American officers took Planck and his second wife Marge VVon Hoessian to Gottingen. At last, he died
in his 89" year on 4™ October 1947. In the words of James Frank, death came to Planck as on act of
redemption. An illustrious scientist, the Father of Quantum Physics had a tragic end to his life. He was
buried in Gottingen.

I end with a quote by Planck “Insight must Precede Application”
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Heisenberg's Way of Thinking

Dr. B. Rudraswamy, Professor (formerly) Department of Physics, Bangalore University

Introduction

Heisenberg was awarded the 1932 Nobel Prize in Physics "for creating quantum
mechanics”. At almost the same time, as Schrodinger’s wave mechanics was
proposed, W. K. Heisenberg (Germany, 1901 - 76) published a new theory which
has later been called the matrix mechanics
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The Most Intelligent Photo Ever Taken”: The 1927 Solvay Council Conference,
Featuring Einstein, Bohr, Curie, Heisenberg, Schrédinger & More The Most Intelligent
Photo Ever Taken: The 1927 Solvay Council Conference, Featuring Einstein, Bohr,

Newtonian classical mechanics

Let us consider a particle of mass m whose coordinate (position) and momentum are represented by q
and p respectively. In classical mechanics, the coordinate q and the velocity v or the momentum p
= mv are determined as a function of time t by the Newtonian equation of motion. In other words, the
particle moving along an orbit, described by a function g (t) and the momentum p (t), is located at any
point on the orbit. Accordingly, a particle’s orbit and state of motion are completely described by the
coordinate g and momentum p in classical mechanics.

The above-mentioned variables g and p in classical mechanics are ordinary variables. When they are
multiplied by each other, the order of multiplication can be exchanged; i.e.,

Pq = qp- (1)




Heisenberg's matrix mechanics

However, in Heisenberg's theory, the result of multiplication changes depending on its order. This
means that the physical quantities in Heisenberg's theory are not ordinary variables; they are matrices,
well-known in mathematics. Let us denote these matrix-variables by boldface letters as q or p.

A matrix a consisting of many elements ai1, a:2..... , may be represented as

iy Lz 13

=

figy gz Gzz -
a = ) {(2)

i3] 32 433

As similar to ordinary variables, the four basic operations of arithmetic (addition, subtraction,
multiplication and division) can be defined for matrices. However, the results of multiplication of g
and p differ depending on the order as

pq 7 qp. (3)
Heisenberg assumed their difference to be
pg — gqp = —ihl, {4)
Where i is an imaginary number unit, I is a unit matrix, h=h/2n and h is the plank’s constant.

Heisenberg replaced the ordinary variables in classical mechanics with the matrix variables mentioned
above and assumed the condition (4). Thereby, he obtained the correct values of frequencies and
strengths of the spectra of hydrogen. These results are the same as those obtained by Schrodinger’s
wave mechanics.

This was surprising because it appeared that there might be nothing common between these two
theories, the matrix mechanics and the wave mechanics. Schrodinger has later, however, shown that
these two theories are equivalent to each other and one can be derived from the other (1926).

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

Stop Drawing the Orbit -- Abandon Common Sense!

Looking back at what we have studied so far, we are somewhat sceptical about whether the concept of
the orbit of a particle may be valid or acceptable in the microscopic world.

In our common sense, as in  Newtonian classical mechanics, a particle is considered to be a point, and
the motion of the particle is represented by the position (coordinate) and the velocity (or momentum).
We assume that the moving point particle describing an orbit and the position or momentum of this
point particle is specified at each point on the orbit. This is the common sense in the macroscopic
world.




Whereas, in the Schrodinger wave mechanics, a particle, not only moves as a particle but accompanies
awave. In the Heisenberg matrix mechanics, the variables, position and momentum are no longer
ordinary variables but matrices, as position or momentum is not exactly specified at each point on the
orbit.

Consequently, it seems that the position and momentum might not necessarily be variables of unique
values as our common sense suggests. Quantum mechanics seems to say, "Abandon Common Sense!"

Is it allowed in the microscopic world to abandon the common understandings that have long been
accepted since ancient times?

Heisenberg's Uncertainty Principle

As seen above, Heisenberg asserts that “the common sense might be abandoned™ (1927). The basis is
the following uncertainty principle. To explain this, let us now borrow an interesting illustration used
by G. Gamow (Russia, USA, 1904 - 68). (See the figure.)
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This pleasant illustration was represented in Gamow's
enlightening book, "Thirty Years That Shock Physics"
(Anchor/Doubleday, New York, 1966), to easily explain
the uncertainty relation. Now let us consider the thought
(Gedanken) experiment shown in the figure below.
("Gedanken" is a German word.)

Let us consider the Gedanken experiment as shown in the
figure:

Experiment: In a completely vacuous room, an electron
ejected horizontally from a gun is going down vertically,
being acted on by gravity. When we detect the trajectory by
shining an illuminating light on the electron, what
happens?

hv: photon

€ . electron
Analysis: First, let us analyze this situation with the

Newtonian classical theory. According to Newtonian
mechanics, the electron must fall along a parabolic orbit.
To detect this orbit, we turn on the lamp sometimes and
illuminate the electron. Since light applies pressure onto the
electron and distorts the orbit, we should weaken the strength of the light very much to minimize its
impact. It is possible to weaken the strength without bounds because there is no lower limit of the
strength of light according to classical theory. As a consequence, the orbit measured in this way would
approach a parabola ultimately. This is just our common sense that must be proved by the measurement.

Gamow's Gedankenexperiment to explain
the uncertainty principle

Let us analyze this situation with the Heisenberg quantum theory. If we take into account that
illuminating light is emitted as photons, the above discussion would be incorrect. Let the frequency

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




with agivenenergy i+ and momentum. Due to the transfer of momentum between the photon and
the electron, it gets a momentum 4, _ /) at the most. As a result, the orbit of the electron is

distorted. To reduce this distortion, we have to make the momentum transfer Ap
as small as possible, i.e., to make the ) wavelength extremely large. But we cannot
identify the position of the electron if A s larger than the size of the telescope which is being

used for observation (wavelength of light and electron is same here). Hence, the uncertainty (or error),
AX in the position x of the electron, is at least about the wavelength of the light, A . Accordingly,
the uncertainty (or error) of the momentum of the electron becomes

h h

P A Ax '

Consequently, we have a relation

iy )
o

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

This principle means that, if we intend to reduce the uncertainty of position (Ax) then the uncertainty
of momentum (Ap) becomes large, and vice versa. In other words, it is impossible to simultaneously
specify precisely the values of both the coordinate position and corresponding momentum of a particle
in an experiment because of the particle-wave duality of light.

We referred to uncertainty (or error) in the above discussion, but this does not imply measurement
errors like misreading of apparatus or errors caused by poor experimental settings. Even if the
apparatuses have no defect and the experiment is carried out without any error, we would have
essential errors (or uncertainties) due to the particle-wave duality of light.

The Assertion of Heisenberg and Bohr

After doing various hypothetical (Gedanken) experiments, Heisenberg and Bohr concluded that no
experiment can specify the values of the coordinate (position) and momentum of a particle more
precisely than the limits given by the uncertainty principle (6). Hence, they asserted that we may have
to abandon the classical common sense that the coordinate and the momentum of a particle are
ordinary variables possessing precisely specified values and moving along a trajectory drawn in a
curved line.
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An expert is someone who
knows some of the worst
mistakes that can be made
in his subject, and how to
avoid them.

Werner Heisenberg




Quantum Technologies in Defence & Security

Michiel Van Amerongen, Strategy Consultant, Monitor Deloitte, Amsterdam, The Netherlands

Those who are not shocked when they first come across quantum theory cannot possibly have
understood it. - Niels Bohr
If you think you understand quantum mechanics, you don’t understand quantum mechanics.
- Richard Feynman

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

- Werner Heisenberg
Three quotes from three famous quantum physicists. | guess it is safe to say that there is broad consensus
that trying to understand quantum mechanics is not your average Sunday morning brain teaser. However,
guantum mechanics is not just mind-boggling and food for vigorous thought. In fact, although we might
not be able fully to comprehend it, technologies built upon our understanding of quantum mechanics are
already all around us.

