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Foreword

nanage where the pursuit of knowledge often races ahead of introspection,
the story of Acharya Satyendra Nath Bose emerges as a timeless reminder
that true progress is rooted not merely in discovery, but in the human spirit
that fuels it. As I reflect upon the pages of this meticulously crafted biography,
I am struck by how profoundly Satyendra Nath Bose’s life resonates with the
aspirations of a modern India, one that seeks to weave scientific rigour with
cultural pride, and innovation with inclusivity.
Acharya Satyendra Nath Bose was not merely a physicist; he was
a visionary who transcended boundaries. In the early 20th century, when
colonial India grappled with limited resources and recognition, Acharya S N
Bose dared to reimagine the universe. His derivation of Planck’s law, which
gave birth to the famous Bose-Einstein statistics and the concept of Bosons,
did more than just revolutionise the domain of quantum mechanics—it
announced to the world that genius knows no geography. Today, as India
strides forward with initiatives like Atmanirbhar Bharat (Self — Reliant
India) and the National Education Policy (NEP) 2020, which emphasise self-
reliance and holistic learning, the journey of Acharya S N Bose feels strikingly
contemporary. His life embodies the very essence of these policies: the belief
that curiosity, nurtured by opportunity, can transform societies.
What elevates this biography is its ability to humanise a legend. Through
vivid anecdotes—his humble beginnings in Calcutta (now Kolkata), the
audacious letter to Einstein, and his love for the es7zj amidst groundbreaking
research—we encounter Satyendra Nath Bose not as a distant icon, but as
a man of flesh and conviction. The chapters on his role as a teacher and
mentor resonate deeply in an era where education is increasingly viewed as
a tool for empowerment. Acharya Bose’s classroom was not a space of rigid
instruction but a sanctuary of curiosity, where pupils were urged to #hink
beyond textbooks. Such narratives remind us that science, at its core, is a
deeply human endeavour, driven by questions, failures, and the occasional

leap of faith.
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The Vidyarthi Vigyan Manthan (VVM) Editorial Board and Academic
Committee deserve heartfelt commendation for this labour of love. In
compiling letters, photographs, and rare archival material, the authors
have not merely documented history—they have breathed life into it. The
inclusion of S N Bose’s correspondence with Einstein, glimpses of his familial
bonds, and even his poetic musings on science and music offer readers a
multidimensional portrait. This book stands as a testament to the commitment
of VVM to preserving India’s scientific heritage while making it accessible
to young minds. In an age of fleeting digital content, their effort to craft a
narrative that is both scholarly and soulful is nothing short of revolutionary.

To the reader, I say this: Let this book be more than a chronicle of
achievements. Let it be a mirror reflecting the values we must cherish—
resilience in adversity, humility in triumph, and the courage to bridge worlds.
As our Bharat — our India, positions itself as a global hub of innovation,
the legacy of Acharya Satyendra Nath Bose reminds us that our greatest
breakthroughs will emerge not from isolation, but collaboration; not from
chasing accolades, but nurturing curiosity.

In closing, I am reminded of a sizkzi from Hitopadesha which is a necessity
to be nurtured in the student fraternity of 21st century India. It reads: fa@rm
gaIfd fa=d famrarg arfd U™ | meaning: Knowledge makes one humble, humility
begets worthiness.

This biography, Satyendra Nath Bose — Father of Bosons, much like the
man it celebrates, is a humble yet profound gift to humanity. May it ignite
in you the same fire that once led a young boy in Calcutta (now Kolkata)
to scribble equations on the canvas of science and in doing so, redefine the

cosmaos.

Prof. Ashutosh Sharma, FNA, FNAE, FNASc, FTWAS

Padma Shri

President, INSA

Former Secretary, Department of Science and Technology, Govt. of India
Institute Chair Professor &

INAE Visvesvarya Chair Professor &

Coordinator, DST Unit on Nanoscience &

Center for Environmental Science and Engineering

T Kanpur, Kanpur



Preface

n the heart of colonial India, amidst the vibrant cultural tapestry of

Calcutta, a curious boy named Satyendra Nath Bose grew up dreaming of

the mysteries of the universe. Bose’s world was one of modest means but
rich intellectual encouragement, where his fascination with numbers and the
fundamental workings of nature took root early. This biography is the story of
that boy—his growth, his passions, his struggles, and his transformation into
one of the most celebrated scientists of the 20™ century.

Satyendra Nath Bose’s journey is a testament to the power of curiosity
and determination. Despite living in a time of colonial subjugation, when
opportunities for Indian scholars were severely constrained, Bose refused to
let the limits of his environment define the scope of his ambitions. From
excelling at Presidency College, where he formed a lifelong camaraderie
with Meghnad Saha, to mastering abstract mathematical concepts, Bose’s
prodigious talent and thirst for knowledge set him apart.

Yet, this is not just a story of intellectual brilliance. Satyendra Nath Bose
was a multifaceted individual—a devoted family man, a passionate teacher,
and a patriot who deeply believed in India’s potential to achieve scientific
greatness. His humility and simplicity, even in the face of global recognition,
made him as admired for his character as for his accomplishments.

Central to Satyendra Nath Bose’s legacy is his groundbreaking
contribution to quantum mechanics. His seminal work on Bose-Einstein
statistics forever changed the way we understand the behavior of particles at
quantum levels. It was this work that inspired Albert Einstein to recognize
Bose’s genius and collaborate with him, leading to the concept of bosons
and the Bose-Einstein condensate. This revolutionary leap not only placed
Bose on the global scientific map but also set the stage for developments in
quantum theory, lasers, and superconductivity.

As you turn the pages of this book, you will encounter the milestones of
Satyendra Nath Bose’s life—the struggles he faced, the triumphs he achieved,

and the deep impact he left on science and education. You will also glimpse
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the broader context of colonial India, a nation yearning for intellectual and
cultural self-reliance, and how Bose’s achievements resonated beyond the lab,
inspiring generations of Indians to believe in their own potential.

This biography celebrates Satyendra Nath Bose not just as a scientific
icon but as a beacon of hope and a source of inspiration for young minds.
His life is a vivid reminder of the importance of perseverance, intellectual
curiosity, and the courage to think differently—qualities that are timeless and
universal.

As we delve into the narrative, we will explore Satyendra Nath Bose’s
early years, his personal life, and his monumental scientific achievements,
culminating in reflections on why his story matters today. The book aims not
only to chronicle S N Bose’s life but also to inspire readers to dream boldly,
pursue knowledge with passion, and contribute meaningfully to the world.

This is not merely the story of Satyendra Nath Bose, the physicist; it
is the story of a dreamer who dared to question the unknown, of a teacher
who nurtured the minds of his students, and of a patriot who believed in
the power of science to shape a nation’s destiny. It is a celebration of the
human spirit’s boundless potential, a spirit that Bose exemplified throughout
his remarkable life.

May this journey through Satyendra Nath Bose’s life ignite in you the
same curiosity and determination that defined his own, and may it inspire
you to look at the stars, the numbers, and the world around you with a fresh

sense of wonder.

Satyendra Nath Bose’s Legacy in Key Points:

® A childhood marked by curiosity and a love for mathematics, nurtured
by a supportive family.

®  Formative years at Presidency College, where his intellect flourished
alongside Meghnad Saha.

®  Groundbreaking contributions to quantum mechanics, including Bose-
Einstein statistics and the concept of bosons.
A passionate teacher and advocate for science education in India.
A patriot who navigated the challenges of colonial India to make

enduring contributions to global science.
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®  Asource of inspiration for aspiring scientists, exemplifying perseverance,
innovation, and humility.
Let us celebrate the legacy of Satyendra Nath Bose—a curious boy who
grew into a cerebral man whose work continues to illuminate the mysteries

of the universe.

K. Venkataraman
Amritanshu Vajpayee
Nandini Phanse

Shilpa Parikh
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Postal stamp released by Department of Posts, India,to commemorate the birth centenary

of S.N. Bose in 1994 Image Source: hitps://www2.bose.res.in/Prof.S.N.Bose-Archive/
objects/0131.jpg



List of Abbreviations

BEC

CERN

FRS

IISc

INSA

ISI

LASER

LHC

MRI

NASA

SNBNCBS

TIFR

Bose-Einstein Condensate

Conseil européen pour la Recherche Nucléaire
Fellow of the Royal Society

Indian Institute of Science

Indian National Science Academy

Indian Statistical Institute

Light Amplification by Stimulated Emission of Radiation
Large Hadron Collider

Magnetic Resonance Imaging

National Aeronautics and Space Administration
S. N. Bose National Centre for Basic Sciences

Tata Institute of Fundamental Research

XV



List of Figures

1.

MR BN

N

10.
11.
12.

13.
14.
15.
16.
17.

18.
19.

20.
21.

Figure 2.1: Satyendra Nath Bose (seated 2nd from left) and bis family c.1960s
Figure 3.1: Letter from Bose to Einstein [4 June 1924]

Figure 3.2 [In a Postcard] Einstein to Bose dated 2 July 1924 [In German]
Figure 3.3: Letter from Bose to Einstein [27 January 1925]

Figure 5.1: Bose receiving D.Sc (Hon.) from Dr. Zakir Husain, Delhi University,
1964

Figure 5.2: S. N. Bose National Centre for Basic Sciences, Kolkata

Figure 5.3: SNBNCBS logo

Figure 7.1: Nobel Prize in Physics 2001 for achievement of Bose — Einstein
Condensation

Figure 7.2: Nobel Prize in Physics 2013

Figure C.1: S.N. Bose in his student days (1910-11)

Figure C.2: Bose- Marriage with Ushabati in 1914 at the age of 20

Figure C.3: Acharya P C Ray with Bose (extreme right) and some of his pupils
(1914-15)

Figure C.4: SN Bose with Indian Luminaries

Figure C.5: Bose with Niels Bohr

Figure C.6: Bose with Paul. A.M. Dirac

Figure C.7: Bose with Bertrand Zadoc-Kabn in Paris (1924-25)

Figure C.8: Bose playing the esraj for the Mabalanobises on the occasion of a
wedding anniversary

Figure C.9: Bose's 70th birthday celebrations

Figure C.10: Bose with academician K.N. Kolmogorov, RC. Mahalanobis at IS]
Convocation

Figure C.11: National Science Congress Association appoints S.N. Bose as a Member
Figure C.12: Bose viewing a photograph of Einstein, 1953.

*okk

List of Table

1.

xvi |

Table 3.1: Key Comparisons Between Bosons and Fermions at a Glance



CHAPTER1

Early Life and Education:
The Making of a Prodigy

faen gerfa famr famrane arfar urram)
UEETGTHT AT aa: gl
Knowledge gives humility, from humility one attains character;
from character one acquires wealth;
from wealth, righteousness follows and then happiness.

n a crisp winter morning of January 1, 1894, in the vibrant city of
Calcutta (now Kolkata), a baby boy was born into a middle-class
Bengali family. Little did the world know that this child, Satyendra
Nath Bose, would grow to become one of the most brilliant scientific minds
of the 20" century. His journey, marked by an unrelenting curiosity and an
extraordinary aptitude for academics, was set against the backdrop of a nation
under colonial rule. Yet, Satyendra Nath Bose’s life was a testament to how

passion, intellect, and determination can transcend all barriers.

A Childhood of Curiosity and Wonder

Satyendra Nath Bose was the eldest of seven children in the Bose family.
His father, Surendranath Bose, worked as an accounts clerk in the East Indian
Railways, a job that required precision and an analytical mind. The grandfather
of Satyendra Nath Bose, Ambikacharan Bose too was an educated person who
had worked in the British military commissariat. So, the culture of modern
education was deeply rooted in the family. It was perhaps from his father that
young Satyendra inherited his love for numbers. His mother, Amodini Devi,

though had a nominal education at a primary school in the formal sense,

|1



was a woman of immense wisdom and played a pivotal role in shaping her
children’s values. She was the daughter of Motilal Chowdhary, a renowned
lawyer and classmate of Bankim Chandra Chattopadhyay. Amodini Devi
ensured that the home was a place of discipline and encouragement, fostering
an environment where curiosity thrived.

Young Satyendra Nath Bose was a gifted child and his inborn talent
flourished in the congenial atmosphere found at home. Whenever his father
went out, he gave his son sums on the cemented floor of a room which was used
as a store. Here young Satyendra would go on writing numbers to his heart’s
content. From an early age, he demonstrated an unusual fascination with the
world around him. While other children played with toys, he was engrossed
in books and puzzles. He would often ask questions that stumped even the
adults around him that made him stand apart. His parents, recognizing his

potential, encouraged him to pursue his interests without restraint.

The First Brush with Mathematics

Satyendra Bose’s introduction to formal education revealed his prodigious
abilities. At school, he quickly excelled in all subjects, but it was mathematics
that captured his imagination. Numbers, equations, and patterns were not
just abstract ideas to him—they were a language that explained the universe.
By the age of ten, he had mastered concepts far beyond the curriculum of his
peers. His teachers often marvelled at his ability to solve complex problems
with ease, and they recognized in him the spark of a genius.

