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GS Paper 2 — International Relation

n Easing Restrictions to Bolster Indo-US Nuclear Partnership

Context: The United States has recently announced the removal of restrictions | U.S.-India
on several key Indian nuclear entities, including the Bhabha Atomic Research Partnership
Centre (BARC), Indira Gandhi Atomic Research Centre (IGCAR), and Indian 1
Rare Earths Limited (IREL), from its Entity List. This decision is expected to
rejuvenate the Indo-US nuclear deal and enhance bilateral cooperation in
nuclear technology.

The US Entity List is a tool of the US Department of Commerce, used to restrict access to US-origin goods,
services, and technology for foreign entities deemed a risk to national security or foreign policy.

Historical Background:
The 123 Agreement:

The Agreement for Cooperation between India and the United States concerning the Peaceful Uses of
Nuclear Energy, also known as the 123 Agreement, was signed under Section 123 of the US Atomic Energy
Act of 1954.

e Itaimed to end technology denial regimes and nuclear isolation for India, which had persisted for
three decades.

e The agreement opened doors for India to engage in civil nuclear cooperation with the US and other
global partners on equal terms.

The Indo-US Nuclear Deal (2008):

e Thelandmark agreement signed in 2008 granted India access to nuclear technology and fuel from
the international market, even though India is not a signatory to the Nuclear Non-Proliferation
Treaty (NPT).

o It allowed India to participate in the global nuclear trade, ensuring its access to nuclear materials
and technology without the obligation to sign the Comprehensive Nuclear-Test-Ban Treaty (CTBT)
or the Fissile Material Cut-off Treaty (FMCT).

Significance of Indo-US Civil Nuclear Collaboration:
1. Critical Technology and Innovation:

o Under the Initiative on Critical and Emerging Technology (iCET), the partnership aims to
foster innovation and enable joint manufacturing of nuclear components.

o This includes the potential deployment of American atomic reactors in India and the
development of Small Modular Reactors (SMRs) and Light Water Reactors (LWRs).

2. Energy Security and Climate Goals:

o Nuclear energy provides a low-carbon, reliable energy source, aligning with India’s clean
energy goals and its commitment to reducing greenhouse gas emissions.

o Collaboration with the US can help India meet its growing energy demands while
transitioning from fossil fuels.

3. Technological Advancements:

o Access to advanced nuclear technology from the US will improve the efficiency and safety

of Indian nuclear plants.
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o It will also encourage joint research and innovation in nuclear science, benefiting both
nations.

Implications of the Easing of Restrictions:
1. Strategic Importance:

o Removing Indian entities from the US Restricted Lists paves the way for enhanced scientific
and technological cooperation, giving fresh momentum to the nuclear partnership.

2. Global and Regional Significance:

o The partnership underscores the geopolitical importance of India-US relations, particularly
in the Indo-Pacific region, where both countries seek to counterbalance emerging challenges.

3. Economic and Industrial Growth:

o Increased nuclear collaboration can boost industrial growth, foster employment
opportunities, and strengthen India’s clean energy infrastructure.

Key Challenges:
1. Nuclear Liability Laws:

o India’s Civil Liability for Nuclear Damage Act, 2010, places liability for nuclear accidents on
operators, rather than suppliers, deterring foreign nuclear vendors.

2. US Authorization Hurdles:

o The 10CFR810 authorization under the US Atomic Energy Act imposes strict safeguards,
limiting US nuclear vendors from manufacturing nuclear equipment or performing design
work in India.

3. Regulatory and Bureaucratic Barriers:

o Both nations face challenges in aligning regulatory frameworks and navigating complex
approval processes.

Future Prospects:

The easing of restrictions by the US marks a new chapter in the Indo-US nuclear partnership. By leveraging
American nuclear technology, India can significantly expand its clean energy infrastructure,
contributing to global efforts to combat climate change.