Transistors and semiconductors in our computers and communication infrastructures are examples of
“first generation’ quantum technologies. But the best is still to come. Through a greater understanding
of quantum phenomena such as ‘superposition’ and ‘entanglement’ (explained below), the ‘second
quantum revolution’ is now taking place, enabling the development of novel and revolutionary quantum
technologies.

As these technologies will bring profound new capabilities both for civilian and military purposes,
quantum technologies have received significant interest from industry and governments in recent years.
Big technology companies like IBM, Google and Microsoft are spending hundreds of millions of dollars
on research and development in the area of quantum computing in their race for ‘quantum supremacy’.
Similarly, governments have recognised the transformative potential and the geopolitical value of
quantum technology applications and the United States, the European Union and China have each set up
their own over-billion-dollar research programmes.

Principles Underlying Quantum Technologies

Without going into a detailed explanation of quantum mechanics, a few key underlying principles are
worth briefly discussing to help understand the potential applications of quantum technologies.

Quantum technologies exploit physical phenomena at the atomic and sub-atomic scale. Fundamental to
quantum mechanics is that at this atomic scale, the world is ‘probabilistic’ as opposed to ‘deterministic’.

This notion of probability was the subject of a world-famous debate between Albert Einstein and Niels
Bohr at the fifth Solvay Conference on Physics, held in October 1927 in Brussels. This conference
gathered the 29 most notable physicists of the time (17 of them would later become Nobel Prize winners)
to discuss the newly formulated quantum theory.

In the so-called “debate of the century” during the 1927 Solvay Conference, Niels Bohr defended the
new quantum mechanics theory as formulated by Werner Heisenberg, whereas Albert Einstein




tried to uphold the deterministic paradigm of cause and effect. Albert Einstein famously put forward that
“God does not play dice”, after which Niels Bohr countered “Einstein, stop telling God what to do.”

Nowadays, the scientific community agrees that Niels Bohr won the debate. This means that our world
does not have a fixed script based on cause and effect but is in fact subject to chance. In other words,
you can know everything there is to know in the universe and still not know what will happen next.

This new probabilistic paradigm led the way to a better understanding of some key properties of quantum
particles which underlie quantum technologies, most notably ‘superposition’ and ‘entanglement’ (figure
1). The improved understanding of these fundamental quantum principles is what has spurred the
development of next-generation quantum technologies: quantum sensing, quantum communication and
quantum computing.

FIGURE 1

Strange principles often underlie quantum information science
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Superposition describes a
particle’s ability to exist
across many possible states
at the same time. So the
state of a particle is best
described as a
“superposition” of all those

Quantum entanglement
refers to a situation in
which two or more particles
are linked in such a way
that it is impossible for
them to be described
independently even if

Superposition and
entanglement only exist as
long as quantum particles
are not observed or
measured. “Observing” the
quantum state yields
information but results in

possible states. separated by a large

distance.

the collapse of the system
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Present and future applications

While quantum computing has received most of the hype around quantum technologies, a whole world
of quantum sensing and quantum communication is out there, which is just as fascinating and promising.

Quantum sensing

Quantum sensors are based on ultra-cold atoms or photons, carefully manipulated using superposition
or entanglement in specific ‘quantum states’. By exploiting the fact that quantum states are extremely
sensitive to disturbances, quantum sensors can measure tiny differences in all kinds of different
properties like temperature, acceleration, gravity or time.

Quantum sensing has transformative potential for our measurement and detection technology. Not only
does it enable much more accurate and sensitive measurements, it also opens up possibilities

to measure things, we have never been able to measure before. To name a few, quantum sensors could
allow us to find out exactly what lies under our feet through underground mapping; provide early-




warning systems for volcanic eruptions; enable autonomous systems to ‘see’ around corners; and provide
portable scanners that monitor a person’s brain activity (source: Scientific American).

While quantum technologies might seem to be technologies of the distant future, the first quantum
sensors are actually already on the market (for example, atomic clocks and gravimeters). Looking ahead,
we can expect more quantum sensing applications to become available over the coming five to seven
years, with quantum Positioning Navigation and Timing (PNT) devices and quantum radar technologies
as particular applications to look out for.

Quantum communication

The potential of quantum communication relies on its promise to enable ‘ultra-secure’ data
communication, potentially even completely unbackable. Currently, our exchange of data relies on
streams of electrical signals representing ‘1s’ and 0s’ running through optical fibre cables. A hacker who
manages to tap into these cables can read and copy those bits as they travel through the cable. In quantum
communication on the other hand, the transmitted information is encoded in a quantum particle in a
superposition of ‘1’ and ‘0’, a so-called ‘qubit’. Because of the sensitivity of quantum states to external
disturbances, whenever a hacker tries to capture what information is being transmitted, the qubit
‘collapses’ to eithera ‘1’ or a ‘0’ — thereby destroying the quantum information and leaving a suspicious
trail.

The first application of quantum communication is called ‘Quantum Key Distribution” (QKD) which
uses quantum particles for the exchange of cryptographic keys. In QKD, the actual data is transmitted
over traditional communication infrastructure using normal bits, however, the cryptographic keys
necessary to decrypt the data are transmitted separately using quantum particles. Extensive
experimentation in QKD is already taking place, both using terrestrial communication as well as space-
based communication. In 2016, China launched the world’s first quantum science satellite ‘Micius’,
which has since then demonstrated intercontinental ground-to-satellite and satellite-to-ground QKD by
securing a video conference meeting between Beijing and Vienna.

‘Quantum teleportation” would be the next step in quantum communication. Whereas in QKD the
cryptographic keys are distributed using quantum technology, with quantum teleportation it is the
information itself that is being transmitted using entangled quantum pairs. The greatest distance over
which quantum teleportation has been achieved so far over fibre-optic cable is 50 kilometres, and the
challenge in the coming years is to scale quantum teleportation to enable secure communication over
larger distances.

The ultimate goal in quantum communication is to create a ‘quantum internet’: a network of entangled
guantum computers connected with ultra-secure quantum communication guaranteed by the
fundamental laws of physics. However, a quantum internet not only requires quantum

teleportation over very large distances, it would also require the further development of other crucial
enabling technologies like quantum processors, a comprehensive quantum internet stack including
internet protocols and quantum internet software applications. This really is a long-term endeavour and,




while it’s difficult to determine if and exactly when this technology matures, most scholars refer to a
time horizon of 10-15 years.

Quantum computing

Quantum computing will significantly increase our capacity to solve some of the most complex
computational problems. Quantum computing is said to be as different from classical computing, as a
classical computer differs from the abacus.

As explained above, whereas classical computers perform calculations using binary digits (0 or 1),
quantum computers represent information using quantum bits (qubits) which can be in a superposition
of both states (0 and 1 at the same time).

As qubits are extremely sensitive to external disturbances, to be able to control, manipulate and exploit
them, qubits need to be cooled down to a level extremely close to the absolute minimum temperature (or
zero kelvin), around 15 millikelvins. That is colder than outer space! In fact, inside a quantum computer
is the coldest place in the universe we know of.

Qubits enable quantum computers to make multiple calculations at the same time, potentially resulting
in an immense increase in computational efficiency as opposed to classical computers. There are several
applications where quantum computers will be particularly transformational:

e Simulation of physical systems for drug discovery and the design of new materials;
e Solving complex optimisation problems in supply chain, logistics and finance;
e Combination with artificial intelligence for the acceleration of machine learning;

e Factorisation of integers, enabling the decryption of most commonly used cybersecurity
protocols (e.g. RSA, an asymmetric encryption algorithm, used for secure data transmission).

Big technology companies like IBM, Google and Microsoft are racing for ‘quantum supremacy’, which
is the point where a quantum computer succeeds in solving a problem that no classical computer could
solve in any feasible amount of time.

In October 2019, Google claimed to have achieved quantum supremacy on its 53-qubit quantum
computer. However, critics say that the problem solved in the Google experiment had no practical value
and that therefore the race for quantum supremacy is still on.

Current quantum computers have around 60 qubits but further developments follow each other in rapid
succession and ambitions are high. In September 2021, IBM announced a road map for the development
of its quantum computers, including its goal to build a quantum computer with 1000 qubits by 2023.
Google has its own plan to build a million-qubit quantum computer by 2029.

With 1000-qubit quantum computers, so-called Noisy Intermediate-Scale Quantum (NISQ) computers,
we can already see some valuable practical applications in material design, drug discovery or logistics.
The coming five to ten years therefore will be incredibly exciting for quantum computing.




