
Science & Technology
© ACADEMY OF CIVIL SERVICES

Presented By
ARJUN KR. PAUL, B. Tech (ME) Hons., MBA



Basics of Biotechnology
Lecture 1



Classification of Organism
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Taxonomy

Science that deals with identifying, classifying and naming of animals
Based on Behavioral, Genetic and Biochemical variations





Biomolecules: Carbohydrates 
• Carbohydrates: Energy

• 3 Types: Monosaccharides, 
Oligo/Di-saccharides and 
Polysaccharides

• Monosaccharides – Glucose, 
Fructose, Ribose

• Oligosaccharides – Maltose, 
Lactose and Sucrose

• Polysaccharides – Glycogen 
(muscle & liver cell) and Starch 
(plants)



Biomolecules: Proteins 
• Proteins: Structural Support, Biochemical catalysts, Hormones, Enzymes, Repair and Maintenance

• 50% of Cellular Dry Weight
• Polymers of Amino Acids – Polypeptide Chain
• 4 Types of Structure based on Folding – Primary, Secondary, Tertiary and Quaternary
• Eg. Myosin – Responsible for Muscle Contraction



Enzymes

• Bio-Catalyst – Proteins that Speed Up Reaction Rate

• Has “ACTIVE SITES”

• Unstable at High Temperature Eg. Fever

• pH Sensitivity – Too Acidic/Basic – Inhibit Reaction Eg. Pepsin

• Eg. Digestion – break down protein (Protease Enzyme), fats (Lipase 
enzyme) and carbohydrates (Carbohydrase)

• Disorders – Eg. Lactose Intolerance



Biomolecules: Lipids/Fats 
• Lipids/Fats:  

• Organic Molecules – Insoluble in Water
• Soluble in Organic Solvents
• Various Functions

• Signaling – Steroidal Hormone
• Temperature Regulation - Skin
• Energy Storage – Adipose Tissue fats
• Cholesterol – Precursor to Biosynthesis of 

Steroidal Hormone
• Vitamin Absorption

• Fat Soluble Vitamins – D.E.K.A.



Nucleic Acid 
• Genetic Material – Contains Hereditary Information
• Responsible for Protein Synthesis
• Process – Translation and Transcription
• 2 Types of Acids

• DNA – Deoxy-Ribo-Nucleic Acid
• RNA – Ribo-Nucleic Acid

• Nucleotide (Singular) – Nucleic (Plural)
• 4 Nitrogenous Bases
• Animals - Adenine Guanine Cytosine Thymine (DNA – AGCT)
• Plants - Adenine Guanine Cytosine Uracil (RNA – AGCU)
• Negatively Charged – Phosphate Group
• Pentose Sugar, Phosphoric Acid, Nitrogenous Base



Nucleic Acid 
DNA
• Double Helix – 2 

Polynucleotide Chains
• Hydrogen Bond
• More Stable

RNA
• Single Stranded
• Folds back sometimes
• Multiple Types

• Ribosomal RNA
• Transfer RNA
• Messenger RNA
• Micro RNA Common Genetic Disorders:

1. Chromosomal Disorder: Down Syndrome
2. Multifactorial Disorder: Alzheimer, Arthritis, Autism, Cancer, Coronary 

Artery Disease, Diabetes
3. Monogenic Disorders: Sickle Cell Disease, Cystic Fibrosis
4. Rare Genetic Disorder: Mitochondrial Disease



2. Cells
• “A cell is defined as the smallest, basic unit of life that is responsible 

for all of life’s processes.”

• Discovered by Robert Hooke, 1665
• Cell Theory : Theodor Schwann, Matthias Schleiden, and Rudolf Virchow 

(MaRT)



Eukaryotic v/s Prokaryotic Cells



Cell Classification

1. Smallest Cell: Mycoplasm | Largest Cell: Ostrich Egg
2. Smallest Cell (Human): Cerebellum’s Granule Cell
3. Longest Cell (Human): Nerve Cells/Neurons



Cell Structure

• Cell Membrane

• Cell Wall

• Cytoplasm

• Nucleus

• Cell Organelles



Prospects of Biotechnology

• Green BT

• Blue BT

• Red BT

• White BT

• Grey BT

• Yellow BT

• Dark BT

• Gold BT



Biotechnology

• Using Live Organism/Enzymes > Produce Products/Processes

• Basic Eg. Curd, Bread, Cheese, Wine

• Techniques used in BT
• Recombinant DNA Technology
• Genome Sequencing
• DNA Fingerprinting
• Somatic Cell Nuclear Transfer Technology
• Stem Cell Research

• Principles in BT
- Genetic Engineering
- Bioprocess Engineering
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What is Biotechnology?