This collaboration also highlights the strategic importance of India-US relations, enhancing their position
in the Indo-Pacific. Overcoming regulatory hurdles and streamlining processes will be critical to
realizing the full potential of this partnership, ensuring mutual benefits in energy security, innovation, and
geopolitical stability.
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GS Paper 1 — Heritage and Culture, History, and Geography

Twigstats Unveils High-Resolution Genomic History of Early Medieval Europe

Context: A groundbreaking study published in Nature leveraged the innovative tool
Twigstats to analyze ancient genomes from Europe, offering unprecedented insights ek
into the genomic history of the early medieval period. This research marks a [=skses
significant step in reconstructing the population dynamics and cultural transitions of e

the era.

Early Medieval -

Exploring Ancient Genetic Material:

Prehistoric burial sites, including ceremonial burials, mass grave mounds, and war graves, house
invaluable ancient DNA (aDNA) that sheds light on:

e Population expansions and replacements.

o Admixture events and cultural transitions.

o Historical migrations and interactions between ancient communities.
What is Twigstats?

Twigstats is a cutting-edge, time-stratified ancestry analysis tool designed to enhance genetic history
research. It stands out for its ability to analyze genetic data with high precision, using advanced
computational techniques.
Key Features:

o Statistical Innovation: Utilizes the programming languages R and C++ for robust analysis.

e Focused Insights: Targets recent mutations, which provide clearer details about specific historical
periods.

e Improved Resolution: Overcomes the limitations of traditional methods by offering a more refined
understanding of ancient population dynamics.

Traditional Genetic Analysis Techniques:
1. Single Nucleotide Polymorphisms (SNPs):
o SNPsrepresent genetic variations commonly used in reconstructing histories.

o Limitations: Require high-quality DNA samples and struggle to distinguish closely related
groups.

2. Haplotype and Rare Variant Analysis:
o Analyzes shared DNA segments (haplotypes) and rare genetic variations.
o Advantage: Provides higher resolution than SNPs alone.

3. Genealogical Tree Inference Methods:

o Builds genealogical trees from modern and ancient genomes, capturing time-specific
genetic structures effectively.

Challenges in Genetic Ancestry Studies:
1. Statistical Similarity:
o Ancient populations often appear statistically similar, making differentiation challenging.

2. Sample Size and Quality:
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o Ancient genomes generally have lower sequencing quality compared to medieval or modern
samples.

3. Gene Flow:

o The continuous gene flow between ancient and modern populations complicates ancestry
tracing, creating overlaps in genetic data.

India’s Genetic History: A Case Study:

A 2009 study by the Broad Institute and CSIR-Centre for Cellular and Molecular Biology, Hyderabad,
examined Indian genetic history and revealed:

1. Ancestral North Indians (ANI):
o Linked to Central Asia, Europe, and the Middle East.
2. Ancestral South Indians (ASI):
o Identified as a distinct group, separate from ANI populations.
This study highlighted the rich diversity and complex admixture events in India’s genetic history.
Significance of the Study:

1. Refining Population History: The integration of Twigstats with genetic, archaeological, and
historical data reveals how cultural shifts often align with genetic changes.

2. High-Resolution Insights:
o Offers a clearer understanding of the processes shaping ancient populations.
o Enables global reconstructions of human ancestry with exceptional detail.
3. Innovative Applications:

o Twigstats’ methodology has applications beyond Europe, providing a framework for studying
other regions with ancient genetic materials.

Conclusion:

The use of Twigstats exemplifies the transformative potential of innovative genomic tools in uncovering
the intricate history of early medieval populations. By correlating genetic evidence with archaeological
and historical data, this research not only enriches our understanding of ancient ancestry but also lays the
groundwork for future global studies into genetic and cultural evolution.
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GS Paper 2— Governance, Constitution, Polity, Social Justice
a U.S. Net Neutrality Rollback Highlights India's Divergent Path

Context: The 6th U.S. Circuit Court of Appeals recently ruled against the Federal
Communications Commission’s (FCC) attempt to enforce Net Neutrality. This
decision marks another chapter in the ongoing debate over internet regulation in
the United States.