Implications for defence and security

Quantum technologies have the potential to bring profound new capabilities, enabling us to sense the
insensible, transforming cybersecurity, and enabling us to solve problems we have never been able to
solve before.

In the defence and security environment, two applications will have particularly significant implications
in the near- to mid-term.

Firstly, quantum sensing. Quantum sensors have some promising military applications. For example,
guantum sensors could be used to detect submarines and stealth aircraft, and quantum sensors could be
used for Position, Navigation and Timing (PNT). Such ‘quantum PNT devices’ could be used as reliable
inertial navigation systems, which enable navigation without the need for external references such as
GPS. This would be a game-changing capability for underwater navigation on submarines, for instance,
but also as a back-up navigation system for above-water platforms in case of GPS signal loss.

The first quantum sensors are already commercially available, making it the most mature technology out
of sensing, communications and computing. Moreover, for quantum communications and computing,
the civilian sector is expected to drive developments forward, given the immense potential value they
have for civil industry. However, for quantum sensing, potential applications such as quantum PNT and
qguantum radar are particularly interesting for the military. Therefore, it is up to the military to fund,
support and guide research and development in this area to make these potential applications a reality.

Secondly, the ‘quantum threat’ posed by quantum computing. As mentioned in the previous section, the
factorisation of integers is one type of problem that quantum computers can solve particularly efficiently.
Most of our digital infrastructure and basically anything we do online — whether that is video
conferencing, sending e-mails or accessing our online bank account — is encrypted through cryptographic
protocols based on the difficulty of solving these kinds of integer factorisation problems (e.g. the RSA
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This is an urgent threat to society writ large but also specifically to the military, given the importance of
secure communication and secure information for defence and security. To counter this threat, we will




have to completely upgrade all our secure digital infrastructure using cryptography that is ‘quantum-
resistant’, i.e. secure against both quantum and classical computers. One option would be to wait for
quantum communication (QKD or quantum teleportation) to mature and use this quantum technology to
protect against other quantum technologies. However, time is not on our side. Not only could quantum
computing technology outpace quantum communication development, but the threat is already present.
With the prospect of future quantum computers, hackers could steal encrypted information today, store
it and decrypt it in 10-15 years using a future quantum computer.

The better option is to implement ‘Post-Quantum Cryptography’ (PQC), new classical (i.e. non-
quantum) cryptographic algorithms that even quantum computers will not be able to solve. Currently,
the US National Institute of Standards and Technology (NIST) is leading an international competition
to select the PQC algorithm(s) to be standardised and adopted across the globe. The process started in
2016 and in July 2020 the NIST announced it had seven final candidates.

We can expect the NIST to make its final selection for standardisation by early 2022 and establish actual
standards by 2024. Decision-makers across industries and within the military should pencil these dates
in their diaries, start preparing for a big cybersecurity upgrade and make sure we hit the ground running.

Way ahead

New advances in quantum technology research and development have the potential to bring exciting
new capabilities to the military. Given the sizable interest and funding for quantum technologies coming
from both civilian industry and governments, it is expected that the technology will mature and that new
quantum applications will become available in the coming five to ten years. However, for Allied
militaries to be able to actually reap the benefits of these new quantum technologies, it is essential that
Allies proactively engage in this field and guide the development and adoption of the military
applications of quantum technologies. This should include not just engaging with big technology
companies, but specifically also with start-ups, universities and research institutes as these are vital for
innovation in these new technologies.

Allied militaries could bring significant added value to existing efforts in industry and academia by
providing testing & validation infrastructure (test centres) and access to end-user military operators.
Early experimentation with these technologies not only contributes to their further development, but also
enables the military to become familiar with these technologies and their capabilities, which helps
facilitate future adoption. Moreover, active participation in the quantum ecosystem increases the
military’s understanding of the potential risks associated to quantum technologies, specifically within
the cyber domain.
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The Basic Physics of Drones

Dr. B.A. Kagali. Professor of Physics (retd.), Bangalore University

Nowadays drones have become very common and popular all over the world. They have been used as
flying toys, flying video cameras, small goods transporters for short distances, and carriers of weapons
in wars, just to name a few.

There are several kinds of designs for them, depending on their end-use. The most common and perhaps
the most basic is what is called a quadcopter design. It consists, essentially, of a square-bodied vehicle
with four arms with spinning blades at the four corners with

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

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

maneuverers, when one does not see any wings, any tail, :
or any rudder that we commonly associate with an airplane. ,“ :
How does it manage to go forward and backwards; move | k
sideways and turn about a vertical axis passing through its k

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

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

1 ,  The four specially shaped spinning blades (or propellers) at the corners are
arranged to spin at different rates individually by a central control system.
SR All of them do not spin in the same direction — if that was true it would

A 4 cause the entire body of the drone to spin constantly in the opposite
direction, something that we do not want. Hence, diagonally opposite

b blades along one diagonal (like 1 and 3) spin in one direction, while those
. 5 along the other diagonal (like 2 and 4) spin in the opposite sense as shown

in the figure below.

Such an arrangement leads to cancellation of the torque on the body of the drone — hence the drone can
move up or down and left or right without unwanted rotation.

If we want the drone to move up vertically, we just raise the spinning rates of all four blades together.
Then, the lifting force - known as thrust that is developed due to the rapid displacement of air downwards
(again following Newton’s third law for forces) counteracts the weight of the drone and if the thrust
exceeds the weight, the drone climbs up vertically. In the special case of the thrust balancing the weight,
the drone simply stays at one position. Such a motion is called hovering. If one wishes to bring down
the drone, the spinning rate of the blades is gradually reduced. Then the vehicle slowly comes down and
touches the ground without any damage. It is believed that the thrust is proportional to the square of the
spin rates.

Supposing we want the drone to move forward, then the two blades on the back side (opposite side to
the direction of motion), marked in green below, are spun at a greater speed than those in the forward
direction, marked in violet in the figure. Following Newton’s third law, the backside would receive a




greater upward force than the front side. The net result is the liftingup ~ thrust /«
of the back portion compared to the front part as shown in the figure.

Please note that there will always be a resistive force, called drag, due drag+ f thrust
to the air medium.
Therefore, a component of the total force acting horizontally along the weight

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

component balancing the weight. This makes the drone move forward — with the forward edge slightly
dipped compared to the backward edge! This can be noticed on a slowly flying quadcopter.
Alternatively, a drone can be made to move backward from its hovering position, if the front blades are
spun faster than the rear ones. This is a simple, but ingenious, idea employed for moving a quadcopter
horizontally.

Similarly, movements to the left and right can be achieved by differentially spinning the right or left pair
of blades. The speed of the linear motion depends on the difference in the spinning rates of the left and
right pair of blades over and above the hovering spin rates.

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

They are called yaw motions. How are such turnings achieved? Let us say the blades with violet colour
are spinning in an anticlockwise manner while coloured green are spinning in a clockwise manner.
Remember that such diagonal pairing of blades is required for stability, as discussed earlier. Let us say
we enhance the spinning rates of the violet blades compared to the rates of the green ones, then there is
a net angular motion of the blades in an anticlockwise manner. Hence, the body of the drone starts

spinning or turning in a

High Power Low Power Low Power High Power clockwise manner, fo”owing
Newton’s third law for the
conservation  of  angular
momentum. Amazingly, the

Rotate Rotate i i
" Left spin rates control all possible
Right .
B motions of the drone!
Alternatively, if the green-

coloured blades are spun at a
higher rate than the violet ones,
the body of the drone turns in an anticlockwise manner as illustrated in the picture.

Low Power High Power High Power Low Power

The central part of the drone houses batteries, control systems, motors, communication units, cameras
etc. depending on the model. There are very many variations over this basic quad-copter design, such as
those with a greater number of arms and those with a greater number of blades etc. It is nice to understand
how manipulating the spinning rates of blades leads to drone motion at the basic level!
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Pollution of Air, Water and Land in India

Subhash Chandra Garg

Indian factories and cities unload pollutants and untreated organic material into our rivers, lakes and
ponds. This makes their water unfit for drinking or bathing or both, depending on the extent of pollution.
More than 320 out of 521 rivers monitored for water quality by the Central Pollution Control Board
(CPCB) in 2016 were found to be polluted (whose water is not fit for drinking). A 2015 CPCB report
found that the number of polluted rivers in India increased from 121 to 275, and to 351 in 2018.