It was during this time that young Satyendra’s innate curiosity began
to merge with discipline. He would spend hours poring over mathematical
texts, often losing track of time. The young boy’s appetite for knowledge
was insatiable, and his parents made sure he had access to the best resources
available. Despite the limited means of a middle-class family, they ensured

that Satyendra Bose’s education remained a top priority.
Early Schooling

Schooling of little “Satyen” began at the age of five. At first, he was

admitted to Normal School which was close to their Jorabagan home in
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North Calcutta. It was the same Normal School where Tagore was a student
for some time. Later, when the family moved to their own house at Goabagan,
he had to be admitted to the neighbouring New Indian School. In the course
of time, Surendra Nath became anxious to put his son into an even better
school where his talents would be sharpened by keener competition. And so,
in the final year of school, Satyen was admitted to the famous Hindu School,

a school with a tradition behind it.

Hindu School: Where Talent Blossomed

In the year 1907, at the age of 13, Satyendra enrolled in the prestigious
Hindu School in Calcutta. This institution, known for its academic rigor,
became the perfect breeding ground for his intellectual growth. The school’s
environment encouraged analytical thinking and nurtured his burgeoning

love for mathematics and science.

- ™,

110 out of 100 Marks!!!
Although Satyendra Nath had varied interest, he was
particularly strong in mathematics. The mathematics
teacher of the school, Upendranath Bakshi, was
a legend. He was quick to recognize the signs of
genius in the boy. Once, in a test examination, he
gave Satyen 110 marks out of 100; his argument was
that, in the answer script, Satyen did not skip any of
the alternatives. He had solved some problems in

mathematics by more than one method.

LS A

In this institution, Satyendra Bose found mentors who recognized his
exceptional talent and guided him toward achieving his full potential. One of
his teachers, noting his brilliance, often gave him advanced problems to solve
problems that were typically reserved for much older students. Not only did
Satyendra Bose solve them, but he also developed innovative methods that

astounded his instructors.
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It was also during his time at Hindu School that Satyendra Bose began
to develop a broader interest in science. Inspired by the works of Euclid,
Newton, and Laplace, he started to see mathematics as the underlying
framework of the natural world. His fascination with theoretical concepts
grew deeper, laying the foundation for his future contributions to quantum

mechanics.

Presidency College: The Birth of a Visionary

In the year 1909, after completing his schooling with flying colours,
Satyendra Bose was admitted to Presidency College, Calcutta—one of the
most prestigious institutions in India. At Presidency College, he found himself
among a cohort of brilliant minds and passionate teachers who further fuelled
his academic journey. It was here, that he first encountered the Acharya duo
Acharya Prafulla Chandra Ray and Acharya Jagadish Chandra Bose, the two
towering figures in Indian science, whose guidance left an indelible mark on
him.

At Presidency College, Satyendra Bose’s brilliance in mathematics
reached new heights. His performances in examinations were nothing short
of spectacular, often earning him the top position. However, what truly
distinguished him was his ability to think beyond textbooks. For Satyendra
Bose, mathematics was not just about solving problems; it was about
understanding the universe’s fundamental truths.

It was during his years at Presidency College that Satyendra Bose forged
a lifelong friendship with another brilliant mind, Meghnad Saha. The two
shared a mutual love for mathematics and physics, and their intellectual
camaraderie led to numerous collaborations. Together, they pushed each
other to explore new ideas, often engaging in spirited debates that challenged
conventional wisdom.

The partnership between Satyendra Bose and Meghnad Saha was not
limited to academics. They shared a vision of India as a hub for scientific
innovation and believed that education was the key to achieving this goal.
Both were deeply influenced by the socio-political climate of colonial India

and were determined to contribute to their country’s intellectual awakening.
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Challenges and Triumphs — A Legacy Begins

Satyendra Nath Bose completed his B.Sc. in the year 1913 and
subsequently his M.Sc. two years later in 1915. The year 1915 was a turning
point in the modern history of science with Albert Einstein in the month
of November presenting four papers introducing the General Theory of
Relativity. It was in the very same year of 1915 when Satyendra Nath Bose
achieved a defining milestone at Calcutta University, securing first rank in
the Master of Science (M.Sc.) Examination in Mixed Mathematics from
Presidency College. His exceptional performance earned him the prestigious
Hemchandra Gossain Prize and Gold Medal, distinctions awarded for
unparalleled scholarly merit. Meghnad Saha, a peer and collaborator in
scientific inquiry, stood second in the same examination. In spite of their
academic competition, their camaraderie and mutual respect endured, laying
the groundwork for transformative contributions to theoretical physics.
This moment, etched in the university’s history, marked the ascent of two
luminaries whose legacies would illuminate the frontiers of science. Amidst
their early explorations in statistical mechanics, Satyendra Nath Bose and
Meghnad Saha forged a dynamic intellectual partnership. Between the years
1918 and 1920, the duo teamed to co-author important papers in statistical
mechanics. One of them was on the influence of finite volume molecules
on the physical equation of state.Their work on molecular volume was so
groundbreaking that the resulting formula became celebrated as the Saha —
Bose Equation of State, immortalizing their synergy. These early collaborations
marked significant contributions from both scientists to the foundations of
modern physics. Despite his many achievements, Satyendra Bose’s journey
was not without challenges. The colonial education system, heavily influenced
by British norms, often undervalued Indian contributions to science and
discouraged original thinking. However, Satyendra Bose’s determination
to excel was unwavering. He refused to be limited by the constraints of
his environment, choosing instead to draw inspiration from the works of
European mathematicians and physicists.

During this period, he also faced personal challenges. The pressure of

balancing his academic pursuits with familial responsibilities was immense.

|5



As the eldest son, Satyendra Bose often had to shoulder the expectations of
his family. Yet, he managed to navigate these pressures with remarkable grace,
thanks to his unwavering focus and the support of his parents. He became
a research scholar at the University of Calcutta in a year 1916 and began his
study on the theory of relativity. He also served as a lecturer in the Physics
Department of Calcutta University while studying.

Satyendra Bose’s academic journey was marked by numerous accolades,
but it was his humility and curiosity that endeared him to everyone who
knew him. With a solid foundation in mathematics and a growing interest in
physics, Satyendra Bose was poised to embark on a career that would redefine
the boundaries of scientific knowledge.

His time at Presidency College not only honed his intellectual abilities
but also instilled in him a sense of purpose. Satyendra Bose was no longer
just a brilliant student; he was a visionary who understood the transformative
power of science and education. The friendships, mentorships, and challenges
he encountered during these formative years shaped him into the prodigy
who would later collaborate with Albert Einstein and change the course of

modern physics.

*okk
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2 Key Takeaways from this Chapter ™

1. Curiosity is the cornerstone of genius: Satyendra Nath Bose’s
relentless curiosity about the natural world set him on the path to
greatness.

2. The importance of supportive mentors and family: His parents and
teachers played a pivotal role in nurturing his talents and encouraging
his ambitions.

3. Friendships can spark innovation: The camaraderie between
Satyendra Nath Bose and Meghnad Saha highlights how collaboration
and shared vision can lead to extraordinary achievements.

4. Challenges are stepping stones to success: Despite the constraints
of a colonial education system, Satyendra Nath Bose’s determination
to excel propelled him forward.

5. Education as a tool for transformation: Satyendra Nath Bose’s
journey underscores the transformative power of education, both for
individuals and society.

Satyendra Nath Bose’s early life is a testament to the power of passion,

perseverance, and the belief that knowledge can change the world. It is a

story that continues to inspire generations of students and scientists alike.
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Chapter 2

Personal Life:
The Life Beyond the Lab

e W Yo )it WY SR Aaang|
e ¥ wifcafafergen= <herg o T agsasaq i
Good character is the greatest adornment of a person. It is the
best companion and the key to achieving success. Nothing
surpasses good character as the hallmark of humanity.

en we think of Satyendra Nath Bose, the image of a scientific

genius often comes to mind—an intellectual who revolutionized

physics with his groundbreaking contributions to quantum

mechanics. But beyond the equations, theories, and academic accolades
was a man of remarkable simplicity, humility, and dedication to his family,
students, and his beloved nation. In this chapter, we delve into the lesser-
known aspects of Bose’s life, exploring the personal dimensions that shaped

him into the extraordinary yet approachable figure he was.

The Family Man

Born on January 1, 1894, in Calcutta (now Kolkata), Satyendra Nath
Bose grew up in a close-knit, middle-class Bengali family. The values of
discipline, perseverance, and an unyielding commitment to education were
instilled in him early by his parents. As the eldest of seven siblings, young
Satyendra Nath Bose naturally assumed the role of a caretaker, setting an
example for his brothers and sisters. His father, Surendranath Bose, a well-

read accountant, encouraged intellectual curiosity in the household, while
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Figure 2.1: Satyendra Nath Bose (seated 2nd from left) and his family c. 1960s
Image Source: https:/[www.siliconeer.com/past_issues/2000/aug_00_bose_family_group.jpg

his mother, Amodini Devi, provided emotional support and instilled a deep
sense of moral integrity.

This familial grounding prepared Satyendra Bose for his own family
life. In the year 1914, he married Ushabati Ghosh, a partnership that was
both loving and supportive. Ushabati was the daughter of a renowned doctor
Jogindranath Gosh. Despite his demanding academic pursuits, Satyendra
Bose remained deeply involved in his family’s life. Together, he and Ushabati
raised seven children—two sons and five daughters. He ensured that his
children received the best possible education and encouraged them to explore
their interests, just as his own parents had done for him.

What set Satyendra Bose apart as a family man was his ability to
balance his towering intellectual pursuits with the mundane but significant
responsibilities of daily life. He would often take time from his busy schedule
to help his children with their studies, share stories from Bengali folklore, and

discuss the importance of values such as humility and perseverance.
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Despite achieving global recognition, Satyendra Bose lived a simple
and unassuming life. He avoided ostentatious displays of wealth or fame,
choosing instead to focus on the joys of family, intellectual exploration, and

service to his country.

The Passionate Teacher

One of Satyendra Nath Bose’s most endearing qualities was his passion
for teaching. From his early career as a lecturer at the University of Calcutta
to his tenure as a professor, Bose was more than just an instructor—he was an
inspiration. He viewed teaching not merely as a job but as a noble mission to
ignite curiosity and critical thinking in young minds.

Satyendra Bose had an innate ability to simplify complex concepts,
making them accessible to students of all backgrounds. His lectures were
often sprinkled with anecdotes, humour, and real-world examples that
brought dry theoretical ideas to life. He believed that science was not an
esoteric discipline reserved for a select few but a tool for understanding the
world, which everyone should have the opportunity to learn.

Many of Satyendra Bose’s students went on to make significant
contributions to science, a testament to his effectiveness as a mentor.
He encouraged his students to question established norms and think
independently, often urging them to explore interdisciplinary approaches to
problem-solving. Bose’s emphasis on self-reliance and innovation left a lasting
impression on generations of scholars.

What made Satyendra Nath Bose a beloved teacher was not just
his intellectual brilliance but his genuine interest in the well-being of his
students. He was approachable and empathetic, often going out of his way to
help students who faced financial or personal difhiculties. His classroom was
a space where curiosity thrived, and his unwavering belief in the potential of

his students inspired them to strive for excellence.
The Patriot and Cultural Enthusiast

Satyendra Nath Bose’s dedication extended beyond science. He was

deeply committed to the cultural and scientific growth of India, recognizing
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the critical role education played in nation-building. Growing up in colonial
India, Bose was acutely aware of the need for self-reliance and innovation
in the face of systemic oppression. He believed that scientific progress was
essential for India’s emancipation and worked tirelessly to create opportunities
for Indian scholars to contribute to global knowledge.

During his student days at Presidency College, he was a huge supporter
of the Swadeshi movement. Satyendra Bose’s patriotism was not marked by
overt political activism but by quiet, impactful actions that demonstrated his
love for his country. He played a pivotal role in establishing the Bangiya Bijnan
Parishad in 1948, an organization aimed at promoting science education in
the Bengali language. By advocating for the use of the mother tongue in
education, Satyendra Bose sought to make science more accessible to the
masses, bridging the gap between academic knowledge and everyday life.

Satyendra Bose was also an ardent lover of art, music, and literature. He
enjoyed classical Indian music and was a skilled esraj (a stringed instrument)
player. His artistic sensibilities were reflective of his holistic approach to life,
where science and culture were not opposing realms but complementary
aspects of human expression. Bose often emphasized the importance of
nurturing creativity alongside intellectual pursuits, believing that a well-

rounded individual could contribute more meaningfully to society.

- ™

Bose Loved Music as Much as Math!
Beyond equations, Satyendra Nath Bose played the esraj (@ string
instrument) and expressed himself on Bengali folk music! He believed
creativity fuelled science. So next time physics feels tough, remember:

even the “Father of the God Particle” jammed between breakthroughs!

L A

Humility in the Face of Greatness

Despite his monumental contributions to physics, Satyendra Nath
Bose remained remarkably humble throughout his life. His groundbreaking
work on Bose-Einstein statistics, which laid the foundation for quantum

mechanics, brought him international acclaim. Yet, Satyendra Nath Bose
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never sought fame or recognition. He often expressed surprise at the attention
his work received, attributing much of his success to collaboration and the
contributions of others.

Bose’s humility was evident in his interactions with peers, students, and
colleagues. He treated everyone with respect, irrespective of their academic
standing or social status. When he met Albert Einstein for the first time
in early 1926, after a correspondence of about two years, Satyendra Nath
Bose was not overawed by the legendary physicist. Instead, their discussions
were marked by mutual respect and intellectual camaraderie, a reflection of
Bose’s confidence in his own abilities and his acknowledgment of Einstein’s
brilliance.