Background:

o Tech Companies vs. ISPs: In the U.S., companies like Netflix opposed telecom providers charging
extra for bandwidth, fearing the creation of “fast lanes” and “slow lanes” for internet traffic.

o Policy Fluctuations:
o Obama-era policies enforced strict net neutrality rules.
o These rules were rolled back during the Trump administration.
o Under President Biden, efforts to reinstate them have faced judicial setbacks.
What is Net Neutrality?

Net Neutrality is the principle that internet service providers (ISPs) must treat all web traffic equally,
ensuring unrestricted access to all content and services, regardless of the source.

Key Features of Net Neutrality:
1. Equal Access: No blocking, throttling, or paid prioritization of content.
2. Consumer Protection: ISPs cannot charge extra for accessing specific websites or applications.

3. Freedom of Expression: Safeguards free speech by preventing ISPs from censoring or controlling
information.

Significance of Net Neutrality:

e Consumer Rights: Ensures users can access any content without undue restrictions or additional
costs.

o Innovation and Competition: Levels the playing field, allowing startups and smaller companies to
compete with established players.

o Preservation of Free Speech: Prevents ISPs from censoring content or manipulating access based
on commercial interests.

The Global Debate:
Proponents of Net Neutrality:
Advocates argue it is vital for:
e Afree and open internet.
e Preventing ISPs from controlling access or favoring content for profit.
o Protecting the rights of smaller businesses and consumers.
Opponents of Net Neutrality:
Critics, including many ISPs, believe:

e Strict regulations stifle investment and innovation.
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o Traffic prioritization may be necessary for ensuring high-quality services for critical applications.

India’s Distinct Approach to Net Neutrality:

India has taken a progressive and consistent stance on net neutrality, distinguishing itself from the
fluctuating policies in the U.S.

The Journey So Far:

e 2014: The debate began when Bharti Airtel proposed higher tariffs for internet calls (e.g., Viber),
triggering public outrage.

e 2016: The Telecom Regulatory Authority of India (TRAI) ruled in favor of net neutrality,
prohibiting:

o Differential pricing for internet services.
o Discriminatory programs like Facebook’s Free Basics and telecom-specific data plans.

e 2018: The Department of Telecommunications (DoT) incorporated net neutrality into the Unified
License framework, making it a binding condition for ISPs.

Recent Challenges:
o Demand for Network Usage Fees:

o Indian telecom operators are now demanding network usage fees from large tech companies
to compensate for the traffic they generate.

o This demand has sparked fresh concerns among net neutrality advocates, who fear it could
undermine the principles of an open internet.

Conclusion and Way Forward:

Net neutrality remains a cornerstone of the open internet, ensuring equal access, promoting innovation,
and safeguarding freedom of expression.

Key Recommendations:

1. Balanced Regulation: Policymakers must find a middle ground between regulation and free
market dynamics.

2. Encouraging Dialogue: Foster collaboration between telecom providers, tech companies, and
regulatory bodies to address legitimate concerns without compromising net neutrality.

3. Consumer-Centric Approach: Prioritize consumer rights and prevent measures that could limit
internet access or increase costs.

By adhering to these principles, India can continue to lead globally in preserving a free and equitable
internet, even as challenges evolve.
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GS Paper 3 — Technology, Economic Development
Inter-Ministerial Committee to Frame Al Rules and Develop Guidelines

Context: The Union Government has proposed forming an inter-ministerial
committee to enforce rules and create comprehensive Al guidelines, ensuring
effective governance of India’s evolving artificial intelligence ecosystem.

About the Initiative:

The IndiaAl Mission, under the leadership of the Principal Scientific Advisor, has
released a report on Al guidelines for public feedback.

e The report suggests a coordinated, whole-of-government approach to manage the rapid growth
and compliance requirements of the Al sector in India.