In 2019, as per the World Air Quality Report, India had the highest population-weighted annual average
particulate matter (PM)2.5 exposure in the world at 83.2 micrograms per cubic metre (ug/m3) of air.
The World Health Organization’s (WHO) safe limit for weighted annual average PM2.5 exposure is
only 10 ug/m3. India was in the least healthy category of exposure, between 75 and 85 pg/m3. Over the
period 2010-19, the country had seen the third-highest increase in exposure after Nigeria and
Bangladesh at 6.5 pg/m3 over this period. India’s general quality of air suggests a state of emergency.

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

Control of the pollution scheme did not make much difference

The Control of Pollution scheme has been operational since 2018. The main objectives of the scheme
are to monitor air quality across the country and take appropriate mitigation measures, besides
monitoring water quality and noise levels.

There are four components of the scheme:

1. Financial Assistance for Abatement of Pollution (AAP) to the weaker state pollution control
boards/ pollution control committees (SPCBs/PCCs) and to the central pollution control board
(CPCB),

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

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

4. Conducting related research and outreach programmes.

Actual expenditure under the CoP scheme was Rs 599.91 crore in 2022— 23 and pegged at Rs 848 crore
in 2023-24 RE. The expenditure under the programme has gradually increased from Rs 409 crore in
2019-20. The funds under the scheme are essentially released to the CPCB, which, in turn, passes on
most of it to the state pollution control boards.

The funds under the AAP component are spent on pollution abatement activities, including pollution
assessment —source monitoring, monitoring of ambient air, water and noise, conducting technical studies
and the like. This component functions more as maintenance of the system created to monitor quality.

The NCAP component, initiated in January 2019, supports a more focused intervention. The objective
was to improve air quality in 131 select cities by reducing the PM10 concentration over the baseline




2017 by 20-30 per cent by 2024 (later revised to 40 per cent by 2025-26 relative to base year 2019-20).
A total of 885 stations have been made operational to monitor air quality in these 131 cities. The
MoEFCC Annual Report 2023-24 reports that city-level action plans had been prepared for all the cities.
Further, ninety cities showed improvement in air quality in 2022—23 compared to base 2017 and fifteen
cities conformed to national ambient air quality standards compared with six cities in 2017.
Unfortunately, the extent of improvement in these ninety cities, even after the programme had run for
more than four years, was not specified. Admittedly, in the forty-one remaining cities, the air quality
deteriorated or stayed stagnant.

Environment Ministry kept diluting/postponing standards for thermal power plants

The MoEFCC notified eighty-one standards across industries, including for major polluting industries,
such as thermal power plants, sugar industry, cement industry and fertilizer industry, among others. The
implementation of standards, however, was not that satisfactory.

A case in point is the notification of stringent emissions limits issued for sulphur dioxide, nitrogen
oxides, particulate matter, mercury and water usage in coal-based thermal power plants. The standards
were first notified in 2015 and were to be complied with by 2017. In 2017, the power plants were granted
a five-year extension (till December 2022) to meet the deadlines in a phased manner. Eleven plants in
Delhi-NCR were to comply with the norms by 2019.

The MoEFCC kept diluting the standards after extending the deadline to 2019/2022. In June 2018, the
water norms for units installed after January 2017 were diluted from 2.5 m3/MWh to 3 m3/MWh. In
May 2019, the nitrogen oxide (NOx) norms for units installed in 2004—-16 were diluted from 300 mg/
Nm3 to 450 mg/Nm3. In March 2021, the MoEFCC issued a notification specifying new deadlines for
compliance, with the norms based on the location of the coal thermal power plants. In September 2022,
the MoEFCC further extended the sulphur oxide (SOx) standards deadline to 2024.

There was only limited progress in making the thermal coal plants comply with the environmental
standards, diluted notably in the nine years ending March 2024.

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

The government, in a bid to deal with the rising air pollution in Delhi-NCR, first brought an ordinance
on 29 October 2020 — the Commission for Air Quality Management in National Capital Region and
Adjoining Areas Ordinance 2020 — to put in place an oversight body which would have functions,
including laying down parameters of air quality and environmental pollutants, to inspect premises
violating the law and ordering closure of non-abiding industries/plants.

After a little flip-flop in which the Commission was denotified, a statutory commission was constituted
on 23 April 2021 through the Commission for Air Quality Management in NCR and Adjoining Areas
Act, 2021. The adjoining areas where the act is in force include Punjab, Haryana, Rajasthan and Uttar
Pradesh, and adjoining areas of the NCR region and Delhi, where any source of pollution is located and
is hurting air quality in the National Capital Region (NCR).




As per a press release issued by the government in 2023, the Commission for Air Quality Management
in NCR and Adjoining Areas (CAQM) did undertake “considerable action” for the prevention and
control of air pollution in Delhi-NCR and adjoining areas, which resulted in “general improvements in
the AQI level” of the NCT Delhi.

The press release further informed that the commission adopted an airshedlike approach and issued a
comprehensive policy to curb air pollution in the NCR in July 2022. The policy has sector-wise action
plans for the prevention and control of air pollution in the region by various sectors contributing to air
pollution. The commission also issued seventy-eight directions and eleven advisories, besides many
executive orders to various agencies concerned in the NCR, including the state governments of Punjab,
NCTD and various bodies of the central and the state governments in the region.

Separately, a Graded Response Action Plan (GRAP) was formulated and notified by the MoEFCC in
January 2017 on the recommendation of CPCB for Delhi-NCR to tackle the issue of a sudden rise in air
pollution levels. A comprehensive review of actions listed under GRAP was carried out by CPCB in
2020. Based on these inputs, the revised GRAP was published by the CAQM and further action was
taken for its implementation.

While the government claimed improvement in air quality, the winter of 202324 witnessed the worst
air pollution in Delhi and NCR. The “End of Winter Report 2023—24: Spread and scale of air pollution
crisis in India’ issued by the Centre for Science and Environmental Analysis, noted that the ‘toxic air
pollution came back to trouble the public yet again this winter”.

The air quality began to worsen much earlier than usual due to low rains in September—October and was
made even worse due to low wind speed throughout the season. The report concluded that North and
East India remained the most polluted regions of the country. The “air quality in North India was
significantly worse this winter compared to the previous winter”. There was no improvement in the
quality of air in Delhi, the seat of the Modi government, during 2019-24.

Reference

Subhash Chandra Garg, The Ten Trillion Dream Dented: The State of the Indian Economy and Reforms
in Modi 2.0 (2019-2024), Penguin Indian.
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Einstein and the Car

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

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

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

The officer, not impressed, asked, “And what does that have to do with your speeding?”
Einstein grinned and said, “Well, officer, in my mind, I was still moving at the speed of light!”
The officer shook his head and said, “Just remember, you can’t outrun the law, even if you’
genius!”
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(Fluid Dynamics — An Overview)

DBTD 437 IRENY LI ByJon. ddweBees’ B3edT JoTISNW Tozdead Horie Foded
BRonseN D, B, Pt I8Tets SBDATR). 03B 200 BB, e 5EROS HBT T ;A
Wb 2, B 0" JFesINGT, B 0t3* DHIB ROTIOBN Toed 2O B ToTISH WIB,39,Node
Be0IBIETIT DT QS e oredxeN). B waJady 15880 &’ 8Comd @ofa® w3orier
JB0GBedBN SeadonBTN SOB3EAR). B ;F-R0708F DS eBRedS A3TISBLROD)
A5of 0h3B FPB20NG SBALORD).

R4 0B ;3B BRI Ty B00T BoNTD). oD areeytie BBMRY, BoTTBY) 50 HPoWNY
B30 Feedd MoBRY HeODB0BB 23e0m08 SpeRNV0T 8 BEHNW BpBFO0T, HourRSadhe
03) BOBWLDNGR). BRINLTT IDPezoN ROTIoBI Jey BBHAW 3B T3AB00B, BDHTDT
ZpeRivos apBZ00B, HerimoN BODT ToDFF TeodTY). WFT BIBoSB, ROTFOBS
VBT, wabdedr HoBID); RURLIN ©B08 TL VTR, A0V TIPS J0TIDIR.
Bw0owBOT OeI FPFIFNErT SerferoN 3 TWY BEHNW VISDBE Q0w FB WOTND). BENI
INTB30 20D FHT; DTV — BBNI SeNS, e DS IFRTeD D02nd. AwTezeN
BeWeSe5e030, BENS BOSWoT DI FREHRVSRY, (drag force) SNJw BENS SHB IV
BeNTIeD? AT, Fehae BN HLBOV 360%@&5 (fluid dynamics) &50DS ©&BedD.