Even as accolades poured in from around the world, Satyendra Nath
Bose remained firmly grounded. He declined several lucrative offers to work
abroad, choosing instead to dedicate his talents to the development of science
in India. Bose believed that his duty was to his country and its people, a

conviction that guided his decisions throughout his life.

A Legacy of Inspiration

Satyendra Nath Bose’s personal life was a tapestry of love, dedication,
and humility. His roles as a devoted family man, an inspiring teacher,
and a patriot left a legacy that transcends his scientific achievements. He
demonstrated that true greatness lies not just in intellectual accomplishments
but in the ability to connect with others, inspire future generations, and
contribute meaningfully to society.

Satyendra Nath Bose’s life story is a reminder that even the most brilliant
minds are shaped by the values they hold dear and the relationships they
nurture. His humility and simplicity, even in the face of global recognition,

make him an enduring figure of admiration and respect.

*okk
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reflection of his unwavering dedication to the pursuit of knowledge and
the betterment of humanity. His story continues to inspire generations,
reminding us that true greatness lies not in accolades but in the lives, we

touch and the legacies we leave behind.

L

=,
Key Takeaways from this Chapter

The Power of Balance: Satyendra Nath Bose’s ability to balance his

professional and personal responsibilities is a lesson in prioritizing

what truly matters.

Teaching as a Mission: Satyendra Nath Bose’s passion for teaching

underscores the importance of inspiring and nurturing the next

generation of thinkers and innovators.

Patriotism Through Action: Satyendra Nath Bose’s quiet

contributions to India’s scientific and cultural growth highlight the

significance of serving one’s country in meaningful ways.

Humility as Strength: Despite his monumental achievements,

Satyendra Nath Bose’s humility and approachability set him apart as

a true role model.

Integration of Art and Science: Satyendra Nath Bose’s love for music

and literature serves as a reminder that creativity and intellect are not

mutually exclusive but complementary forces.

Satyendra Nath Bose’s personal life, like his scientific career, was a

7
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Chapter 3

The Quantum Leap:
Bose-Einstein Statistics

I¥g HaRd o= I¥g Tad ufvsar |
T favarven gfgdaafarg Ramf i
The intelligence of a person who travels in different countries
and associates with scholars expands, just as a drop of oil
expands in water.

atyendra Nath Bose’s journey to the pinnacle of quantum mechanics
was not a matter of chance but a culmination of brilliance, curiosity,
and audacity. His seminal work in quantum statistics, which introduced
the world to Bose-Einstein Statistics, forever altered our understanding of
the microscopic universe. This chapter delves into the fascinating story of
how Bose’s revolutionary ideas paved the way for one of the most significant
collaborations in the history of science, culminating in the birth of a new era

of physics.

A Bold Stroke from Dhaka - the Quantum Dawn and the Birth of
Bosons

In the year 1921, a young Satyendra Nath Bose stood at the threshold
of a challenge that would define his legacy. At the age of 27, he had been
appointed Reader in Physics at the University of Dhaka, a fledgling institution
in British India (now Bangladesh). Tasked with establishing a new department
for advanced physics programmes, Bose embraced the role with a mix of

scholarly rigor and quiet determination. The university lacked infrastructure,
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textbooks, and even basic laboratory equipment, but Bose was undeterred.
He designed syllabi for B.Sc. Honours and M.Sc. courses, lecturing tirelessly
on thermodynamics and James Clerk Maxwell’s electromagnetic theory. His
students, many of whom would later become prominent scientists, recalled
his ability to distil complex theories into lucid lessons, often using everyday
analogies. By the year 1924, the first cohort of graduates emerged under his
guidance—a triumph for a department built from nothing.

Yet, even as Bose shaped the minds of Dhakas students, his own
intellectual restlessness pulled him toward the scientific revolutions unfolding
in Europe. The early 20™ century had upended classical physics: Max Planck’s
quantum hypothesis and Albert Einstein’s theory of relativity were rewriting
the laws of nature. Bose, ever the perfectionist, found himself drawn to a
glaring inconsistency in Planck’s derivation of black-body radiation done in
the year 1900. Planck’s formula, E = hv, which proposed that energy was
emitted in discrete packets called quanta—had been ground breaking, but its
theoretical foundation relied on ad-hoc assumptions that troubled Satyendra
Nath Bose. To him, science demanded elegance and self-contained logic, free
from arbitrary shortcuts.

Night after night, in a small room cluttered with papers and books,
Satyendra Nath Bose wrestled with the problem. By early 1924, he had crafted
a solution—a paper titled ‘Planck’s Law and the Light-Quantum Hypothesis .
In it, he derived Planck’s formula using a radical statistical approach, treating
light quanta as indistinguishable particles and sidestepping the inconsistencies
that had plagued earlier attempts. Confident in its significance, he submitted
the paper to Philosophical Magazine, a respected British Journal. Clock
went on ticking with no response from the Journal. Rather than succumb
to doubt, Satyendra Nath Bose made a bold decision. An undeterred,
strong—willed Satyendra Nath Bose decided to bypass conventional routes
and mailed the manuscript directly to the great physicist Albert Einstein in
Berlin, accompanied by a humble letter explaining his work. In his letter
accompanying the manuscript, S N Bose humbly requested Einstein’s opinion
and assistance in getting the paper published. The boldness of this act cannot

be overstated—here was a relatively unknown Indian physicist reaching out
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to one of the most celebrated scientists of the age. Bose’s confidence in his
work, however, was not misplaced.

Albert Einstein, then already a luminary of modern physics, recognized
the paper’s brilliance immediately. He translated it into German himself,
appending a note that hailed Bose’s method as a critical advancement, and
submitted it to the German Journal Zeitschrift fiir Physik, where it was
published in German titled Plancks Gesetz und Lichtquantenhypothese, in
August 1924 with the note:

“In my opinion Boses derivation signifies an important advance. The
method used here gives the quantum theory of an ideal gas as I will
work out elsewhere.”

— A. Einstein

This publication earmarked the beginning of a historic collaboration of
the thought processes of two genius minds. A second paper in German titled
Wiirmegleichgewicht im Strahlungsfeld bei Anwesenheit von Materie (Thermal
Equilibrium in the Radiation Field in the Presence of Matter), followed shortly
in the German Journal Zeitschrift fiir Physik.

Einstein’s endorsement proved to be transformative for Satyendra Nath
Bose. Earlier that year, Satyendra Nath Bose had applied for a two-year
leave to study in Europe, but the University hesitated. When a handwritten
postcard from Albert Einstein arrived, praising the paper as a “most important
contribution,” the administration granted Satyendra Nath Bose a fully funded
research fellowship.

S N Bose’s European odyssey (1924-1926) became a bridge between
theory and practice. In Paris, he worked at Marie Curie’s Radium Institute,
mastering X-ray crystallography and spectroscopy—skills rare among
theorists of his time. He collaborated with pioneers like Louis de Broglie,
whose wave-particle theory resonated deeply with S N Bose’s work, and Paul
Langevin, whose interdisciplinary approach left a lasting impression. These
experiences honed his experimental instincts, which he later channelled into

building Dhaka’s laboratories.
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Returning to Dhaka in 1926 as Professor and Head of Physics,
Prof. Satyendra Nath Bose transformed the department into a crucible of
innovation. Over the next 25 years, he balanced theoretical brilliance with
a visionary commitment to infrastructure. He imported state-of-the-art
equipment—spectrometers, vacuum pumps, diffraction gratings—and
worked shoulder to shoulder with greats like K.S. Krishnan in hands-on
experimentation, fostering a culture where theory and practice intertwined.
As Dean of Science (1927-1945), he nurtured interdisciplinary collaboration,
ensuring that Curzon Hall, the university’s iconic building, buzzed with
debates on poetry, philosophy, and quantum mechanics alike.

Yet, Prof. Satyendra Nath Bose, ever modest, dismissed the fanfare. To
him, science was a collective endeavour, a conversation spanning generations.
For Prof. S N Bose, science was but one facet of a polymathic spirit. A self-
taught scholar, he revelled in literature, music, and biology, embodying the
Renaissance ideal in a modern age.

Satyendra Nath Bose’s statistical method, which treated particles
as indistinguishable, later underpinned the discovery of Bose-Einstein
condensates—a state of matter where particles coalesce at near-zero
temperatures, confirmed experimentally in 1995. Paul Dirac immortalized
his contribution by naming such particles “bosons” and this truly honoured
the foundational work of Satyendra Nath Bose on quantum statistics.
Interestingly, S N Bose’s legacy crystallized around the historic period of
1947, while India was witnessing a new dawn in its history by gaining
independence from centuries of foreign colonial oppression, loot and
depredation.

Beyond the lab, Satyendra Nath Bose was a Renaissance man. Fluent in
multiple languages, he composed music, translated Einstein’s relativity papers
into Bengali, and championed science education in rural India. His curiosity
spanned geology, literature, and botany, embodying his belief that “knowledge
has no borders”. When political turmoil preceded India’s partition in 1947,
Prof. Satyendra Nath Bose left Dhaka for Calcutta, assuming the Khaira
Professorship at the University of Calcutta. Even in retirement (1956), he

mentored young researchers, his enthusiasm undimmed.
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Satyendra Nath Bose’s life was a testament to quiet perseverance. From
the chalk dust — filled classrooms of Dhaka to the radiant laboratories of
Paris, he bridged continents and disciplines, proving that genius thrives not
in isolation, but in the relentless pursuit of clarity—and the courage to mail
a manuscript to a stranger in Berlin.

Satyendra Nath Bose’s European sojourn (1924-26) proved
transformative. At Marie Curie’s Paris laboratory, he immersed himself in
X-ray spectroscopy and crystallography, forging connections with luminaries
like Louis de Broglie and Paul Langevin. These experiences later enriched
experimental work at Dhaka. Returning in the year 1926 as Professor and
Head of Physics, Prof. Satyendra Nath Bose transformed the department
into a hub of innovation. Over 25 years, he championed experimental
infrastructure, equipping labs with cutting-edge instruments and mentoring
students with hands-on zeal. As Dean of Science (1927-1945), he elevated

the faculty’s stature, anchoring research in the iconic Curzon Hall.

A Leap of Faith: Correspondences of Satyendra Nath Bose with
Albert Einstein and The European Sojourn

In the year 1924, Satyendra Nath Bose sought a two-year research and
study leave from the University of Dacca to pursue research abroad. His
application gained unexpected momentum when Albert Einstein sent him a
handwritten postcard praising Bose’s ground breaking paper as a “significant
contribution.” This personal endorsement from Einstein not only secured
Bose’s leave but also earned him a fully funded research fellowship, covering
both his expenses abroad and his family’s needs back home.

Remarkably, Bose’s journey began with a stroke of serendipity. When
applying for his visa at the German consulate in Calcutta, he simply presented
Einstein’s postcard as proof of purpose—a gesture so compelling that the
consulate and subsequently he did not have to pay for the visa fee. Setting sail
for Paris in September 1924, Bose allowed himself leisurely stops along the
way, soaking in new sights before arriving in mid-October. His stay in Paris
became a transformative chapter. Working in Marie Curie’s laboratory, Bose

immersed himself in X-ray spectroscopy and crystallography, skills that later
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proved vital to his students’ research in India. Beyond the lab, he connected
with luminaries like Louis de Broglie and Paul Langevin, discussions that
deepened his fascination with crystal properties. These experiences not only
enriched his scientific vision but also laid the groundwork for collaborative
breakthroughs in crystal physics at Dacca University, led by his colleague K.S.
Krishnan and his students.

In his initial letter to Einstein on June 24, 1924, and in all his later
correspondence, Satyendra Nath Bose reverently addressed Einstein as
“master”—a title reflecting the deep-rooted Indian tradition of honouring
mentors. Through his letters, Bose’s humility, profound admiration, and
heartfelt gratitude shine brightly. Even after achieving global recognition as a
pioneering scientist, his reverence for Einstein never wavered. Writing from
Paris, Satyendra Nath Bose shared his eagerness to visit Berlin, hoping to gain
invaluable support and mentorship from Einstein. By early October 1925,
Bose arrived in Berlin and promptly sent a brief note to Einstein, requesting
a meeting. At the time, Einstein was away on his annual trip to Leiden,
delaying their encounter.

Weeks later, Bose’s lifelong dream of meeting Einstein finally came
true when the latter returned to Berlin. Though Bose never had the chance
to collaborate directly with Einstein, his time in Berlin immersed him in a
constellation of scientific brilliance. He interacted with luminaries like Fritz
Haber, Lise Meitner, Werner Heisenberg, and Wolfgang Pauli—many of
whom would later earn Nobel Prizes. During their meeting, Einstein pressed
Bose on how he had conceived his ground breaking method for deriving
Planck’s radiation law. Bose thrived in Berlin’s intellectual ferment, debating
physics with Einstein and absorbing cutting-edge ideas in quantum mechanics
from minds like Heisenberg, Max Born, and Paul Dirac. In the summer of
1926, driven by his relentless curiosity, Bose travelled to Gottingen to attend
Max Born’s lectures on quantum mechanics.