Key Highlights of the Report:
Principles for Al Governance:
The report proposes essential principles to guide Al systems, emphasizing:

1. Transparency: Ensuring access to meaningful information about the development and capabilities
of Al systems.

Accountability: Holding developers and deployers of Al systems responsible for their outputs.
Safety and Reliability: Embedding robustness and security into Al systems by design.

Privacy and Security: Protecting individual data and system integrity.

Fairness and Inclusion: Promoting non-discrimination and equitable access to Al benefits.
Human-Centered Values: Ensuring Al systems operate on ethical principles and cause no harm.

Sustainability: Encouraging inclusive innovation and equitable distribution of Al's benefits.

® N o ok W DN

Digital-Driven Governance: Leveraging digital technologies for efficient implementation of these
principles.

Lifecycle Approach:

The report advocates for a lifecycle approach to Al governance, which evaluates risks and challenges
during:

e Development, deployment, and diffusion stages.
e The involvement of all Al actors to foster a holistic ecosystem.
Tech-Enabled Governance:

A technology-driven regulatory framework is proposed for effective compliance and monitoring of Al
systems.

Understanding Artificial Intelligence (AI):
Artificial Intelligence (AI) refers to systems designed to replicate or enhance human cognitive capabilities.

o Applications: From self-driving cars to generative tools like ChatGPT and Google Bard, Al is
reshaping industries and daily life.

e Significance: Al has the potential to revolutionize healthcare, transportation, education, and
infrastructure by improving efficiency and decision-making processes.
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Why Rules Are Essential for Al:

1. Ethical Concerns: Al’s ability to make autonomous decisions necessitates rules to ensure its
alignment with human values and ethical standards.

2. Privacy and Security: Al often processes vast amounts of personal data, requiring regulations to
protect against misuse and ensure data security.

3. Transparency: Mandating developers to disclose algorithmic workings fosters trust and mitigates
bias or misuse.

4. Public Safety: In sectors like healthcare and public infrastructure, clear rules are critical to
prevent harm.

5. Competition and Innovation: A regulated environment promotes responsible innovation while
discouraging monopolistic practices.

India’s Regulatory Framework on Al:

1. Digital Personal Data Protection Act, 2023: Addresses privacy concerns related to Al platforms by
regulating data collection and usage.

2. Global Partnership on Artificial Intelligence (GPAI): India, as a member, hosted the 2023 GPAI
Summit, highlighting global collaboration on responsible Al

3. #AlIForAll Strategy: Launched by NITI Aayog, this focuses on leveraging Al for healthcare,
agriculture, education, and smart infrastructure.

4. Principles for Responsible Al (2021): An approach paper exploring ethical deployment of Al
systems in India.

Challenges in Regulating Al:
1. Rapid Evolution: Al's constant advancement makes it difficult to create future-proof regulations.
2. Balancing Innovation and Safety: Regulations must promote innovation while ensuring safety.
3. Global Coordination: Al regulation requires international cooperation to avoid fragmented rules.
4. Defining Al: The absence of a universally accepted definition complicates regulatory efforts.

The Road Ahead:

Al is poised to transform the way we live and work, offering immense opportunities for progress while posing
significant risks. To ensure its potential is harnessed responsibly:

1. Comprehensive Regulation: India must craft robust guidelines to govern Al ethically and effectively.
2. Proactive Measures: Anticipate challenges and establish safeguards to mitigate risks.

3. Global Collaboration: Work with international stakeholders for unified and coherent Al governance.
4

. Public Awareness: Promote education on Al benefits and risks to empower informed decision-
making.

By addressing the risks and ensuring equitable development, Al can be a force for good, fostering a safer
and more inclusive future.
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GS Paper 2 — International Relation
E India-U.S. Collaboration to Manufacture Interoperable Sonobuoys for Naval Operations

Context: India and the United States have announced a landmark agreement
to jointly manufacture sonobuoys—advanced underwater acoustic devices—
to enhance the Undersea Domain Awareness (UDA) of the Indian Navy.

What Are Sonobuoys?