Q0BT Fo0D0T BVTD FMOBBNW HeRTNYRY, (aqueducts), VEBEDNYRY, BOBBNYY,
w3008 Torie DBWWE ABI FBINVRY, et BUDID DINST DeBIT TIFINTIY, VO
BUFTOIBT SDBLBA0TEV, DJISDoTR VTV Wo1T. FIB SISeIad mgé@s QO3B
BOTD DoTIB JoBIENV0T FSoIN V0T LIFT00T. AT, BFOIT B0BRFoID) 32208
ZRDoT J0wedIT LSBT, BeSSB BRI IezoB LVBBTENY IVYTB,  BF,DIT.
Boref, SCVTJF, JowoRBey w3 JIRVWNW HeNDHTS — TSR e Sdorinwd ert
Jo3IRDBS? BeeBRW TeRrieR)S B od oxb?




SBUTRDIRTO 3RS FoohA Serd, ewbrbesaeN Wmh ORDBIIDS FREHIVVTR) ? Fe, ByBSohDoB
Z9,33e3NnOr Torte woreonniert S3mtuSalerda wrt dert? @30y SF TRV, wBD
MPADY Tert HITWVT? BoBBTITS HVT IDS F2TEITeD Torie Bert ISIITHST? e 93,
ARALEIOBH IZZN0 Bert BEd, LY, 903, BB 7 - &ert reasrt edT dRobNY weed S
Be01T (33 1 Feed). 8 ITowTB Fe3T Jogm 030 BT Ve FRB SeTTO
B00TTTBO WY 323003 ITIINY Bore VBT NG IDJNY Deedpomd IDpees Todoee.
Deeran, *BE3 @C_stoi)cﬁf% ZoUo-5aefen¥Y) WpedTUarda addveder Jaabny 3033 eariéé QO
SPTDBRHR,LE.

33 | - B0VTITF, BoWOHIT IBAHNY T ydab 20w B eets.

P32 BY FHB SNW SweTord Ty 3OS - FI, TS DB VAV, FITHAS BN
Q0 BB (fixed lattice) VWS B0 B IV, BZ0 TWOBWYIWD. 20T WwIBOT
ABRBRANBE, w3BB BB 36-36NY IBDIR WoFNW IBLeORD S SwdANIT. 8&3
B8 DB 8V JSNYY, ©wodd SBL J3AY, SWIT BN JT@eN VT, JBoZToN LY
B3 Sue BODEHADT 506008 o3 BZITIVT, ToMYIIW  BTVIIe  SEAST,
03BBBR,PMerent FoereeN BOWWSBT. RSVZe S, TosTox, BISZp TWD.




FSTDNW WoBy WISBIR,PMDIN AR R, ByTVRBY JICRTDDTS! FI QSDODS T
DDBENY BOIT GIreIFIRNTeD? Do FITIYW (solid mechanics) J@abRwoNZT,
SCVBWISN BOIT WOSTUIT AT JFews STLTT T B0 GVTED. WBE,N WHFDHT DD
BBV IFRNY S0Bd SreBB W, ee.

1. ©9,080eN3 oSN (Experimental methods)

goB BODID FeFrivdobod S00TeI T WISedriodh $8T0QE BSBINYY B 0deerinwd wway
Do SBAT; ) VoML I, LZoSTFEIFoD Bya) ITIRNW. 00T AT ETIIBIY, SehBeBeoN
T FIBRNT GVTeBR0T TIBDB Fodeend) Szgedsd SABodh Bwew IS SCVTTRD
wBBed BIeeNNYRY ISCOIWAY Swewied ZoNYR) dwdmeN ITeddad FeobsyN
T3xb@90. GLTIBTHE, DoLDMIPY) HPahod B0l S8R ? BT B30l o3SITN
MmPad 38 Ferf WBUHBB? IVDALY Fotws DEMe, VBER, BReOSATBD? RoSB IF NV
&e3,3 (qualitative) eVBTNPOT SOeme3, 3 (quantitative) S JewmeN Mevad w333,
N3 AT BRBINTRY, STDBRRTT. BTN 03T ITESIMFRY Tey Brordad Bwewd
QYI0eB3ER (V)RS YVTOBTHTT WIBs 0T I Beed 0 WVALRY, ADED) BT e Joe
Bedad &03eennYR) S0, VMY Jeg, BOBeUTab B3 TV DS NeI3T FeBTENRL
(mathematical equations) & ABETIIT VYT SWTVTADRY, VeDSeS.

% o 11ee3fsS ox0

B3y 2() - TIN FeJabh PTROFODS TeoS3S RBT BW0INTY) WFIBTeTN
edS BOSIY Qoo mra & riees® ToBISIY e BOBDHS FoewaSod eed &9
SReBVBD. 233, 2(Q) - Joi@emood)ciebd)d mra riees* s ey @0e30.




B0Z5o3BY ToBINY VYT D) DB Fodeerinwd w3 B3E. LVTeEdHT, word IO
BN 2,00 BHBEY, ATV oFEIDNIeT D0DENBPH,LEH. VBTN 8590, BN, VBT
0e8, DB BODD FFNOT 20BADDAD B S559,230MP0T oD eBDHIIT. &
§59,2390MY), B0 BHBBEY, ADESDBO D0BADDNRY ABege3ahod Foobe IS LDBTIAD 0
DD, OT, BIB Jo3TSe  WBOIVDHPIT? VY. OBBLS  IVYIB ARSI,
WBSTBIBRFYD ©Te 8508 JYE eBOMRY, ADED, I Fodeenny Swevd Jesed
©0BMYRY B0BLOTVBMD (38 2 Feed). dert IDYIB DTFS, FoabeFS Y, B)Be3018003
So8TTe 0BAAWDTIH ITYTBRY, WodTriePDST.

QBToBade b, es3ead VgD AT e (Light Combat Aircraft) - Se’ S (233 3 Jeed) VRT3
BoBBY 20BADDAY BT Jgd MBT SrerOobY {233, 3()} SoriwedI Ted,ead &,=720303
@)03Remeai3® (National Aerospace Laboratories) QTS MIPDTONBOLD, (wind tunnel) BT
S)0deennd Swewd ©BC Ho0E FooheZDSDY, QTN T)ReSDIBR0BD; IBTITSI)
ADFDS SwFBe BT wDBeB MHOVZENTR, 3VDZR0BD. VW3 heewoNale W33 Bpee
@B)B70683 BweTIIBONY (prototype) et ARRY, BODID BOZNFRY, SrBBD.
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83 3() - Yos3ead HoanueIad S e BROTHES 2es3ead VEn WG IS (S
BUEIT 200 Feees. B3 3(D) - IVYRT BOSTY BT ey MB,T &eeS Worweds Tad
333700308 )030eMe0hBODS MePDToNEY) ITBJUE BB B)0deennivelnod ¢

330D B ,08ReN3 S0FNW BOTIWD. T FBNY BWFENOrT, BOIS Sens,, S03edTSeso3
DBodbnY FYOeDE,, ©DF; eIINY B S303 WRZ IoFNYR, WYIUIDHST. o3
BB, FoBerdBMY (Sensors) 8w, 0, FVBTHNY VYT, BCVT R, BeFTVT °3TeI 3
QG DNy 033 ris,.




w390 BeWeSesers, Bweveded DB )3 (applied) STLTIBY Byaleeniny @0 DIIJ.
DSIZBB BeSIB, e3¢5 HVSBTEM V0T BB BRIB FeOBIT OTB@e8 WBBED Y, IS,
JeDBNY, BT BIBNY, g Horte TeOriadh BBHAY, FBeINY, WDy TeB FOBNY IVYTT,
oZ BT SCLTI T AWRo3NY TS &9,08,0eNB IFITNW WAoobE. B dwoBnY i BN
Seedeee.