Though his wish to work alongside Einstein remained unfulfilled,
Bose’s Berlin journey cemented his place among the eras greatest scientific
thinkers and fuelled his contributions to a revolution in modern physics. His

story remains a testament to curiosity, serendipity, humility, perseverance,
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the power of cross-cultural intellectual exchange and the ripple effect of

mentorship across continents.
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Bose’s letter of 4 June 1924 to Einstein

Figure 3.1: Letter from Bose to Einstein [4 June 1924], Image
Source:  https://www.bose.res.in/Prof.S.N.Bose-Archive/

objects/0169.jpg

The letter in Figure 3.1 reads as follows:
PHYSICS DEPARTMENT

Dacca University
Dated: 4” June 1924

Respected Sir,
1 have ventured to send you the accompanying article for your perusal and
opinion. I am anxious to know what you think of it. You will see that (I
have tried to deduce the coefficient 8xv’/c® in Planck’s laws, independent of
the classical electrodynamics,) only assuming that the ultimate elementary
regions in the phase space had the content IP. I do not know sufficient
German to translate the paper. If you think the paper worth publication, 1
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shall be grateful if you arrange for its publication in Zeitschrift fur Physik.
Though a complete stranger to you, I do not feel any hesitation in making
such a request. Because we are all your pupils though profiting only by your
teachings through your writings. I do not know whether you still remember
that somebody from Calcutta asked your permission to translate your papers
on relativity in English. You acceded to the request. The book has since been
published. I was the one who translated your paper ‘Generalised Relativity’
Yours faithfully,

S.N. Bose

enon auck tiegn s

Figure 3.2 [In a Postcard] Einstein to Bose dated 2 July
1924 [In German], Image Source: https://www.bose.res.in/
Prof.S.N.Bose-Archive/objects/0038.jpg

English Translation for Figure 3.2.

(Source: S N Bose: The Man and His Work Part II: Life,
Lectures and Addresses, Miscellaneous Pieces. Page 45)
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Dear Colleague,

1 have translated your work and communicated it to Zeitschrift fiir Physik
for publication. It signifies an important step forward and I liked it very
much. In fact, I find your objections against my work not correct. For Wiens
displacement law does not assume the wave (undulation) theory and Bobr’s
correspondence principle is not at all applicable. However, this does not
matter. You are the first to derive the factor quantum theoretically, even

though because of the polarization factor 2 not wholly rigorously. It is a
beautiful step forward.

With friendly greeting,
Yours
A. Einstein
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Bose’s letter of 27 January 1925 to Einstein

Figure 3.3: Letter from Bose to Einstein [27 January 1925],

Image  Source:  https://www.bose.res.in/Prof.S.N.Bose-
Archive/objects/0170.jpg
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The Birth of Bose-Einstein Statistics

There is no other scientist whose name is linked with Einstein as dearly
as Satyendra Nath Bose’s name is in all the textbooks of physics. Einstein,
inspired by Satyendra Nath Bose’s approach, extended the statistical framework
to particles with mass—atoms and molecules. Together, they formulated
what would come to be known as Bose-Einstein Statistics, applicable to a
class of particles now called ‘bosons’ ‘Bosons’, which include photons, gluons,
and the Higgs - Boson, are particles that obey Bose-Einstein Statistics and are
characterized by their integer spin.

A key prediction of Bose-Einstein Statistics was the phenomenon of
Bose-Einstein condensation. At extremely low temperatures, the bosons
would occupy the same quantum state, forming a new state of matter where
quantum effects manifest on a macroscopic scale. This prediction remained
theoretical for decades until its experimental confirmation in the year 1995,

a testament to the enduring impact of Bose’s work.

The Spark of Genius

By the early 1920s, quantum mechanics was a field brimming with
unresolved questions. The work of Max Planck, Albert Einstein, and Niels
Bohr had laid the groundwork for understanding atomic and subatomic
phenomena, but many aspects of the behaviour of light and matter remained
puzzling. Satyendra Nath Bose, deeply engrossed in the study of statistical
mechanics and quantum theory, sensed an opportunity to contribute
something transformative.

At the time, light was understood both as a wave and as discrete packets
of energy called photons. Bose sought to refine the statistical treatment
of photons. In the year 1924, while teaching at the University of Dacca,
he developed an elegant derivation of Planck’s law, which describes the
distribution of electromagnetic radiation emitted by a blackbody at a given
temperature. This derivation, however, was unlike anything seen before—it
didn’t rely on classical physics assumptions but was rooted in entirely new

statistical principles.
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Breaking Conventional Boundaries

Satyendra Nath Bose’s groundbreaking approach was predicated
on the idea that photons are indistinguishable particles. Unlike classical
particles, which can be distinctly identified and counted, photons could not
be differentiated from one another. This fundamental insight led Satyendra
Nath Bose to redefine how probability and statistics applied to quantum
particles.

Using this principle, Satyendra Nath Bose derived Planck’s law from
first principles, bypassing earlier assumptions about energy quantization. His
method involved grouping photons into quantum states and counting the
number of ways these states could be populated. Remarkably, Satyendra Nath
Bose’s derivation introduced a new kind of statistics where the distribution
of particles was determined not by individual identities but by collective
quantum states.

The essence of Bose’s discovery can be mathematically represented as:

1
= e/ — 1

where:
n, is the average number of particles in a given state,
€, is the energy of that state,
# is the chemical potential (which is zero for photons),
k is the Boltzmann constant, and
T is the absolute temperature (in Kelvin).
This equation not only validated Planck’s law but also laid the

groundwork for a new statistical framework.

The Profound Implications

The implications of Bose - Einstein Statistics extended far beyond
quantum mechanics. Satyendra Nath Bose’s work provided a statistical
foundation for understanding phenomena such as superfluidity,
superconductivity, and the behaviour of ultracold atomic gases. The concept
of indistinguishability also became a cornerstone of quantum field theory,

shaping our understanding of particle interactions.
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Moreover, the discovery of bosons’ fundamentally influenced particle
physics, distinguishing them from fermions’ (particles with half-integer spin
that obey Fermi-Dirac Statistics). The interplay between these two classes
of particles underpins the Standard Model of particle physics, a theoretical

framework that describes the fundamental forces and particles of the universe.

A Dance of Particles: Bosons and Fermions in the Quantum World
In the subatomic realm, particles follow rules as distinct as night and
day. Some, like photons (particles of light), are social butterflies, clustering

together in harmony. Others, like electrons, are fiercely independent, refusing

- ™,

Bosons vs. Fermions: The Particle Showdown!
Meet the universe’s building blocks! Bosons (named after Satyendra
Nath Bose) are social particles—they love sharing space (think: light
photons). Fermions (like electrons) are loners—they refuse to occupy the

same state! Satyendra Nath Bose’s math explained this cosmic rulebook,

shaping everything from stars to smartphones.

, o

to share the same space. These behaviors define the two great families of
quantum particles: bosons and fermions. Named after Satyendra Nath Bose
and Enrico Fermi, respectively, these fundamental classes of particles found
in the nature, shape the universe—from the glow of stars to the stability of

matter. Thus, as long as the universe exists, there are Bosorns!!!

Table 3.1: Key Comparisons Between Bosons and
Fermions at a Glance

Property Bosons Fermions
Half-integer values (1/2,
3/2...)
Follow Fermi-Dirac
statistics: No two particles
can share the same
quantum state (Pauli
Exclusion Principle).

Spin Integer values (0, 1, 2...)

Follow Bose-Einstein
Statistical statistics: Multiple particles
Behaviour can occupy the same
quantum state.
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Property

Bosons

photons (light), gluons

(particles that act as force

Fermions

protons, neutrons,

Examples carriers in the nucleus), the  electrons, neutrinos, and
Higgs boson, and the W and  quarks
Z bosons
. . Form the buildin
Mediate forces (e.g., light, 3
. blocks of matter (atoms,
Role in nuclear forces). Enable
. molecules). Govern
Nature phenomena like lasers and . .
. chemistry and material
superconductivity.
structure.
At ultra-cold temperatures, . .
: Fermions resist
. bosons condense into a . .
Collective . compression, creating
. single quantum state (Bose- :
Behaviour Lo P degeneracy pressure in
Einstein condensate: 5% state
neutron stars.
of matter).
Named after Satyendra Nath Named after Enrico
Discoverers Bose, whose 1924 paper Fermi, who formalized

redefined quantum statistics.

their behaviour in 1926.

Why Bosons and Fermions Matter?

Bosons, like the photons in a laser beam, thrive in unison—their
collective behavior powers technologies from MRI (Magnetic Resonance
Imaging) machines to fiber optics. Fermions, by contrast, are the universe’s
individualists. Without their refusal to overlap, atoms would collapse, and
chemistry as we know it would vanish. Satyendra Nath Bose’s insight—that
some particles “prefer company”—not only explained exotic states of matter
but also revealed a hidden symmetry in nature. Today, bosons and fermions
stand as twin pillars of quantum theory, their dance echoing the collaborative

spirit of the scientists who uncovered their secrets.

Power of Bose’s Equations
®  Bose-Einstein Condensate (BEC) - The Fifth State of Matter
In 1995, seven decades after Satyendra Nath Bose penned his

revolutionary paper, scientists at the University of Colorado achieved the
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unthinkable: they coaxed a cloud of rubidium atoms into a ghostly new state
of matter. Chilled to a hair above absolute zero (-273.15°C), the atoms lost
their individuality, merging into a single, rippling quantum wave—a Bose-
Einstein condensate (BEC). This ‘fifih state of matter, stranger than solids,
liquids, gases, or plasmas, was a direct validation of Bose’s 1924 theory. His
equations, refined by Einstein, had predicted that particles obeying Bose-
Einstein statistics (later named “bosons”) would synchronize perfectly under
extreme cold, like a cosmic orchestra tuning to a single note. For Satyendra
Nath Bose, who never owned a lab or a Nobel Prize, it was a posthumous
triumph—a testament to the power of pure thought.

Today, BECs are not just laboratory curiosities. They help scientists
simulate neutron stars interiors, probe dark energy, and test quantum
theories that govern the universe’s fabric. NASA (National Aeronautics and
Space Administration) uses BECs in microgravity experiments aboard the
International Space Station to study quantum behaviors untouched by Earth’s
pull. Back in India, institutions like the Indian Institute of Science (IISc)
and Tarta Institute of Fundamental Research (TTFR) build on Bose’s legacy,
exploring ultra-cold atoms to design quantum tech that could revolutionize

computing and space exploration.

o  Particle Physics and Cosmic Glue

One of the most important particles in the universe—the Higgs-
Boson—owes its name to the Indian genius Satyendra Nath Bose. At the
time, scientists struggled to explain how particles like photons behaved.
Bose’s breakthrough paper of 1924 led to the establishment of Bose-Einstein
statistics, as mentioned in the earlier sections. It was a new way to describe
particles that obey integer spin, now called bosorns.

Decades later, physicists like Peter Higgs proposed that an invisible
energy field (the Higgs field) permeates the universe, giving particles their
mass through interactions with a fundamental particle—the Higgs-Boson.
The term ‘boson’ itself honors Bose’s foundational contribution. In 2012,
scientists of Large Hadron Collider (LHC) at European Organization for
Nuclear Research, CERN (Conseil européen pour la Recherche Nucléaire)
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finally detected the Higgs-Boson, confirming a theory that traces back to
Bose’s pioneering work.

Why does this matter? Without bosons, force carriers like photons
(light particles) and gluons (holding atoms together) wouldn't behave as they
do—meaning no stars, no planets, and no life! While Higgs and Englert won
the Nobel Prize in 2013, Bose’s legacy lives on every time physicists study
the quantum world. His story reminds us that India’s scientific brilliance has

shaped our understanding of the universe itself!

Modesty Amidst Triumph

Despite the monumental significance of his contribution, Satyendra
Nath Bose remained remarkably humble about his achievements. He often
downplayed his role, emphasizing the collaborative nature of scientific
progress. When the term “boson” was later coined in his honour, Satyendra
Nath Bose expressed mild amusement rather than pride, reflecting his
character’s innate modesty. In the heart of this story remains a quiet professor
in Dhaka, scribbling equations by lamplight, his mind reaching into the
coldest corners of the cosmos. Satyendra Nath Bose’s journey reminds us that
the seeds of tomorrow’s breakthroughs often lie in yesterday’s curiosity—no
matter how humble their beginnings, i.e., big ideas often start small — a

teacher in Dhaka daring to rethink how light works!

Last day of the Legend

Satyendra Nath Bose passed away on February 4, 1974, at the age of 80,
leaving behind an indelible legacy. His death marked the end of a remarkable
journey but not the end of his influence. The numerous institutions, awards,
and conferences that bear his name today are a testament to the enduring
impact of his contributions.

Prof. Satyendra Nath Bose’s work earned him global recognition, but
he remained deeply rooted in India. He continued to teach, mentor, and
contribute to the development of science in his homeland. His dedication to
fostering a culture of inquiry and exploration among students and researchers

was as profound as his contributions to quantum theory.
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Key Takeaways from this Chapter

1. Indistinguishably Revolutionized Physics: Satyendra Nath Bose’s
insight that quantum particles are indistinguishable led to a paradigm
shift in statistical mechanics.

2. Collaboration Enhances Innovation: Satyendra Nath Bose’s
partnership with Einstein underscores the importance of intellectual
exchange in advancing scientific knowledge.

3. Perseverance Pays Off: Satyendra Nath Bose’s decision to bypass
rejection and directly approach Albert Einstein demonstrates the
value of confidence and determination.

4. Far-Reaching Impact: Bose-Einstein Statistics laid the foundation
for breakthroughs in quantum mechanics, particle physics, and
condensed matter physics.