Sonobuoys are compact, expendable devices designed to detect and track
submarines and underwater threats. They play a critical role in underwater acoustics and sonar systems,
offering precision capabilities to detect, analyze, and neutralize hostile objects beneath the surface.

How Do Sonobuoys Work?
1. Deployment: Sonobuoys are launched from aircraft or naval ships.

2. Activation: They activate upon hitting the water and deploy an inflatable float that remains at the
surface, maintaining communication.

3. Underwater Operations: Hydrophones attached to the sonobuoy descend to selected depths to
capture acoustic signals.

4. Data Transmission: These signals are sent to operators in real-time via VHF or UHF radio
frequencies for analysis.

Key Features:

e Interchangeable and Interoperable: Co-produced sonobuoys are designed to be seamlessly used
by both the Indian Navy and the U.S. Navy.

e Timeline: The system is expected to become operational by 2027.

e ‘Make in India’ Initiative: The production will be split between India and the U.S., aligning with
India’s commitment to indigenous manufacturing under the ‘Make in India’ program.

Significance of the Collaboration:

1. Enhanced Maritime Security: With growing concerns over the Chinese presence in the Indian
Ocean Region (IOR), this collaboration will boost India’s capability to detect and respond to
underwater threats.

2. Strategic Importance of UDA: After achieving significant progress in Maritime Domain
Awareness, UDA has emerged as a key focus area for India and other Quad nations.

3. Regional Stability: Strengthening underwater detection capabilities is crucial for ensuring the region
remains secure for trade, commerce, and overall prosperity.

4. Technology Transfer: The agreement highlights the U.S. commitment to technology transfer,
supporting India's ambition to establish itself as a global defense manufacturing hub.

Overview of India-U.S. Bilateral Relations:
Economic Ties:
o Bilateral trade between the two nations grew by 72% from 2017-18 to 2022-23.

e The U.S. contributed 18% of gross FDI inflows into India during 2021-22, making it India’s second-
largest investor after Singapore.
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Defense Cooperation:

e India and the U.S. have signed three foundational defense agreements:

1. LEMOA (2016): Allows the militaries of both nations to access each other’s bases for logistics
support.

2. COMCASA (2018): Ensures secure communication between defense systems.

3. BECA (2020): Enables sharing of geospatial intelligence for enhanced accuracy in military
operations.

e In 2016, the U.S. elevated India to the status of Major Defense Partner, an exclusive designation
reflecting deepening ties.

Space Collaboration:
o Indiajoined the Artemis Accords, promoting a shared vision for the future of space exploration.

e Both nations collaborate through the Civil Space Joint Working Group, advancing space science and
exploration.

Multilateral Engagement:

e India and the U.S. actively cooperate in organizations such as the United Nations, G20, ASEAN, and
WTO.

e Theyare key members of the Quad (alongside Japan and Australia), promoting a free and open Indo-
Pacific.

Nuclear Cooperation:
e The Civil Nuclear Deal (2005) marked a turning point in bilateral relations. Under this agreement:
o India separates its civil and military nuclear facilities.

o Civil facilities are placed under IAEA safeguards, enabling the U.S. to support India’s peaceful
nuclear energy initiatives.

Extra Insights:

e Quad’s Role in UDA: The Quad’s emphasis on underwater domain awareness reflects a shared goal
to counter potential security threats in the Indo-Pacific.

o Technology for Maritime Security: Sonobuoys represent just one facet of advanced technologies
that India and the U.S. are exploring to ensure regional stability.

Conclusion:

The India-U.S. sonobuoy co-production initiative is a strategic milestone in strengthening bilateral
defense cooperation and advancing India’s maritime security. This collaboration not only aligns with India’s
‘Make in India’ vision but also reinforces its position as a critical player in ensuring peace and stability in
the Indo-Pacific region. By deepening technological and defense partnerships, India and the U.S. are paving
the way for a secure, prosperous, and interconnected future.
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GS Paper 3 — Economy

u First Advance Estimates of Annual GDP for FY 2024-25

Context: The National Statistics Office (NSO) has released the First Advance
Estimates of Gross Domestic Product (GDP) for the financial year 2024-25,
offering a preliminary look at India’s economic performance and growth trajectory.