2. a’éagoéﬁ APINW (Theoretical methods)

WPBToFBY dT0BS0TT B)0deennVord Bomon BrebdnvR) B8R0, NI3H Swevd TITVEY
BOR0EmB,B FOWOBPNL, Torte 2o JIBETIRSRY, 5o0E-B0HNT B)Q0B IBOTWITT
33 NY Sor®. GLEeBTHT, 0D FANY ST FoPIIWS rHHTYIReE OB, IS
DT, BREEI AOLTDT, BRTTDN S5 DedaiyoN 22ToRITTD.

mm
F=(G 11782

)
DT BDeBTEITY F —rHTS,BREE 00, M1, M2 — DT Fo0LNRY TN, I — YN SBIS 03T,
DR G - JTESB MHDS, Nabzeoz (universal gravitational constant). ed3 DT BRI
SREIS 0BT Jodert AabD) HDTYBREEW BRIosn WBDUIDHS OTERe Feodhnw
aéoafoi)d& ToRPEFDN ITORDIT. f&daﬁgﬂ MDZ,BREEIT R)mq)oédﬁduaode? Q0. 07e30TT,
e BDEBTENY) NIDTY,BREED WOT emc:; 3 mdsadai& ASTODJHDY. TR ToddnY, Soabne
SRS HDTBREE WOT BIINRTITE LBV, RGBS, WBN DT, IS Towox; DTeZS 0w
(general relativity) 2,02 AW03 - 20T &JTZIT FvobBomoesorda Bed-5o0T (space-time)

B3 ohe DT BRE € WODN FBLITIDIT D0TN VTV HVT BB F9TEIBY, ITEAWST.

eOR HVTBTED Foabri¥ BWuFoboBahe STOTRIR BUIBOS[AYRY, ATTT Med3 TRDBO
3VBBDS VBB, 3CLTITY ;03038 PRI BeoLS. B8BT RO IDIAT -
e BVTeBTELOTHT Dedried3a (algebraic) JcedTeaod JTY Tpxm Teode). 0dredons e
83038 VDBZVNB, B TeBTeNY (partial differential equations) IDwem (33 4 Seed). INY
0333 wOZTHN (general solution) REBM Med3ToZRD, P3DF LD, D0BADDAW D)
AT AT BeFT 3R WS DSWRT. YN, SOWoD 200 SR &0 FevosSzedSeeN
0BT FYRAS FTF-wodd FoI0DT® TDR) ROTJoBI 2seesFe rieed0dher Jess D0 GINee T
MPOTGErmeN ‘FodobTs-Besd [edTn’ 20l BIOJTNG. & IBIIIT 38033
0053 ‘Be Med’ Sog’adw (Clay Mathematical Institute) 20003 e 8300 F90hT -3 €3¢




BeDeBBENTY, NeI8T 7 03,038 3o IDINPedRodod D3R, BBadeord IS 0d BOHTZ,
B9 2,08 BBUE WHOB BowDNY (DSTeD 7.5 Beetd DHadR) WBTIITRY, eeAID. B
7 SDINPY 2080 BOToTSY, 200389 Tawe B reddvag e ried Sdu,° S Bre3; Sogod
D333 WRDTTORIT BEIBRY, VT30 BLTTY 9230 SweBITD. S8BT FoIoDTE-xiR,e5: Fhesseary
ST VSR, Tartabe LVIRT.

Fooho-TR 65t FebesTerivd

9p , 9pw) I(pv) 3(pw) _

at ox ay dz
6(pu)+6(pu) a(puv) a(puw) dp 1 [01y, 04y 0T,

at ax ady az aJrRe dx + ady Bz

3(pv) ﬁ(pm:) a(pv?) 6(_a1;w) dp 1 |91, y+6ryy+ary +0f,
ax ay 9z

at dx ady 0z dy Re

d(pw) d(puw) 6(priw) B(pwz) ap 1[ Ei'ry + s of.
T

at Ox T8z Re

BB 4~ YRS ST -LUROD F9I0T" DB) ROTIOBS 5o e, 0hes [ st Do) IZFIIME
S0V B 2OVIDANDE 'TOIATF - ¢3¢ BDeSTENYRY, 19303 BSROSTY 0B

VD), F 0B, T B BOHT LNTT, FDeB8TENY @j0dee3Iah? IS 0d S0Te3a8VE Ibrt
UBARVTTIRDD? WD 2. BBT B BDeBTENRONT ToarJ & B0HC B30T, B0 BOIS 30T
JFeR SoBIFNYY IDEF DT, &B,eBe308 BOBITNH VDT, VB, WBESTBBRFLD 2,08
TV LLTIBHTE DY e PEE.

T 0 eVOJT DERoW wWO TeeriededNS D00 BPWR,LH. TR A Jeiee
3,03eine 8neledrd JouuSah ST bR w3t Ve, HoakreN ehwNdeodee, S e SO
JoNeBTY, Bevdpoddne Beerbdeds. 8T3T B0dreess,N JoSe Fo0RY, 3OTeIesNTT &8 Bedd
SEobRY, Feed, aroad B3RO WBOJeSed? Srichdedeieserd ST areFHch? a0t MHHAD JoenizzeN
Sodrees erhBedS. JPeah ODSDRYRY D3V, reewedod dedabd IhBudoZobe
Seedr3es. 8E8 wod Be3DoT DBR0D TeBB, JITTeRIIR BT JITTRT  WLBD
BRcHObRY, BT Sy teevesedriodabe S0neTeled. A 0iye30B3 Fo) S, Foe) Bridbotede,
WY -FohiRoBde BT Fodresdond IzRwN FDB TedR Wedod ST (radius)
BReDZ0DY vB03 Jgy BT, BT TNTIIRITY, IBTOSIIITO ;08706 TWeT 3RO
33~ BeedJBB@BoZ  PYehadh FIah I0HDNW  NdDedrderd3h.  dert
D03 B,ressen Foed) I, By b WBTeLDBeI.




0308 NFIIMH SOHTIT FLBTENTRY, VTPeE)S JowIen ot &508,0eNd, BO0HTHT FoTReRDES
TR TY) BeTHZT. VBO0W T 300 JoWIFNY PIIIY F ohoorha STVTWIN
rbeozgnny SWSP3ARY, DBdbBTD. FIB IS (viscosity) BDNZO, BODY LDITZO
(steady), &3 Send (T3 Serid, 038 H23) BOII 30DY, W03 0B Send BOTBO, bert I
0BIENYY ed TLeBTENTRY, NMedST BP0V WD VRIS awew) TRBD0T &3 eBDT,
ToTIES, LN, FTVPeB)S TRwd, SCWIMW. &Mt TRH0STR0T BDESTEHNYRY, Ned3T
QA BRI)Y w3 BOBOTLIRWD.

B80T QWL TI0DT-T,eE’ TVeDeSTENTITTR Tert W0BJ)? HVBT; Todeenny B0BeLs DA
ReDesTENY CuS5900 30,7330 JoadeeaSad Swwd. SouJ3ad rrvgnnvsy ez N
MDA, OJYNTRY, BBOIT, ©0BT3,0h+ @rerB30ad B0, FMOT 20T ATOIH) SRV B2 TBIT.
8 BOBY AZodadh [yRJIdewIabI) B0ZDBT 0BT SwHIMiTeTW).  YVWBTHT, 0T
JOMYBBTBODS ALY T3 reednyd et w33 VeDHBT; BT SoTVB, RMEITIN O,
T BT BIYTHBT 0T @,08ReNNY DPVB VoY) SPTR) D0 BN, B8TT T3
Fo06RSeD? — QoW BT 1T LMY BOT dwgo3dY (Kinetic theory of gases) S sVSTID, ARDIST;
©AUT BN dUy B[R BODADIHBO0BT, 088,080 IBDS Trte ToMeyBBE Meedn
Bearie Bed 8rdd Jozyaesnwd (collisions) TowBweN 3BBoZ FBHHBT. Y WAVMY WO
ATROBT WD D)adeeNmelT, w33 IR (correctness) S0egodwe @odeeniae SNDHIT. S
&ogoéd) JOadreNTade? ST e? @d@( ®ed), B)odeenny Swewd @d@( dﬁeé@&ém%m@d).

