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OPERATIONAL OBJECTIVES 
Charter of Indian Navy: Diplomatic, military, and constabulary roles. 
Joint Activities: Patrolling, maritime partnership exercises with various navies, including in piracy-prone 
regions. 
Capability Building: During port visits, collaboration with host navies and military/government leadership. 
 
STRATEGIC AIMS 
1. Strengthening India’s maritime cooperation with littoral nations. 
2. Engaging with the Indian diaspora in the region. 
3. Demonstrating the Indian Navy’s commitment to safeguarding the global seafaring community. 
4. Deployment: INS Tushil is set to conduct joint exercises, patrols, and maritime cooperation en route to 
India. 
5. Capability: Enhances the Indian Navy’s blue-water operational capacity and diplomatic engagement. 
 
STEALTH TECHNOLOGY: 

Aspect Details 

Definition 
Military tactics and countermeasures to reduce visibility to radar, infrared, sonar, 
etc. 

Objective 
Operate or hide without alerting enemy forces to the presence of personnel or 
equipment. 

Applications 
Aircraft, ships, submarines, missiles, satellites, ground vehicles, and military 
uniforms. 

Methods – Shape Design: Reduces radar detection by redirecting waves. 

– Radiation-Absorbent Materials (RAM): Blocks radar signals. 

– Multi-Spectral Camouflage: Adapts to radar, visual, and infrared spectra. 

– Infrared Reduction: Chemicals applied to uniforms/vehicles reduce heat 
signatures. 

History – Began in 1958 in the U.S. to counter Soviet radar tracking during the Cold War. 

– Initial efforts focused on U-2 spy planes. 

– Expanded to include advanced stealth designs like the B-2 Spirit. 

Notable Example Northrop Grumman B-2 Spirit Stealth Bomber. 

Strategic 
Importance 

– Mitigates advancements in radar, infrared tracking, and surface-to-air missile 
technologies. 

– Tailored spectral signatures for specific detection threats. 

  



 

PRELIMS QUESTIONS: 
Q. The primary objective of stealth technology in military applications is:
a) Increase weapon firepower 
b) Enhance the visibility of military assets
c) Reduce detectability to radar, infrared,
d) Improve communication range 
ANSWER: C. 
 

 
 
 
 

UNLOCKING THE POWER 
REVOLUTION IN TECHNO
WHY IN THE NEWS? 
Nano Bubble Technology was launched by the Union Minister of State for Forest, Environment, and Climate 
Change at the National Zoological Park, Delhi, marking a groundbreaking approach to water purification.”

WHAT IS NANO BUBBLE TECHNOLOGY?
Nano Bubble Technology is an advanced gas delivery technology that utilizes ultra
enhance water quality, improve chemis
bubbles, known as nanobubbles or ultrafine bubbles, are spherical gas bubbles with a diameter smaller than 
1 micrometre, typically ranging from 50 to 200 nanometers.
Key Features of Nano Bubbles: 
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TECHNOLOGY? 
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Nano Bubble Technology is an advanced gas delivery technology that utilizes ultra-small gas bubbles to 
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1. Size: Nanobubbles are incredibly tiny, with a diameter of less than 1 micrometre (1000 nanometers), 
which allows them to behave differently from larger bubbles.
2. Stability: Unlike larger gas bubbles that rise quickly and dissipate, nanobubbles remain stable in liquid for 
much longer periods. This makes them highly effective in processes where sustained gas presence is 
necessary. 
3. High Surface Area: Due to their small size, 
allows them to interact more efficiently with surrounding liquids, leading to more effective chemical 
reactions. 
4. Unique Behavior: Nanobubbles can stay suspended in liquids without rising to the 
feature that distinguishes them from larger bubbles.

APPLICATIONS OF NANO BUBBLE TECHNOLO
1. Water Treatment: Nanobubbles can enhance water quality by increasing the dissolved oxygen content in 
water, aiding in the breakdown of contaminants, improving 
efficiency of water purification processes.
3. Environmental Protection: They help in treating industrial wastewater by increasing oxygenation, which 
supports the breakdown of pollutants and improves water quality. Nanobubbles are also used in 
environmental cleanup to remove oils, heavy metals, and 
4. Agriculture: In agriculture, nanobubbles are used to enhance irrigation systems, improving oxygen levels 
in soil and water, which boosts plant health, root growth, and overall crop yield.
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5. Aquaculture: In fish farming and aquaculture, nanobubbles provide a continuous supply of oxygen to fish 
tanks, improving fish health, growth rates, and survival.
6. Medical and Healthcare: Research is exploring the use of nanobubbles for drug delivery systems, where 
they can transport medications more effectively to targeted areas in the body.
7. Cleaning and Disinfection: Nanobubbles are used in cleaning processes because of their ability to break 
down oils, dirt, and other contaminants more effectively, leading to more efficien
 