5. Humility Amidst Greatness: Satyendra Nath Bose’s modesty serves
as an inspiring reminder that true genius is often accompanied by
humility.

Satyendra Nath Bose’s quantum leap into the heart of physics
continues to inspire scientists and students alike. His story is not just about
equations and statistics but about the courage to challenge conventions,
the joy of discovery, and the enduring impact of collaboration and

humility.

A
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Chapter 4

A Beacon of Inspiration:
A Legacy Beyond Borders

9 Sradfddd-d dgia: WY HHY |

Great people never delay their duties.

atyendra Nath Bose’s significance transcends the confines of theoretical
physics and mathematical elegance. He represents a unique blend of
intellectual brilliance, cultural bridging, and the relentless pursuit of
knowledge, all achieved during the formidable constraints of colonial India.
This chapter delves into how Satyendra Nath Bose’s work became a beacon
of inspiration, shedding light on his contributions to science, education,
and society. It also reflects on the historical and social milieu that shaped his

journey, providing a broader perspective on his enduring legacy.

Satyendra Nath Bose’s Impact on Quantum Statistics

Satyendra Nath Bose’s work on quantum statistics remains one of the
most profound contributions to theoretical physics. His derivation of Planck’s
radiation law, based on the revolutionary principle of indistinguishability of
quantum particles, laid the foundation for Bose-Einstein Statistics. Bose-
Einstein statistics revolutionized the understanding of matter and energy
at microscopic scales. It predicted the phenomenon such as Bose-Einstein
condensation, where particles occupy the same quantum state at near absolute
zero temperatures. Decades later, in the year 1995, this phenomenon was
experimentally observed, earning the Nobel Prize for scientists Carl Wieman

and Eric Cornell. Although Bose was not alive to witness this triumph, it was
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a testament to the enduring relevance of his ideas. The statistical framework
developed by Satyendra Nath Bose and extended by Albert Einstein has

applications far beyond the original context of photons.

Statistical Mechanics and Beyond
Satyendra Nath Bose’s ingenuity was not confined to quantum statistics.
His pioneering efforts extended to statistical mechanics, where he formulated
innovative approaches to studying particle behaviour. Bose’s methods
influenced the development of quantum field theory and condensed matter
physics, shaping scientific thought in profound ways.
His equations, often characterized by elegance and simplicity, provided
a clearer understanding of the behaviour of quantum particles under various
conditions. For instance,
®  Practical Applications in Technology: Satyendra Nath Bose’s
work offered insights into superfluidity, superconductivity, and the
quantum mechanical properties of helium-4. These areas have practical
applications in technology, including Magnetic Resonance Imaging
(MRI) and quantum computing.
®  LASERs (Light Amplification by Stimulated Emission of Radiation):
The coherent light beams in lasers owe their properties to the statistical
behaviour of bosons.
® Condensed Matter Physics: Bose-Einstein Condensation has led to
the study of exotic states of matter, such as superfluidity and ultracold
atomic gases.
®  Darticle Physics: Bosons, which obey Bose-Einstein Statistics, play a
crucial role in mediating fundamental forces.
Satyendra Nath Bose’s influence thus stretches across disciplines,

demonstrating the universal relevance of his insights.

A Legacy Beyond Equations
Satyendra Nath Bose’s scientific contributions are timeless, but his
significance extends beyond his equations and theorems. He bridged the gap

between the microscopic quantum world and the macroscopic understanding
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of the universe, creating a framework that continues to guide modern physics.
However, his work also served as a cultural bridge, bringing Indian intellectual
achievements into the global scientific discourse.

In an era dominated by Western scientific thought, Bose’s work proved
that intellectual brilliance knew no geographical or racial boundaries. By
collaborating with Albert Einstein and contributing to global science, Bose
symbolized the potential of cross-cultural exchanges in advancing humanity’s

understanding of nature.

Teacher and Visionary

Satyendra Nath Bose’s influence as a teacher and mentor was profound.
At the University of Dhaka, he revolutionized how science was taught,
emphasizing inquiry and critical thinking over rote learning. Bose encouraged
his students to challenge established norms and to question the seemingly

unquestionable. His classrooms were lively spaces where curiosity thrived.

- ™

Strongman Bose! A Man of Principles!
When S.N. Bose was the Head of the Department of Science at Dhaka
University, a group of postgraduate students once demanded that
their exams be postponed. They argued that they needed more time
to prepare, but Bose refused, stating firmly, “Examinations cannot be
postponed without valid reasons.” Frustrated, the students threatened
to go on a hunger strike if their demand wasn’t met. Instead of backing
down, Bose calmly replied, “l am prepared to resign, but | am not prepared
to postpone the examinations without valid reasons.” The students were
stunned—they hadn’t expected such unwavering resolve. Realizing they
couldn’t afford to lose a teacher of his calibre, they quietly accepted
his decision and left. Bose’s integrity was unshakable, and he never

compromised on principles, even under pressure.

~ 7

He practiced the philosophy, “A good teacher does not teach facts but
opens minds”. True to his philosophy, he inspired countless students to pursue

science with passion and creativity. Many of his students went on to achieve
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significant milestones in science, carrying forward his ideals of intellectual
rigor and innovation.

Satyendra Nath Bose’s role as an educator extended beyond the
classroom. He mentored young scientists and worked to create opportunities
for Indian students to participate in cutting-edge research. His emphasis on
self-reliance in science paralleled India’s aspirations for independence, creating

a synergy between intellectual and nationalistic ideals.

Science in Colonial India: A Struggle for Self-Reliance

Satyendra Nath Bose’s achievements gained even more significance
when placed against the backdrop of colonial India. During his lifetime, India
lacked the infrastructure, resources, and institutional support necessary for
scientific research. Universities were underfunded, laboratories were poorly
equipped, and scientific pursuits were often viewed as luxuries rather than
necessities.

Despite these challenges, Bose and his contemporaries, like Meghnad
Saha and C.V. Raman, laid the foundation for modern Indian science. Their
determination to excel in an environment rife with limitations was both an
act of intellectual defiance and a statement of national pride.

Satyendra Nath Bose’s work symbolized a broader cultural movement
in colonial India—one that sought to assert intellectual sovereignty. His
achievements showcased that Indian scientists could stand shoulder to
shoulder with their Western counterparts, proving that excellence was not
the exclusive domain of the colonizers.

His life is a vibrant portrayal of a ‘Struggle for Intellectual Independence .
Satyendra Nath Bose’s achievements must be viewed in the context of India’s
struggle for independence. His work symbolized the nation’s aspirations
for intellectual and scientific self-reliance. By excelling in a field dominated
by Western institutions, Satyendra Nath Bose challenged the notion of
intellectual superiority and showcased the potential of Indian minds on the
global stage.

His journey also highlighted the role of science in societal progress.

Satyendra Nath Bose believed that scientific advancement was integral to
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Indias development and independence. This vision inspired many of his

contemporaries and successors, who saw science as a tool for nation-building.

Bridging Science and Society

Satyendra Nath Bose’s legacy also lies in his ability to connect science with
society. He recognized that science was not an isolated endeavour but a collective
pursuit that impacted every aspect of human life. As one of the intellectual
supporters of the Indian Statistical Institute (ISI) Kolkata, he emphasized the
importance of statistical research in addressing societal challenges.

Satyendra Nath Bose believed that the application of statistical methods
could solve real-world problems, from agriculture to industry. His vision
helped shape the ISI into a world-class institution, empowering generations
of statisticians and data scientists.

Furthermore, Satyendra Nath Bose was a vocal advocate for using
science as a tool for social progress. He envisioned a self-reliant India where
scientific advancements would drive economic growth, improve healthcare,
and enhance education. His vision continues to resonate in contemporary

India, where science and technology are seen as pillars of development.

Enduring Relevance

What makes Satyendra Nath Bose’s significance truly remarkable is
his enduring relevance. The principles he helped establish—such as Bose-
Einstein statistics—are foundational to fields as diverse as condensed matter
physics, quantum computing, and cosmology.

The discovery of the Higgs — Boson in the year 2012, nearly a century
after Satyendra Nath Bose’s groundbreaking work, stands as a testament to
his lasting impact. While the term “boson” immortalizes his contributions,
Satyendra Nath Bose’s true legacy lies in how his ideas continue to shape our

understanding of the universe.
Lessons from History: Resilience in Adversity

Satyendra Nath Bose’s life story also offers valuable lessons about

resilience and determination. He pursued science not as a career but as a
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calling, overcoming systemic barriers with sheer intellect and persistence.
His success during colonial rule underscores the power of intellectual self-
reliance—a principle that remains relevant for developing nations striving for
global recognition in science and technology.

Satyendra Nath Bose’s humility, even in the face of global acclaim,
sets a powerful example for aspiring scientists. Despite his monumental
achievements, he remained accessible, approachable, and committed to
sharing knowledge. His life reminds us that true greatness is measured not by

accolades but by the impact one has on others.

Challenges of Colonial India

To fully appreciate Satyendra Nath Bose’s significance, one must
understand the socio-political context of his time. The British colonial regime
imposed systemic barriers that hindered the growth of indigenous science.
Access to quality education was limited, and research funding was almost
non-existent for Indian scientists.

Yet, Satyendra Nath Bose and his contemporaries refused to be deterred.
They builtinstitutions, cultivated talent, and proved that intellectual excellence
could thrive even in adversity. This resilience was not just a personal triumph
but a collective victory for a nation yearning for independence.

Satyendra Nath Bose’s work became a source of inspiration for India’s
freedom fighters, who saw intellectual progress as a vital component of self-
rule. His achievements demonstrated that the pursuit of knowledge could be

both a personal and a patriotic act.

*okok
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Key Takeaways from this Chapter
Satyendra Nath Bose’s life and work offer timeless lessons that transcend
the boundaries of science:

1. Science as a Global Bridge: Satyendra Nath Bose’s collaborations
demonstrated that science is a universal language that transcends
borders and cultures.

2. Education as Empowerment: His role as a teacher highlights the
transformative power of education in shaping societies and inspiring
future generations.

3. Resilience in Adversity: Satyendra Nath Bose’s achievements
remind us that challenges can be overcome with determination,
creativity, and vision.

4. Humility and Accessibility: Despite his brilliance, Satyendra Nath
Bose remained grounded, emphasizing the importance of sharing
knowledge and mentoring others.

5. Science for Society: Satyendra Nath Bose believed in using science
to address societal challenges, a principle that remains relevant in
today’s world.

6. A Vision for Self-Reliance: His emphasis on building scientific
institutions and fostering talent reflects a broader vision of
intellectual and national self-reliance.

Satyendra Nath Bose’s significance is not confined to the annals of
physics or the corridors of academia. He represents the unyielding spirit
of inquiry, the transformative power of education, and the timeless value
of humility. Bose’s story is a beacon for those who dare to dream beyond

borders, inspiring generations to reach for the stars while remaining

rooted in the service of humanity.

e -
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Chapter 5

Honours and Recognition:
A Life Celebrated

YT A ARG e gaari=: i
There is nothing unattainable in this world for the
steadfast and determined.

atyendra Nath Bose, a pioneer in quantum mechanics, left a lasting
legacy that continues to influence modern science. His revolutionary
contributions to quantum statistics, coupled with his profound
impact on education and national development, have immortalized him as
a global scientific icon. Although Bose himself never sought accolades, the
global scientific community and his nation recognized his groundbreaking
contributions in various ways. In this chapter, we delve deeper into his
achievements, explore the honours he received during and after his lifetime,

and celebrate his life as a teacher, mentor, and builder of scientific institutions.

Padma Vibhushan

In the year 1954, the Government of India honoured Satyendra Nath
Bose with the Padma Vibhushan, the country’s second-highest civilian award.
This recognition was a testament to his contributions to theoretical physics
and education. Satyendra Nath Bose’s work had not only enriched global
science but also inspired a new generation of Indian scientists, making him a

symbol of national pride.

Fellow of the Royal Society (FRS)
Satyendra Nath Bose’s contributions earned him a Fellowship of the

Royal Society in the year 1958, one of the most prestigious honours for a
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scientist. The Royal Society, based in London, is one of the world’s oldest
scientific institutions. Its fellows include some of history’s greatest minds,
such as Isaac Newton, Charles Darwin, and Albert Einstein. Bose’s inclusion

in this esteemed circle highlighted the global recognition of his work.

7 ™
The Quantum Trio: Bose, Raman & Saha - India’s Science Superheroes!
S.N. Bose, C.V. Raman, and Meghnad Saha—are three friends and
colleagues from Calcutta University who changed physics forever! Their
discoveries (Bosons, Raman Effect and Saha Equation, respectively)
earned global fame. As a matter of fact, the trio became Fellows of the

Royal Society, proving Indian science rocked even before independence!

b, A

National Professor
In the year 1959, Satyendra Nath Bose was appointed by the then Prime
Minister of India Pandit Jawaharlal Nehru, as the National Professor- the

highest honour in the country for a scholar, a position he held for 15 years.

Member of Indian Parliament - Rajya Sabha
Satyendra Nath Bose was nominated as a member of the upper house of
the Indian Parliament, the Rajya Sabha from 1952 to 1958.

Honorary Doctorates

Several universities conferred honorary doctorates upon Satyendra
Nath Bose to celebrate his contributions. These accolades reflected his global
influence, from his contributions to quantum mechanics to his leadership in
education. In the year 1964, Delhi University honored him with the award
of the degree of Doctor of Science (D.Sc.).