85 BedodoN, NANW STVDTT JTYOBNTY, Forie VYT ICVeE)S TRBNYY, & odeenny
BB B0 B)AWST.

3. 503@53@ AN (Numerical methods)

e, 08 BdRMIB,E DB F;03038 IPeIPNOZ JowYB,3 IPeINW V3esTY); STEI
DBZT oSBT DID 70 SREN V0T BTN, VI, WBFTBBRY L wold JTY
BERDeBTEISIY, (quadratic equation) BONespeed:

x2—-7x4+10=0

eOT Bes0HT BeF @R, DEDey, X I oded WPYMW BesTHS, JOBPODST Do),
3PaheIedT. AW, T BMEFIRTIY, WFIWN, X S SPYMD 2 DA 5 20t 3PDDIT. VB,




LMD BOZTVBMTD. 0T Sty BRFB, BBV TIFIVDTT O SIDITD? &N Yrie!
BRHB FPYMP, o) VoWYB,B IPISNPoT I, ST, /WD Herfowd Speddoess.

eOT BWeBTHTO X S 20T WD, 1 Q0D enbIeen. 8 SPOBIY SeOT BDesTHRT
QTPNT rHeadeedodhd FSBITIM, BT &o) 0 WBW 4 WDHST. 13593083 ID, SRTY YWNE X
S PBY; A I, A0eZabo3od. wde Oed @R oD VT TyTReE, - 3 DOTD. BN rHEIERES0D
00 -2 8N, WBSFE ~ ID, B TR PVBNY IS odedhdee wotd BPY, JeBTEB,
SOBRODIT; &8 @oe) B rheadeedod B3P 0 SNDHIT. TorteN B eHedS snHaeE,S0HobRY, DI DI
RDPBO0T X I PV F, (FeF)) FABDT o WeTRIBT. VT 303D, HTBID HeeBIMe
WL VoR) ms@oﬂacgdm, QIB, @3503 @Q(&oé df’ae)éﬁeédg( & JOWAL N AR

édomgd JeesTenxd  BDeDZ00T, 3@6.) Qo33Ge Do DIONST. B8TT VTB,
SorWeBT BTN Tosf;, Irw@eN  wFn3aegddon  B0mREdI  Iweahdonee
SerIeSHBT. HoroN IRD0T IweF, B0 EIOI Fox,TemeBS (processing power) BYB0I3
0B, B IR WHBWe LI WNTY 2oVT. B IR IPIMY VI BT FoTEN V.
SRBOIATN, ©9,08/0eNS IFISNVT 3e5003 Hed), VSO T BET BBBEY) - 20T VS
80*’@/5)5&.38@6 ToB). 87000 VoTPFIN WeBord aDE-TITO NDVBE  LVIS0DTNHBT.
ABBI DTN, ;09088 IpoSnvOabod Zexdv JIVY JorIenemen SreZBVs, S0SBFoSnd
BoRDS BFT SDTMPRR, JdhTwVE). 080830 R JTHT BOTITNY WAL wIHert
B e3e08 o938 SPUMPRY, DB, BT B0t BOmechS0rN 0deeNTew evzed
B0z L303 e’ NY SIS wnid,. TeomeN, 85 IPISNHRY, WIIW 23, Ned3d IggaINY B3
B0 E30° JgzoT @OedS0de Foedrt T3,

S0PYIBFZ IPISNY SCOTITTY Sewied JoTREFEIMR, S03RFeIBY SCLTRT I3 NY
853903 BOTTENY ITYRER, 20T TR B0droch SoWBRLS. VLW IFIS Tarte S0SFSBY




B33, 5 () ~ BBLTIIF T AWOBNHRY, BBOIB, NesBT APBBODS FDeBTENTIRY, Bowy 3,3
APRNY w3 BoRR IO IH2LB0T SOBODIDID. U3 5 (D) — WoBE Jowy 3,3
@0HTNR V0T MePA0T BMHS FREHRVTY, BBV FeeeN 2,00 503 B8FTBY,
LB PTVBD. VY DLVAD Teglnw MoRod BUITT PeveTesdnwoNS (streamlines).

wRBeZ IDINVTT B3I BoRET' MY IVIV0T  IF30NHRY, B B SeSNnY
SVIPZATY, SRV, IVYRT G ©oBMFRY BO2eDD PV VDI Toxrer NS,
VT OBTHBN, ROW MeLAVOT0EIINDI a;}a?maoodﬁ& BRNRPDT TewaN 806/363306 N AIN]o]a]
2308000 F90F BZITITY, VYR WRBINDHBT. BDTTITTT, RILIR VOV BIRIIT
230h BRIt TDoRSB IIEIDRY, IBOWT VDeBTNTRY WFD B0BREOI0T B3
J59,2300M% 8700 &hedS BRI U RIS, Do) DIIT; WIS el 0f MY D) Bogetso®
n¥Q Jome, B3N (processor) TosroripedIBabY, (heat dissipation) SOadyeN dabod,Bew @d&(_y&’)a‘
Fe3BrY SHedS MPad JoBLFDRY, 0B S0eRE30 J59,23907 V0T ©OBedDTIT. &ert
NFIRT DR B0BFT B BB OO FeFNHO VOW) VoWYB,B ITRINY WS FReBITTD.

VEL VT BoPYB,B TN B0, &t WBOTTINE SDZNY B35e8 SALT JeSI
Sorte WRTEIB. VTIBTET, VRADER w¥r BrHD RS SBRTIRT H09,ISDODES Beariw?
SRS SoFrecw @B30driwd, BPHNY BUSTUN D) VPV FoIIDS IT)Fe,08¢0d ZeFNwy
(electromagnetic fields), @R, BODID IBTMFD, ROWD BoFREOIO TLESTENY S59,2500MY
VB AFIIND SPDBEARN,BT. &ert LDIT FOSe0TMH IV dod Bdeenny Swewrsce
B0egDTIT. TarmN, ST IFBOOW VowYB,B IR B08eNe3,3 &) F;09038 AFINY
B3 WBY WeBeN &5,250038 FoZRFIL, Torte 9038 ITYTBRY, ASFLIW DBI,T Ho,
SoDES.

T00003 D) 3eieesS

BBVTIND) RFIRT Torie S0BRFINTY ©@eT DY), BODT. VWS BFAHIY) @B)adeenny,
ATROBNY FOT WEDTVD0T SBEDOWD VOW S0FREIOIT FowYSB,B JPINPoT BadyRadyaN
BYANIT. IPISB B FeSD) WPBTT RO, NeIBToT RO, D0BABTHNYRY, BewT TR,
Tl ¥R, AT @BOe330d SRR, IYBNET. *BF, F90e S, B3300 XeBIBY STOBHNY
30DNY @9 @0 Tare VYMY AWOBNYRY, ISODES FebesBerts 383, B3 Seaa LTHSY
BT 0D FoW-ZIRDNPY LIDHEDS LY BN DIBO0T 3CLTJTO s3I 0




oY 200@), VoINYRY BPBDHDBS. SCVDTT VFOHIBY BVTID FeFN V0B FDINW
QDIS. BBID F0S8T alred 3T FVT FeDBeS oW RwordBmeNode BeWJYHD 3@ e300
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Determining the Force Constant of a Spring

Dr. K.S. Kiran, Jain University, Bengaluru

Aim: Todetermine the force constant of a helical spring from its load-extension and by the method o
oscillation.

Apparatus: Light weight helical spring, slotted weights, stopwatch, Scale etc. Simulation software
Online simulation link: https:/ /phet.colorado.edu/sims/html/masses-and-

rin lat ma -and-sprin all.html

Formula used: Load-extension

F
F = kx or k=L

X
Oscillation method
m
T = 2nv_. or k=4m? _ k 4m?
k i Slope of graph

Procedure:

1. Suspend the helical spring from a rigid point support, as shown in Fig. Set the meter scale
close to the spring vertically.

2. Record the initial position of the pointer on the meter scale, without any slotted mass
suspended from the hook.

3. Suspend the slotted mass on the hanger gently. Wait for some time for the load to stop
oscillating and attain equilibrium (rest) position, or even hold it to stop. Record the position o
the pointer on the meter scale.

4. Repeat the procedure with different mass.

wn

Compute the force and force constant using given formula.