HOW NANO BUBBLE TECHNOLOGY CLEANS & PURI
1. Algae Removal: Nanobubbles break down algae and prevent its buildup in stagnant water, improving 
clarity and preventing harmful blooms.
2. Waste Treatment: They efficiently digest biolog
wastewater treatment. 
3. Gas Transfer: Nanobubbles enhance oxygen transfer, supporting aerobic microorganisms that break down 
pollutants and improve water quality.
4. Surface Cleaning: They remove organic materials from surfaces without chemicals, effectively cleaning 
pipes, tanks, and equipment. 
5. Odor Control: Nanobubbles help neutralize odours by breaking down organic compounds responsible for 
unpleasant smells in water. 
6. Enhanced Filtration: They assist in particle removal by agglomerating smaller contaminants, improving 
water clarity and filtration performance.
7. Disinfection: Ozone-infused nanobubbles disinfect water by killing harmful bacteria, viruses, and 
pathogens, offering an eco-friendly alternative to chemicals.
8. Heavy Metal Removal: Nanobubbles aid in removing heavy metals like lead and mercury, making water 
safer for use. 

ISSUES HINDERING THE POTENTIAL OF NANOTE
1. High Production Costs: Creating nanobubbles requires specialized, costly equipment, limiting its 
affordability for large-scale use. 
2. Scalability: Expanding nano bubble applications from small to large systems is challenging and expensive.
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3. Lack of Standardization: A lack of consistent methods and protocols makes it difficult to evaluate or 
replicate results. 
4. Limited Long-Term Research: More studies are needed to understand the long-term effects on 
ecosystems, health, and industry. 
5. Regulatory Concerns: Safety and regulatory challenges exist, particularly in food, agriculture, and medical 
applications. 
6. Energy Consumption: Nanobubble generation consumes significant energy, which can reduce 
environmental benefits if not optimized. 
7 . Unclear Mechanisms: The exact interactions of nanobubbles with contaminants or materials are still not 
fully understood. 
8. Equipment & Maintenance: The need for specialized, high-maintenance equipment adds to operational 
costs. 
9. Environmental Variability: Water conditions like temperature or contaminants can reduce the 
effectiveness of nanobubbles. 
 
WAY FORWARD: 
1. Reduce Costs: Innovate more cost-effective manufacturing processes and materials to make 
nanotechnology accessible for widespread use. 
2. Enhance Scalability: Focus on developing scalable methods that can be applied in large industries, 
ensuring efficiency and affordability. 
3. Establish Standards: Create global standards and regulations for nanotechnology to ensure consistency, 
safety, and effective implementation across sectors. 
4. Promote Research: Invest in long-term, interdisciplinary research to understand the full capabilities and 
risks of nanomaterials and their applications. Address 
5. Address Regulatory Concerns: Work with governments and regulatory bodies to ensure clear guidelines 
for safe and responsible use in areas like healthcare and food. 
6. Optimize Energy Use: Improve energy efficiency in nanotechnology processes to ensure sustainability and 
reduce the environmental footprint. 
 
CONCLUSION: 
Nano Bubble Technology offers significant potential for improving water quality and addressing 
environmental challenges across various sectors. It enhances water treatment, boosts agricultural 
productivity, and supports aquaculture, among other benefits. High costs, scalability issues, lack of 
standards, and energy demands limit its widespread use. To unlock its full potential, efforts must focus on 
reducing costs, improving scalability, conducting more research, and establishing clear regulations. With 
these advancements, Nano Bubble Technology could play a pivotal role in sustainable development and 
environmental protection. 
 
PRELIMS QUESTION: 
Q. With reference to Nano Bubble Technology, which of the following statements is/are correct? 
1. Nanobubbles have a diameter smaller than 1 micrometre, typically ranging from 50 to 200 nanometers 
2. Nanobubbles have a very short lifespan and dissipate quickly in liquids. 
Select the correct answer using the code given below: 
A.1 only 
B. 2 only 
C. Both 1 and 2 
D. Neither 1 nor 2 



 

Answer: A 
MAINS QUESTION: 
Q. Discuss the potential applications and challenges of Nano Bubble Technology in water purification and 
environmental protection. (250 words,
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words, 15 marks) 
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