Visva-Parichay, Rabindranath Tagore’s sole work of science, was
dedicated to Satyendra Nath Bose:
Gurudev Rabindranath Tagore dedicated his seminal work on

science, Visva-Parichay, to Satyendra Nath Bose after hearing about him
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Figure 5.1: Bose receiving D.Sc (Hon.) from Dr. Zakir Husain, Delhi University, 1964,
Image Source: https://www.bose.res.in/Prof.S.N.Bose-Archive/objects/0079.jpg

from Einstein.Visva Parichay, is a collection of essays on science by Nobel
Laureate Rabindranath Tagore. Published in the year 1937, the collection
expresses Rabindranath Tagore’s ideas on science and his respect for scientific
laws. Tagore, a poet and not a specialist in the field of science, nevertheless
acknowledged his keen interest in scientific knowledge and discoveries by
writing this book. In the introduction to his only scientific book, Vishva
Parichay, Tagore wrote: “Needless to say, I am no devotee of science, but since
childhood I have always been curious about it, deriving endless pleasure from
it’. (Source: Biswanath Banerjee (2010). The Scientist and the Poet: Acharya
Jagadish Chandra Bose and Rabindranath Tlagore. Rupkatha Journal on
Interdisciplinary Studies in Humanities (ISSN 0975-2935), Vol 2, No 4. Special
Issue on Rabindranath Tagore, edited by Amrit Sen.)

Tagore’s exploration of biology, physics, and astronomy impacted his
poetry, which often contained extensive naturalism that underscored his
respect for scientific laws. The fact that Tagore’s only work of science, was
dedicated to Satyendra Nath Bose is a testimony of the respect and reverence

Tagore had for the great mind.
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President of the Indian Science Congress

Satyendra Nath Bose was elected President of the Indian Science
Congress in 1944, an honour that showcased his leadership within the
Indian scientific community. In his presidential address, he emphasized the
importance of fostering scientific inquiry and using science as a tool for

national development.

Fellowships and Memberships in Academic Institutions

Satyendra Nath Bose was elected to various prestigious academic
institutions, including the fellow of Indian National Science Academy (INSA)
in the year 1930. He was the President of INSA for the period 1949 — 1950.
Indian National Science Academy has instituted “The Satyendra Nath Bose
Medal’ in his memory. He was also a founding member of many scientific

organizations in India, contributing significantly to their development.

International Recognition

Satyendra Nath Bose’s work resonated across the globe. The naming of
“bosons” in his honour is perhaps the most enduring tribute to his legacy. The
scientific community’s decision to name an entire class of particles after him is
a rare honour, reserved for those whose contributions fundamentally redefine

our understanding of the universe.

Nobel Prize Nomination

Although Satyendra Nath Bose was nominated for the Nobel Prize four
times for the contributions made by him in the unified field theory and Bose-
Einstein Statistics., he did not receive the honour. Nevertheless, his work
on quantum mechanics and Bose — Einstein statistics is still regarded as one
of the greatest accomplishments of the 20" century. Bose, however, never
regretted the fact that he did not receive the Nobel Prize and was always
content with the recognition that came his way by saying, “/ have got my due.”

Despite not receiving the Nobel Prize, Satyendra Nath Bose’s name is

immortalized in the language of science through the concept of bosons and
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Bose - Einstein statistics. His work continues to be studied and admired by
physicists worldwide. Nevertheless, Nobel Prizes were awarded for research
related to the concepts of the boson, Bose -Einstein statistics and Bose —

Einstein condensate.

Beyond Science: Efforts for Nation-Building

Satyendra Nath Bose’s contributions extended far beyond the laboratory.
As an educator, he inspired thousands of students to pursue careers in science.
His efforts to build scientific institutions in post-independence India earned

him recognition as a nation-builder.

1. Academic Leadership in India

After India gained independence, Satyendra Nath Bose played a pivotal
role in shaping the country’s scientific and academic landscape. As a professor
at the University of Calcutta, he introduced new research methodologies and

emphasized the importance of interdisciplinary collaboration.

2. Promoter of Indian Science and Culture

Satyendra Nath Bose deeply engaged himself in the promotion of
Indian culture and heritage alongside science. He believed that scientific
progress and cultural development were interconnected and equally vital for

a nation’s identity.

Posthumous Honours: The Everlasting Legacy
After Satyendra Nath Bose’s passing in 1974, the world continued to

honour his legacy in various ways.

1. Satyendra Nath Bose National Centre for Basic Sciences
(SNBNCBS)

In 1986, 12 years after Satyendra Nath Bose’s death, the Indian
Parliament established the S.N. Bose National Centre for Basic Sciences
in Salt Lake, Calcutta (now Kolkata). The S. N. Bose National Centre for

Basic Sciences is an autonomous research institute engaged in research in
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Figure 5.2: S. N. Bose National Centre for Basic Sciences, Kolkata
Image Source: Prof. S. N. Bose Archive. https://newweb.bose.res.in/
Prof.S.N.Bose-Archive/#ltemsPersonalUse

basic sciences. The institute was founded under

the Department of Science and Technology,
Government of India in 1986 as a Registered
Society. The Centre was established to honour the
life and work of Professor Satyendra Nath Bose

who was a colossal in theoretical physics and has

made some of the most fundamental conceptual

contributions in the development of Quantum
Mechanics and Quantum Statistics. The Centre | migyre 5.3: SNBNCBS logo

institution for research and development in Basic Sciences.

2. Bose-Einstein Condensation Experiments and the 2001 Nobel
Prize in Physics

The 1995 experimental confirmation of Bose-Einstein Condensation
by Eric Cornell, Wolfgang Ketterle and Carl E. Wieman led to their Nobel
Prize in Physics in 2001. Although Satyendra Nath Bose was not alive to
witness this, the event reignited global interest in his work, cementing his

place in the annals of science.
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3. Higgs — Boson (The God Particle) and the 2013 Nobel Prize in
Physics

On July 4, 2012, scientists at CERN confirmed the discovery of the
Higgs -Boson — often called the ‘God particle’ — validating Peter Higgs’
1964 theory and completing the Standard Model of particle physics. Higgs
and Francois Englert won the 2013 Nobel Prize for this breakthrough, which
traces its roots to Satyendra Nath Bose’s foundational work on quantum

statistics, as the Higgs mechanism relies on Bose-Einstein statistics.

4. Educational Initiatives in the Name of Prof. S N Bose
Numerous schools, scholarships, and research awards have been
established in Satyendra Nath Bose’s name, ensuring that his legacy continues

to inspire future generations of scientists and educators.

Personal Recognition: Humility Amidst Fame

Despite receiving such prestigious honours, Satyendra Nath Bose
remained grounded and humble. He often expressed amusement at the
attention his work garnered and insisted on giving credit to his collaborators
and students. This humility, combined with his passion for knowledge, made

him an enduring figure in both the scientific and educational communities.

kokk
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Key Takeaways from this Chapter

1. Global Recognition: Satyendra Nath Bose’s work earned him
accolades from prestigious institutions and governments worldwide.

2. National Pride: Satyendra Nath Bose was celebrated as a symbol
of India’s scientific potential, receiving honours like the Padma
Vibhushan.

3. Legacy in Science: Satyendra Nath Bose’s contributions to science
are immortalized by the naming of bosons after him thus reflecting
the depth of his impact on quantum mechanics and particle physics
His work on bosons, Bose-Einstein statistics, and Bose-Einstein
condensate continues to be a significant area of research in particle
physics.

4. Posthumous Influence: Satyendra Nath Bose’s legacy continues
through awards, institutions, and scientific advancements inspired
by his work.

5. The Power of Humility: Satyendra Nath Bose’s modesty serves as
a reminder that greatness is not just about achievements but also
about character.

Satyendra Nath Bose’s life was a testament to the power of curiosity,
perseverance, and humility. His contributions to science and society
will continue to inspire generations, reminding us of the transformative

potential of knowledge and dedication.

L 7
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Chapter 6

Multidimensional Scientific
Persona of Satyendra Nath Bose

Rigaeadai= ya-ad foarfd=: 1
Those who intend to get work done cast themselves on the
task with all possible speed, like a lion.

atyendra Nath Bose’s extensive body of work spans several decades and
encompasses significant contributions to physics and mathematics.
Below is a chronological catalogue of some of his notable publications,
organized by thematic sections, along with their publication years and

available links for further reading.

Groundbreaking Works of Satyendra Nath Bose Spread Across
Multiple Disciplines

Quantum Mechanics and Statistical Mechanics

1  “Plancks Gesetz und Lichtquantenhypothese (translated into
English: Planck’s Law and the Light-Quantum Hypothesis)” (1924)
In this seminal paper, Satyendra Nath Bose derived Planck’s law
without reference to classical electrodynamics, introducing what
would later be known as Bose-Einstein statistics. Albert Einstein
translated the paper into German and submitted it to Zeitschrift fiir
Physik.

2.  “Wirmegleichgewicht im Strahlungsfeld bei Anwesenheit von
Materie (translated into English: Thermal Equilibrium in the
Radiation Field in the Presence of Matter)” (1924)
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Satyendra Nath Bose extended his statistical methods to matter, laying

the groundwork for the concept of Bose-Einstein condensate.

In 1924 - 25, Bose and Einstein predicted a bizarre fifth state of matter—
the Bose-Einstein Condensate (BEC). At near absolute zero, atoms merge
into a single “super atom” with quantum superpowers! Scientists finally
created BEC in 1995, winning the 2001 Nobel Prize. Bose’s theory? Ahead

of its time!

BEC: The ‘Super Atom’ Bose Predicted
(70 Years Before It Was Seen!)

“A Note on Dirac Equations and the Zeeman Effect” (1943)

S.N. Bose and K. Basu solved the problem of energy levels of a
hydrogenic atom in an inhomogeneous magnetic field using Sonine
polynomials. This work further developed the statistical mechanics.
The calculations are simple and concise, demonstrating the quadratic

dependence of the perturbed energy levels on the magnetic field.

Mathematics and General Physics

1.
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“On the Influence of Finite Volume of Molecules on the Equation of
State” (1918)

This paper examined how the finite size of molecules affects the behavior
of gases. Meghnad Saha and Satyendra Nath Bose used thermodynamics,
especially the Boltzmann formula for entropy, in their characteristic

way to arrive at their equation of state.

“The Stress Equations of Equilibrium” (1919)
This paper dealt with the solution of stress equations of equilibrium in
elasticity, a purely mathematical problem. In simple words, Satyendra

Nath Bose addressed the mathematical formulation of stress in elastic

bodies.



“Studies in Lorentz Group” (1939)

This paper explored the properties of the matrix group O(4,C) in
its defining representation, a topic within mathematical physics.
This study explores the fundamental characteristics of the complex
orthogonal group O(4,C) through its standard matrix representation.
By analyzing these properties, the research sheds light on their
implications for the Lorentz group SO (3,1).

Chemistry and Spectroscopy

1.

“Messungen der Zersetzungsspannung in nichtwisserigen
Losungsmitteln (translated to English as: Measurement of the
Decomposition Voltage in Nonaqueous Solvents)” (1927)

The study focused on creating a technique to determine both the
polarization voltage and decomposition voltage of electrolytes in non-

aqucous SOIVCIlt systems.

“Beryllium Spectrum in the Region 1 3367-1964” (1929)
The research focused on studying the Beryllium spectrum thoroughly,
under different conditions of excitation with the help of Hilger’s Quartz

Spectrograph.

Science Education and Popularization

1.

“Translation of Einstein’s Theory of Relativity”
Satyendra Nath Bose with Meghanad Saha prepared a book with
translated Einstein’s work on General and Special Relativity, making

complex scientific ideas accessible to the non — European population.

“Jnan-O-Bijnan”

On January 25, 1948, Satyendra Nath Bose established the Bangiya
Bijnan Parishad with goals including advancing science education in
the mother tongue, simplifying scientific ideas for school students using
clear Bengali terminology, and creating science textbooks and journals
for learners at school and college levels. The council’s official journal,

Jnan-O-Bijnan, was inaugurated on the same day as its founding.
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For a comprehensive collection of Satyendra Nath Bose’s scientific
papers, one can refer to the “Collected Scientific Papers” available at the
S.N. Bose National Centre for Basic Sciences archives. This catalogue
reflects the depth and diversity of Satyendra Nath Bose’s contributions to
science, mathematics, and education, underscoring his enduring legacy in the

scientific community.
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Chapter 7

Closing Reflections: Why
Satyendra Nath Bose Matters?

T fert qUT aTe It qreRad fhar |
it arfr forarat 9 AryAm@SETar 1
As is the mind, so is the speech;
as is the speech so is the action.
Of the good people, there is uniformity in mind,
speech and action.

he story of Satyendra Nath Bose is one that transcends the
boundaries of science, culture, and time. Born in an era when
colonial India grappled with limited opportunities and systemic
challenges, he emerged as a luminary, inspiring countless individuals through
his groundbreaking work and indomitable spirit. His legacy is not merely
etched in the annals of physics but resonates deeply in the hearts of those who
dare to dream beyond societal constraints. This final chapter reflects on the
enduring relevance of Satyendra Nath Bose’s life, emphasizing the values of

perseverance, curiosity, and originality that young minds can emulate.