6. Plot the graph by referring given reference graph, calculate slope and the force constant, anc
compare with the calculated value.
For oscillation method, suspend the mass and measure the time period using stopwatch.
Compute the force constant using given formula.

9. Plot the graph by referring given reference graph, calculate slope and the force constant

compare with the calculated value.

10. Compare the calculated force constant using both its load-extension and by the method of

oscillation.
Results:
Force constant using Load-extension method, K= ............... N/m
Force constant using oscillation method, K=.......c.c.c...... N/m
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Table 1: Load-extension method

F(N)
Load extension method

T (s?)

m (kg)
Oscillation method

S. Mass Force, Position of Extension, Spring
No. suspended F=mg the pointer X(m) constant, K
from the (= F/x)
spring, m(kg)
1
2
3
4
5
Table 2: Oscillation method
St Mass Mean No. of Time for(n) Time
No. suspended | positionof | oscillation oscillations, period,
from the pointer, x | s, t (s) T=t/n T2
spring, (cm) (n) 1 2 3 Mean | (s)
m(kg) t (s)
1
2
3
4
5
Load-extension
F=kx or k="-
X
Oscillation method
T =2 m or k=4m ™" a2
k T2 = Slopeof graph




Determination of the coefficient of air resistance using a simple pendulum

B A Kagali, Bangalore University
T Shivalinaaswamy, Maharani Science Colleae, Mvsore

Abstract: The amplitude of a simple pendulum slowly decreases due to the air resistance encountered by
the pendulum bob. It is possible to determine the coefficient of air resistance by carefully measuring the
pendulum amplitude at various times.

Introduction: A simple pendulum is a classic physics experiment that consists of a bob (weight) attached
to the end of a string or wire, suspended from a fixed point. The pendulum swings back and forth due to
gravity, executing simple harmonic motion.

Simple pendulums are used to demonstrate fundamental physics concepts, such as gravity, oscillations,
energy conservation and simple harmonic motion. They also have practical applications in timekeeping
(clocks and watches), Seismology (measuring earthquake waves) and Navigation (gyroscopes and inertial
navigation systems).

Theory: Assuming the air resistance force proportional to the velocity of the bob and neglecting the
resistance faced by the string, the equation of motion of the bob of mass m and the string length [ is

16 = —mgl sinf — kAl 1)
For small amplitudes and a spherical bob, sinf = 6, I = ml?.

2 0+ (2)0+kAb =0, @)

We can solve this (with the assumption) 8 = Re[e~@¢].
—g2 2 4 kA Y _
Hence,{ a‘+w +Lma} 0 3
Where w? = <, put 1 = X4,
l 2m

Then a can be obtained from a? — 2il a — w? =0 4)

2iA+V—-422+40?
o = (5)




As |1| << w, due to small damping effect we get

a=vVw?2 =22 +i1 (6)

This means the frequency of oscillations is Vw? — A2 and the damping coefficient is .

That means 6 = e~ sin{Vw? — 22 . t}

For |A] << w, we get a plot for the amplitude 6,4, Where 6,,,, is the maximum angular displacement

I 3

emax ‘l'

A 4

Experimental Procedure: We setup small oscillations in a plane (of a pendulum with mass m and bob
radius R). Then record 6,,,,,.as time passes with the help of angular scale and camera. i.e., the pendulum
is set to make small oscillations, the angular amplitudes at different times are recorded. A mobile phone
camera can be used to record the angular displacement.

Nail
|_» Various angular lines

/, Plywood board

v

Vertical angle =0

From a plot of Log,(0max) Versus time, we get

Log. (Bimax) ®

A = —slope of Loge(0pmayx) VErsus t.




But

kA
T om’

A

Therefore, k = 27"1.

Thus k is independent of [ and we can assume A = mR?.

Hence by knowing mass and radius of the bob we can estimate k the coefficient of air resistance. The
experiment can be repeated for pendulums different masses and radii to get the best possible (average)
value of k. Changing mass or radius of the bob should not change the value of k, this can be verified
experimentally.

Result: The coefficient of air resistance is foundtobe ...................

*kkhkhkk

The important thing is to never stop questioning. — Albert Einstein
Somewhere, something incredible is waiting to be known. — Carl Sagan

The good thing about science is that it’s true whether or not you believe in it. — Neil
deGrasse Tyson

Science is organized knowledge. Wisdom is organized life. — Immanuel Kant
In science, there are no shortcuts to truth. — Louis Pasteur

The science of today is the technology of tomorrow. — Edward Teller
Exploration is the essence of the human spirit. — Frank Borman

Nothing in life is to be feared; it is only to be understood. Now is the time to
understand more, so that we may fear less. — Marie Curie

If 1 have seen further, it is by standing on the shoulders of giants. — Issac Newton

The imagination of nature is far greater than the imagination of man. - Richard
Feynman

An expert is a person who has made all the mistakes that can be made in a very
narrow field. — Niels Bohr




WEBINARS HELD FROM 1 AUGUST TO 31 OCTOBER 2024

SI.No. | Date Speaker Topic

1 04.08.24 Dr.Abdul Khadar Composite Materials

2 11.08.24 | Sri.T S Suresh Agastya Foundation

3 18.08.24 | Dr.P Venkataramaiah | Role of Universities in high school
Science and Maths. Education (Kannada)

4 01.09.24 Dr.Deepak Dhar The Curious Relationship between
mathematics and Physics

5 15.09.24 | Dr.Sujatha S Optical telescopes

6 22.09.24 | Dr.Ajith From Galileo to Gravitational Waves

Parameswaran

7 06.10.24 Dr.C V Yalamaggad How can liquids be Crystals?

8 13.10.24 | Dr.K S Dwarakanath | The Radio Universe

9 27.10.24 | Dr.J R Tonannavar The Incredible Raman!

The Science Program Enthusiast

After attending a series of science programs, a curious participant told the
organizer, “I’ve been to all your workshops this year — physics, chemistry,
biology — but I still feel like I’m missing something!”

The organizer chuckled, “Well, maybe you need to attend our next program on

magnetism.”

The participant looked puzzled, “Why magnetism?”

The organizer smiled, “Because clearly, you’re attracted to science!”




ACTIVITIES OF KPA MEMBERS
(From 21°t September to 31% October 2024)

Dr. K.S. Kiran delivered a talk on Crystal structure determination, molecular docking and
dynamics of arylidene sinusitis as potential JINK3- inhibitors for ischemia-reperfusion injury.
At 4" International Conference on Pure and Applied Chemistry organized by the Dept. of
Chemistry, KL Deemed to be University, Vijayawada, Guntur dist, 2-3 Feb 2024.

Dr. K.S. Kiran spoke on: Crystal and molecular docking studies of 3-hydroxy-2-((2-hydroxy-
4,4-dimethyl-6-oxycyclohex-1-enyl)  (4-methoxyphenyl) Methyl)-5-dimethyl cyclohexyl-
2enone- with focal adhesion kinase inhibitors, 15" international conference Advancement in
polymeric materials APM 2024, organized by CIPET: IPT Ahmedabad. During 14" and 16™
March 2024.

Dr, B.S. Srikanta delivered a talk on the life and legacy of C V Raman at Sarada Vilas College,
Mysore on 28" February 2024.

Dr.B A Kagali and Dr. B N Meera visited Agastya Foundation, Kuppam as Chief guests to
interact with the participants at a workshop for high school science teachers on 1%t August 2024,
Dr. B A Kagali and Dr. P Nagaraju served as resource persons at an experimental workshop for
students at Rajeshwari School, Bengaluru on 14" September 2024.

Dr. B A Kagali delivered a talk on the end stages of stars at BIFR, Bengaluru on 28" September
2024.

Dr. B A Kagali and Sri Liakhat Ali Khan served as resource persons at a workshop for students
at BBMP Higher Secondary School, Kodandaramapura, Bengaluru on 25" October 2024.

Dr. B A Kagali served as a resource person at Siddaganga Public School, Chandra Layout,
Bengaluru on 28" October 2024

Sri H.D. Ananda served as a resource person at BMS College of Engineering on 28th October
2024.

Dr B. Rudra Swamy participated as a resource person at BIET, Davangere on 21% October 2024
in the workshop on Advanced Research Project Proposal Presentations.

Prof. Raghavendran delivered a lecture on Physics problem-solving at AES National College,
Gauribidanur on 15" October 2024
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