What is GDP?

Gross Domestic Product (GDP) is the total market value of all finished goods

and services produced within a country’s borders over a specific period. It acts as a comprehensive
measure of a nation’s economic health and serves as a benchmark for policymakers to assess growth and
development.

Understanding the First Advance Estimates (FAE):

The First Advance Estimates of GDP provide an early indication of the economy’s performance based on a
benchmark-indicator method.

Key Features of FAE:
o Datais sourced from various ministries, departments, and private agencies.
o Estimates are prepared sector-wise using indicators like:
o Index of Industrial Production (IIP)
o Financial performance of listed companies
o Agricultural and horticultural crop estimates
o Livestock production targets, fish production, and other indicators
Key Highlights of FY 2024-25 GDP Estimates:
GDP Growth:
o Real GDP Growth: Expected to grow by 6.4%, compared to 8.2% in FY 2023-24.
o Nominal GDP Growth: Projected at 9.7%, marginally higher than 9.6% in FY 2023-24.
Gross Value Added (GVA):
¢« Real GVA Growth: Estimated at 6.4%, down from 7.2% in FY 2023-24.
o Nominal GVA Growth: Predicted at 9.3%, up from 8.5% in FY 2023-24.
Sectoral Composition of Nominal GVA:
o Primary Sector: Agriculture, Livestock, Forestry, Fishing, and Mining.
e Secondary Sector: Manufacturing, Electricity, Water Supply, and Construction.

o Tertiary Sector: Trade, Hotels, Transport, Communication, Financial Services, Real Estate, and Public
Administration.

Components of GDP Growth:
Private Final Consumption Expenditure (PFCE):
e Accounts for 60% of GDP.
e Growth Rate: 7.3% in FY 2024-25, up from 4.0% in FY 2023-24.
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Government Final Consumption Expenditure (GFCE):

e Accounts for 10% of GDP.

o Growth Rate: 4.1% in FY 2024-25, up from 2.5% in FY 2023-24.
Gross Fixed Capital Formation (GFCF):

e Represents 30% of GDP.

e Growth Rate: 6.3% in FY 2024-25.
Net Exports:

e While India continues to face a trade deficit, the gap has narrowed recently, reflecting improvements
in export performance and controlled imports.

Challenges to GDP Growth:

1. Weak Private Consumption: Sluggish growth in consumer spending is limiting overall economic
momentum.

2. Investment Hesitancy: Businesses are cautious about expansion due to subdued demand and low
consumption levels.

3. Slow Government Spending: Public expenditure is not growing at a pace sufficient to drive
significant economic recovery.

4. Base Effect: High growth rates post-COVID-19 are partly attributed to a low base effect from the
contraction in 2020-21.

Did You Know?
o Primary Sector includes Agriculture, Livestock, Forestry, Fishing, and Mining.
o Secondary Sector covers Manufacturing, Electricity, Water Supply, and Construction.

e Tertiary Sector comprises Trade, Transport, Communication, Financial Services, Real Estate, and
Public Administration.

Conclusion and Way Forward:

The First Advance Estimates of GDP for FY 2024-25 reflect moderate but steady growth despite global
and domestic challenges. These estimates provide valuable insights for policymakers to navigate economic
hurdles and focus on sustainable growth.

Key Steps Ahead:

1. Boost Private Consumption: Measures to increase consumer spending can stimulate demand and
growth.

2. Encourage Investments: Incentivizing businesses to invest will drive long-term economic
expansion.

3. Enhance Public Spending: Increased government expenditure on infrastructure and social
programs can fuel growth.

4. Focus on Exports: Strengthening export competitiveness can reduce the trade deficit and enhance
economic resilience.

By addressing these challenges and leveraging growth opportunities, India can maintain a strong trajectory
toward achieving its goal of becoming a $5 trillion economy and a developed nation by 2047.
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