The Story of Elusive Nobel Prize for Bose and Nobel Prizes Awarded
on the Foundations laid by Satyendra Nath Bose

Satyendra Nath Bose, one of India’s most brilliant physicists, made
groundbreaking contributions to quantum mechanics, particularly through
his work on Bose-Einstein statistics and the theoretical foundation for
bosons. Despite his profound impact on modern physics, Satyendra Nath

Bose himself never received the Nobel Prize, though he was nominated four
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times—in 1956, 1959, and twice in 1962. His nominations came from
distinguished scientists like Prof. K. Banerji (in 1956), D.S. Kothari (in
1959), S.N. Bagchi (in 1962), and A.K. Dutta (again in 1962), recognizing
his work in unified field theory and quantum statistics. However, the Nobel
Committee’s stringent criteria—often favouring experimental verification
over theoretical predictions—meant Satyendra Nath Bose’s pioneering ideas

were not awarded during his lifetime.

4 The Nobel Near-Miss! oy

Bose Never Won but Still Changed Physics!
Did you know Satyendra Nath Bose was nominated four times for the
Nobel Prize? His work on quantum statistics and bosons paved the way
for discoveries like the Bose-Einstein Condensate (BEC) and Higgs -
Boson — both of which did win Nobels (in 2001 and 2013, respectively)!

Though Bose never got the prize himself, his name lives on in every

- “boson” particle, from photons to the “God Particle.” Talk about a legacy! Py

Nobel Prizes Having Roots in the Pioneering Work By Satyendra
Nath Bose

While Satyendra Nath Bose was overlooked, his theories became the
bedrock for Nobel-winning discoveries decades later. Two pivotal Nobel
Prizes in Physics—awarded in 2001 and 2013—directly stemmed from his

work:

1. 2001 Nobel Prize in Physics: Bose-Einstein Condensate (BEC)

®  Discovery: In 1924, Bose and Einstein predicted that at temperatures
near absolute zero, particles (now called bosons) would collapse into a
single quantum state, forming a new phase of matter: the Bose-Einstein
condensate (BEC).

®  Experimental Confirmation: It took 71 years for the technology to
catch up with theory. In 1995, Eric A. Cornell, Wolfgang Ketterle, and
Carl E. Wieman successfully created BEC in ultra-cold alkali gases.

Their achievement validated Bose’s statistics experimentally, earning
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them the 2001 Nobel Prize. The Nobel Committee cited their work as

“the achievement of Bose-Einstein condensation in dilute gases... and early

Sfundamental studies of the condensates.”

Nobel Prize in Physics 2001

Photo from the Nobel Foundation Photo from the Nobel Foundation Photo from the Nobel Foundation
archive. archive. archive.

Eric A. Cornell Wolfgang Ketterle Carl E. Wieman

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

Figure 7.1: Nobel Prize in Physics 2001 for achievement of Bose — Einstein Condensation
Image Source: https://[www.nobelprize.org/prizes/physics/2001/summary/

2. 2013 Nobel Prize in Physics: Higgs-Boson (“God Particle”)

® Theoretical Foundation: The term “boson” honours Bose, as particles
obeying Bose-Einstein statistics (integer spin) are named after him. In
1964, Peter Higgs and Francois Englert theorized the Higgs field and
its associated particle, the Higgs-Boson, to explain how particles acquire
mass.

®  Experimental Proof: In 2012, CERN’s Large Hadron Collider (LHC)
confirmed the Higgs-Boson’s existence. Higgs and Englert received
the 2013 Nobel Prize for their theoretical framework, which relied on
Satyendra Nath Bose’s quantum statistics. The media dubbed it the
“God Particle,” with Satyendra Nath Bose posthumously celebrated as

its “father.”
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Francois Englert Peter W. Higgs

Figure 7.2: Nobel Prize in Physics 2013
Image Source: https://www.nobelprize.org/prizes/physics/2001/summary/

Why Bose Was Overlooked?
Satyendra Nath Bose’s exclusion from the Nobel Prize reflects historical

biases in the selection process:

®  Theoretical vs. Experimental Bias: The Nobel Committee often
prioritized experimental breakthroughs (e.g., BEC’s creation) over
theoretical predictions. Bose’s 1924 paper, though revolutionary, lacked
immediate experimental proof.

®  Colonial Era Challenges: As an Indian scientist in the early 20
century, Satyendra Nath Bose faced limited access to global academic
networks and resources, which may have delayed recognition.

®  Collaborative Nature of His Work: His partnership with Einstein,
who already had a Nobel Prize (1921), might have overshadowed his

individual contributions.

Legacy Beyond the Nobel

Despite the oversight, Satyendra Nath Bose’s legacy is immortalized in
physics:
®  Bosons: Fundamental particles like photons, gluons, and the Higgs-

Boson owe their classification to his statistics.
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®  Quantum Technologies: BEC underpins advancements in quantum
computing and superconductivity.

®  Cultural Icon: Documentaries like 7he Quantum Indians highlight his
role in shaping modern physics alongside C.V. Raman and Meghnad
Saha.

A Scientist Who Redefined Physics

At the heart of Satyendra Nath Bose’s significance lies his transformative
contribution to quantum mechanics. When he penned his seminal paper on
the Planck radiation formula in 1924, little did he know that he was laying
the groundwork for a new branch of physics. The Bose-Einstein statistics
introduced a revolutionary way to describe particles that do not obey the
Pauli Exclusion Principle.

Satyendra Nath Bose’s insights into quantum statistics led to the
conceptualization of bosons, particles that exhibit properties fundamentally
distinct from fermions. This discovery was instrumental in the theoretical
prediction of the Bose-Einstein Condensate, a state of matter realized decades
later through experimental efforts. This achievement underscored Bose’s
brilliance and established his enduring influence in both theoretical and

experimental physics.

Bridging the Gap Between Cultures

Satyendra Nath Bose’s intellectual partnership with Albert Einstein
exemplifies how science knows no boundaries. Despite hailing from a
country under colonial rule, Bose reached out to Einstein with unshakable
confidence in his ideas. The latter’s recognition of Bose’s work and their
subsequent collaboration brought India into the global scientific limelight.
This collaboration epitomizes the universality of knowledge and the power of
intellectual camaraderie.

For young readers, this moment in Satyendra Nath Bose’s life serves
as a testament to the idea that talent and innovation can thrive anywhere,
irrespective of geography or circumstances. Bose’s story invites students
to overcome self-doubt and seek inspiration from the collective pursuit of

knowledge.
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A Humble Polymath

While Satyendra Nath Bose is celebrated for his contributions to
physics, his intellectual pursuits extended far beyond the confines of
science. An avid learner, he engaged deeply with literature, music, and
philosophy. His ability to traverse disciplines reflected his belief in the
interconnectedness of human creativity.

Satyendra Nath Bose’s translations of Western scientific works into
Bengali were a testament to his commitment to making science accessible.
He also wrote essays on topics ranging from philosophy to education,

inspiring generations to view learning as a lifelong journey.

Personal Qualities That Shaped His Legacy

What set Satyendra Nath Bose apart was not just his genius but his
humility and simplicity. Despite international acclaim, Bose remained
deeply rooted in his culture and community. His students at the University
of Dhaka and later at the University of Calcutta revered him not just as
a scholar but as a mentor who nurtured their potential with patience and
insight.

For young readers, Satyendra Nath Bose’s life serves as a reminder
that greatness is not merely about accolades but also about uplifting others

and contributing to the collective good.

Challenges and Perseverance

Satyendra Nath Bose’s journey was far from smooth. As an Indian
scientist in colonial times, he faced systemic barriers, including limited
access to resources, recognition, and funding. Yet, he never let these
challenges deter him. His ability to persevere in the face of adversity is
one of the most inspiring aspects of his life.

The lack of acknowledgment from the Nobel Committee during
his lifetime was a glaring oversight. However, Satyendra Nath Bose’s
legacy has since transcended such omissions. His contributions to physics
continue to be celebrated, reminding us that true success lies in the impact

of one’s work, not in the accolades received.
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The government of India honored him with the Padma Vibhushan in

1954, one of the highest civilian awards in the country. Yet, Bose’s greatest

honor lies in the lives he continues to inspire. His work and philosophy

remain a guiding light for scientists, educators, and dreamers around the

world.

Lessons for Young Minds

Satyendra Nath Bose’s life offers a treasure trove of lessons for

aspiring scientists and thinkers:

1.

The Power of Curiosity: Satyendra Nath Bose’s fascination with the
mysteries of the universe drove him to explore uncharted territories of
knowledge. His story underscores the importance of asking questions
and seeking answers with determination.

Original Thinking: In a world that often rewards conformity,
Satyendra Nath Bose’s courage to think differently stands out. He dared
to challenge established norms and presented ideas that changed the
course of physics.

Resilience in Adversity: Satyendra Nath Bose faced numerous
challenges, from systemic bias to limited recognition. Yet, his
perseverance enabled him to rise above these obstacles and make lasting
contributions.

Collaboration Across Boundaries: Satyendra Nath Bose’s partnership
with Einstein highlights the value of open-minded collaboration.
It shows how cross-cultural exchanges can lead to groundbreaking
discoveries.

A Humble Approach to Greatness: Despite his achievements,
Satyendra Nath Bose remained grounded, valuing simplicity and service
over personal glory.

Making Science Accessible: Through his translations and teaching,
Satyendra Nath Bose emphasized the democratization of knowledge.
He believed that science should serve society and inspire the next

generation.
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Inspiration for the Future

Satyendra Nath Bose’s life is a clarion call to dream big and work tirelessly
to achieve those dreams. For young minds, his journey serves as a roadmap
for balancing intellectual curiosity with a commitment to social good. Bose’s
achievements remind us that science is not just a pursuit of knowledge but
also a means to uplift humanity.

In closing, this biography celebrates Satyendra Nath Bose not just as
a scientist but as a beacon of hope and inspiration. It encourages readers to
embrace the values of curiosity, innovation, and perseverance, ensuring that

Satyendra Nath Bose’s legacy continues to inspire generations to come.

*okok
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Key Takeaways from this Chapter

1. Satyendra Nath Bose’s contributions to quantum mechanics and
statistical physics revolutionized modern science.

2. His partnership with Einstein demonstrated the power of intellectual
collaboration across cultural and geographical boundaries.

3. Bose’s humility, resilience, and commitment to education serve as
enduring lessons for future generations.

4. His life is a testament to the idea that knowledge, when shared and
pursued with passion, can transcend all barriers.

5. Young minds are encouraged to follow their dreams, think differently,
and contribute meaningfully to society, as Bose did.
Through his life and work, Bose proved that the human spirit,

driven by curiosity and determination, can achieve the extraordinary. Let

his story inspire you to carve your own path, just as he did.

L A
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Appendix - A

A Quick Walkthrough into the Life of Satyendra Nath Bose: A

Timeline of Life, Career and Achievements of the Legend

Year

1894

1907

1909

1914
1915

1916

1921

1924

1924~
1926

1926

1927-
1945

1944

Event

Born on January 1 in Calcutta (now Kolkata), British India, to
Surendranath Bose and Amodini Devi.

Enrolled at Hindu School, Calcutta, known for its academic
rigor. Demonstrated exceptional talent in mathematics.

Joined Presidency College, Calcutta, where he forged lifelong
friendships with Meghnad Saha and others. Excelled in
mathematics and physics.

Married Ushabati Ghosh; later fathered seven children.

Earned M.Sc. in mixed Mathematics from the University of
Calcutta, securing first rank.

Began teaching at Calcutta University while researching
relativity and quantum theory.

Appointed Reader in Physics at the University of Dhaka (now
in Bangladesh).

Published Plancks Law and the Light-Quantum Hypothesis,
revolutionizing quantum statistics. Sent the paper directly to
Albert Einstein, who translated and endorsed it. Awarded study
leave after Einstein’s reccommendation.

Conducted research in Europe: worked with Marie Curie in
Paris, met Louis de Broglie and Paul Langevin, and studied
X-ray crystallography.

Returned to Dhaka University as Professor and Head of the
Department of Physics. Transformed the department into a
research hub.

Served as Dean of Science at Dhaka University, fostering
interdisciplinary collaboration.

Elected President of the Indian Science Congress. Advocated
for scientific self-reliance in India.

| 57



Year

1945

1954

1956

1956
- 1958

1958

1959
1974
1986

1995

2012

Event

Left Dhaka during political unrest; joined the University of
Calcutta as Khaira Professor of Physics.

Awarded the Padma Vibhushan, India’s second-highest civilian
honour.

Retired from Calcutta University but continued mentoring
students and researchers.

Joined as the Vice Chancellor of Viswa Bharati University at
Santiniketan

Elected Fellow of the Royal Society (FRS)—one of the highest
honours in science.

Appointed National Professor of India, a lifetime position — the
highest honour in the country for a scholar.

Passed away on February 4 in Kolkata.

S.N. Bose National Centre for Basic Sciences was established in
Kolkata to honour his legacy.

Experimental confirmation  of Bose-Einstein  Condensate

(predicted in 1924) earned Eric Cornell and Carl Wieman the
2001 Nobel Prize.

Discovery of the Higgs - Boson at CERN validated Bose’s
foundational contributions to particle physics. Peter Higgs and
Francois Englert were awarded the Nobel Prize for Physics in
2013.

Key Contributions & Legacy:

1. Bose-Einstein Statistics: Redefined quantum mechanics by treating

particles as indistinguishable (bosons).

2. Bose-Einstein Condensate: Predicted a fifth state of matter,

experimentally confirmed in 1995.

3. InstitutionBuilder: Established Dhaka University’s Physics Department

and mentored the institution with scientists like K.S. Krishnan.

4.  Cultural Advocate: Promoted science education in Bengali and bridged

Western theories with Indian contexts.
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Appendix - B

Major Publications and
Contributions of
Satyendra Nath Bose

This list covers the scientific papers attributed to Satyendra Nath Bose (Source:
S N Bose: The Man and His Work Part I: Collected Scientific Papers). The papers
span a wide range of topics, including quantum theory, statistical mechanics,

spectroscopy, chemistry, and unified field theory.

1. On the Influence of the Finite Volume of Molecules on the
Equation of State (1918)

®  Co-authored with Meghnad Saha.

° Published in Philosophical Magazine, Series 6, Vol. 36, pp. 199-203.

2. The Stress-Equations of Equilibrium (1919)

° Published in Bulletin of the Calcutta Mathematical Society, Vol. 10, pp.
117-121.

®  Bose addressed the mathematical formulation of stress in elastic bodies.

3. On the Herpolhode (1919)

®  Dublished in Bulletin of the Calcutta Mathematical Society, Vol. 11, pp.
21-22.

4. On the Equation of State (1920)

®  Co-authored with Megh Nad Saha.

®  Published in Philosophical Magazine, Series 6, Vol. 39, p. 456.
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5. On the Deduction of Rydberg’s Law from the Quantum Theory
of Spectral Emission (1920)
° Published in Philosophical Magazine, Vol. 40, pp. 619-627.

6. Plancks Gesetz und Lichtquantenhypothese (1924)

° Published in Zeitschrift fiir Physik, Vol. 26, pp. 168-171.

7. Planck’s Law and the Light-Quantum Hypothesis (1924)

®  English translation of the paper in point no. 6, original paper from

Zeitschrift fiir Physik, Vol. 26, pp. 168-171.

8. Wirmegleichgewicht im Strahlungsfeld bei Anwesenheit von
Materie (1924)
®  Dublished in Zeirschrift fiir Physik, Vol. 27, pp. 384-393.

9. Thermal Equilibrium in the Radiation Field in the Presence of
Matter (1924)
®  English translation of the paper in point no. 8, original paper from

Zeitschrift fiir Physik, Vol. 27, pp. 384-393.

10. Messungen der Zersetzungsspannung in nichtwisserigen
Lésungsmitteln (1927)

®  Co — author: Susil Chandra Biswas

° Published in Zeizschrift fiir Physikalische Chemie, Vol. 125, pp. 442-451.

11. Measurement of the Decomposition Voltage in Nonaqueous

Solvents (1927)

@  English translation of the of the paper in point no. 10, original paper
from Zeitschrift fiir Physikalische Chemie, Vol. 125, pp. 442-451.

12. Beryllium Spectrum in the Region A 3367-1964 (1929)

®  Co-author: S. K. Mukherjee, Assistant Lecturer in Physics, Dacca
University

° Published in Philosophical Magazine, Series 7, Vol. 7, pp. 197-200.
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13. Tendencies in the Modern Theoretical Physics (1929)

[Presidential Address]

° Published in Proceedings of Indian Science Congress, Vol. 16,
pp- 55-62.

14. On the Complete Moment-coefficients of the D2-statistic (1936)
° Published in Sankhya: The Indian Journal of Statistics, Vol. 2, pp.
385-396.

15. On the Moment-coefficients of the D2-statistic and Certain

Integral and Differential Equations Connected with the Multivariate

Normal Population (1937)

° Published in Sankhya: The Indian Journal of Statistics, Vol. 3, Part 2, pp.
105-124.

16. Recent Progress in Nuclear Physics (1937)
®  Dublished in Science and Culture, Vol. 2, pp. 473-479.

17. Anomalous Dielectric Constant of Artificial Ionosphere (1937)
®  DPublished in Science and Culture,, Vol. 3, pp. 335-337.

18. On the Total Reflection of Electromagnetic Waves in the
Ionosphere (1938)
° Published in Indian Journal of Physics, Vol. 12, pp. 121-144.

19. Studies in Lorentz Group (1939)
®  Dublished in Bulletin of Calcutta Mathematical Society, Vol. 31, pp.
137-147.

20. The Complete Solution of the Equation: V¢ - (J*¢/c?0t?) -

k2@ = -4np(xyzt) (1941)

®  Dublished in Proceedings of the National Institute of Sciences of India, Vol.
7, pp- 93-102.
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21. Reaction of Sulphonazides with Pyridine: Salts and Derivatives
of Pyridine-Imine (1943)
®  Dublished in Science and Culture, Vol. 9, pp. 48-49.

22. A Note on Dirac Equations and the Zeeman Effect (1943)
®  Co-author: K. Basu.
° Published in Indian Journal of Physics, Vol. 17, pp. 301-308.

23. The Classical Determinism and the Quantum Theory (1944)
[Presidential Address]
®  Dublished in Proceedings of Indian Science Congress, Vol. 31, pp. 1-6.

24. On an Integral Equation Associated with the Equation for

Hydrogen Atom (1945)

®  Dublished in Bulletin of Calcutta Mathematical Society, Vol. 37, pp.
51-61.

25. Germanium in Sphalerite from Nepal (1950)
° Published in Journal of Scientific & Industrial Research, Vol. 9B, pp.
52-53.

26. Extraction of Germanium from Sphalerite Collected from

Nepal—Part I (1950)

®  Co —author: R.K. Dutta

° Published in journal of Scientific & Industrial Research, Vol. 9B, pp.
251-252.

27. Extraction of Germanium from Sphalerite Collected from

Nepal—Part II (1950)

®  Co —author: R.K. Dutta

° Published in journal of Scientific & Industrial Research, Vol. 9B, pp.
271-272.
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28. Les Identités de Divergence dans la Nouvelle Théorie

Unitaire (1953)

®  Note of S. N. Bose, presented by Louis de Broglie.

° Published in Comptur rendus de I'Acadernie den Science, Vol. 236, pp.
1333-1335.

29. The Identities of Divergence in the New Unified Theory (1953)

®  Note of S. N. Bose, presented by Louis de Broglie.

®  English translation of the paper in point no. 28, original paper
from Comptur rendus de I’Acadernie den Science, Vol. 236, pp.
1333-1335.

30. Une Théorie du Champ Unitaire avec I'p = 0 (1953)
®  Dublished in Le Journal de Physique et le Radium (Paris), Vol. 14, pp.
641-644.

31. A Unitary Field Theory with I'n = 0 (1953)
®  English translation of the paper in point no. 30, original paper from Le

Journal de Physique et le Radium (Paris), Vol. 14, pp. 641-644.

32. Certaines Conséquences de I’Existence du Tenseur g dans le

Champ Affine Relativiste (1953)

®  Dublished in Le Journal de Physique et le Radium (Paris), Vol. 14, pp.
645-647.

33. Certain Consequences of the Existence of the Tensor g in the

Affine Relativistic Field (1953)

®  English translation of the paper in point no. 32, original paper from Le
Journal de Physique et le Radium (Paris), Vol. 14, pp. 645-647.

34. The Affine Connection in Einstein’s New Unitary Field

Theory (1954)
®  Dublished in Annals of Mathematics USA, Vol. 59, pp. 171-176.
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35. A Report on the Study of Thermoluminescence (1955)

®  Co-—authors: J. Sharma and B. C. Dutta [Khaira Laboratory, University
College of Science, Calcutta].

° Published in Transactions of the Bose Research Institute, Calcutta, Vol. 20,
pp. 177-180.

36. Solution d’une Equation Tensorielle Intervenant dans la

Théorie du Champ Unitaire (1955)

° Published in Bulletin de la Société Mathématique de France, Vol. 83, pp.
81-88.

37. Solution of a Tensor Equation Appearing in the Unitary Field

Theory (1955)

®  English translation of the paper in point no. 36, original paper
from Bulletin de la Société Mathématique de France, Vol. 83, pp. 81-88.
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Appendix -C

Photo Gallery

Figure C.1: S.N. Bose in his student
days (1910-11)

Image Source: https://www2.bose.
res.in/Prof.S.N.Bose-Archive/
objects/0117.jpg

BIATETT HOTEATT (0920 -24)
Student Sotyendrength (1910-11)

Figure C.2: Bose- Marriage with
Ushabati in 1914 at the age of 20
Image Source: https://www2.bose.
res.in/Prof.S.N.Bose-Archive/
objects/0118.jpg



Figure C.3: Acharya P C Ray with Bose (extreme right) and some of his pupils (1914-
15), Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0105.jpg

Figure C.4: SN Bose with Indian Luminaries Seated (L to R):M N Saha, J C Bose,
J C Ghosh. Standing (L to R): Snehamoy Dutt, S N Bose, D M Bose, N R Sen, J N
Mukherjee, N C Nag

Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0067.jpg
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Figure C.5: Bose with Niels Bohr
Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0073.jpg

Figure C.6: Bose with Paul. A.M. Dirac
Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0095.jpg
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Figure C.7: Bose with Bertrand Zadoc-Kahn in Paris (1924-25)
Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0075.jpg

Figure C.8: Bose playing the esraj for the Mahalanobises on the occasion of a

wedding anniversary, Image Source: https://www.bose.res.in/Prof.S.N.Bose-Archive/
objects/0066.jpg

68|



Figure C.9: Bose's 70th birthday celebrations Image Source: https://www2.bose.res.in/
Prof.S.N.Bose-Archive/objects/0173.jpg

gl fog ) s N S R
Figure C.10: Bose with academician K.N. Kolmogorov, P.C. Mahalanobis at ISI
Convocation Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/
objects/0080.jpg
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Figure C.11: National Science Congress Association appoints S.N.Bose as a Member
Image Source: https://www2.bose.res.in/Prof.S.N.Bose-Archive/objects/0068.jpg
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Figure C.12: Bose viewing a photograph of Einstein, 1953. Credit: AIP Emilio Segre
Visual Archives, Gift of Kameshwar Wali and Etienne Eisenmann
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Appendix - D

Further Reading and Exploration

Readers seeking to deepen their understanding of the life and profound legacy
of Prof. Satyendra Nath Bose—a visionary whose contributions reshaped
quantum mechanics and Bose-FEinstein statistics—are invited to explore the
following curated selection of websites, online archives, and literary works.
These resources illuminate his intellectual journey, collaborative spirit, and
enduring impact on modern physics, offering both inspiration and insight for

scholars and enthusiasts alike.

. Prof.S.N.BoseArchive. https://www.bose.res.in/Prof.S.N.Bose-Archive/

2. Wali, K. C. (2009). Satyendra Nath Bose: His life and times. World
Scientific. https://doi.org/10.1142/6723

3. Indian Diplomacy. (2013, July 30). The Quantum Indians. https://
youtu.be/7z9NUV_YrOo

4. Masters, B. R. (2013, April). Satyendra Nath Bose and Bose-
Einstein statistics. Optics & Photonics News, 24(4). https://www.
optica-opn.org/home/articles/volume_24/april_2013/ features/
satyendra_nath_bose_and_bose-einstein_statistics/

5. Falguni Sarkar (August 2000). Ode to Grandpa: Tribute to S.N. Bose.
Siliconeer, Vol, Issue 7. https://www.siliconeer.com/past_issues/2000/
august2000.html

6.  Santimay Chatterjee (1994). S.N.Bose: The man and his work: A
centennial tribute — Part I: Collected Scientific Papers. Santimay
Chatterjee (Principal Editor), S N Bose National Centre for Basic
Sciences, Calcutta 1994.

7. Santimay Chatterjee (1994). S.N. Bose: The man and his work: A

centennial tribute — Part II: Life, Lectures and Addresses, Miscellaneous
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10.

11.
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Pieces, Santimay Chatterjee (Principal Editor), S N Bose National
Centre for Basic Sciences, Calcutta 1994.

Indian National Science Academy. Indian fellows. INSA India. https://
insaindia.res.in/indian-fellows-2/

Santimay Chatterjee & Enakshi Chatterjee (2021). Sazyendra Nath
Bose. National Book Trust, India.

India Science, Technology & Innovation - ISTI Portal. Sazyendra Nath
Bose: Pioneer of Quantum Statistics and Condensed Matter Physics. hteps://
www.indiascienceandtechnology.gov.in/listingpage/satyendra-nath-
bose-pioneer-quantum-statistics-and-condensed-matter-physics
Baskaran, G., & May, A. R. (2024). Boson bloom. Journal of Physics
B: Atomic, Molecular and Optical Physics, 57(14), 142001. https://doi.
org/10.1088/1361-6455/ad3t4
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ABOUT THE BOOK

Satyendra Nath Bose, a renowned Indian physicist and mathematician was
born on January 1, 1894, in Calcutta (now Kolkata). He is best known for his
groundbreaking work on quantum mechanics, particularly in developing the
foundation for Bose-Einstein statistics and the theory of the Bose-Einstein
condensate. Bose's contributions to science are immense. He provided a
new derivation of Planck's law, treating radiation as a gas of photons and
using novel statistical techniques. He passed away on February 4, 1974, but
his contributions to physics and mathematics remain unparalleled. Prof. S N
Bose's legacy continues to inspire scientists and researchers worldwide.
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