• Technique of Using Live Organism or 
Enzymes to Produce a Product or 
Process useful to Humans

• Eg. Wine and Bread Making, In Vitro 
Fertilization, Cloning, Gene Editing, 
Designer Babies etc.



Designer Babies

•A baby whose genetic 
makeup has been 
artificially selected by 
genetic engineering to 
ensure the presence or 
absence of particular 
genes or characteristics



Principles of Biotechnology

• Genetic Engineering: Techniques to alter the chemistry of genetic 
material (DNA and RNA), to introduce these into host organisms and 
thus change the phenotype of the host organism.

• Bioprocess Engineering: Maintenance of sterile (microbial 
contamination-free) ambience in chemical engineering processes to 
enable growth of only the desired microbe/eukaryotic cell in large 
quantities for the manufacture of biotechnological products 
like antibiotics, vaccines, enzymes, etc.



Transcription and Translation

Information in DNA transferred to 
mRNA 

DNA serves as template for 
complementary base pairing

RNA Polymerase catalyses to form 
pre-mRNA

Processed to form mRNA

• Step 1: Transcription • Step 2: Translation

the mRNA is "read" according 

to the genetic code w.r.t. DNA 

sequence

The mRNA template is then 

used to assemble chain of 

amino acids through 

Ribosome that form protein





Recombinant DNA (rDNA)

• Technique wherein a gene of interest is inserted into a vector 
to produce a recombinant DNA (rDNA) or products of the 
recombinant DNA 

•Desired traits of an organism is incorporated into the 
traits of another organism 



Steps Involved in rDNA

1. Isolation of genetic material 
2. Restriction enzyme digestion 
3. Amplification using PCR (Polymerase Chain Reaction) 
4. Ligation of DNA molecules into vector 
5. Insertion of recombinant DNA into host 
6. Obtaining foreign gene/product 
7. Downstream processing 



Autonomously Replicating circular extra-
chromosomal DNA of Salmonella typhimurium

Vector (Carrier)

Enables Linkage

PCR – Polymerase Chain Reaction
Using Polymerase Enzyme



Plasmids

• Small circular DNA molecule found in bacteria & other micro organism

• Physically separate from chromosomal DNA

• Replicate independently

• Also copies Foreign Gene when replicating (copying)



Plasmids



Tools for rDNA

Restriction Enzymes
• Belong to a larger class of enzymes called Nucleases
• 2 Kinds: Endo-nucleases (removes from within DNA) and 

Exo-nucleases (removes from end of DNA)
• Identifies length and sequence and then makes the cut
• Based on specific Palindromic Nucleotide sequences

• Palindrome – Reads same both ends, EG. MALAYALAM
• But in DNA’s case, sequence of base pairs that reads same on the two strands when 

orientation of reading is kept the same.
• 5' —— GAATTC —— 3’ with respect to other strand
• 3' —— CTTAAG —— 5’ with respect to other strand



Cutting using 
Restriction Enzymes

Separation using Gel 
Electrophoresis

Stained using Ethidium 
Bromide and viewed 

under UV light

Then extracted from 
Agrose Gel called 

Elution



Joining 2 DNA using Ligases 
enzyme and replicating 

using Tumorous/Cancerous 
Cloning Vectors like 

Agrobacterium tumifaciens

In animals, retrovirus 
which is Cancerous Cell 
has been transformed 

into Cloning Vector



Question 1: Recombinant DNA technology (Genetic Engineering) 
allows genes to be transferred (UPSC 2013)

1.  across different species of plants
2.  from animals to plants
3.  from microorganisms to higher organisms

Select the correct answer using the codes given below.

1.1 only

2.2 and 3 only

3.1 and 3 only

4.1, 2 and 3
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Question 2: With reference to recent developments regarding 
‘Recombinant Vector Vaccines’, consider the following 
statements: (UPSC 2021)

1.Genetic engineering is applied in the development of these vaccines.

2.Bacteria and viruses are used as vectors.

Which of the statements given above is/are correct?
1.1 only

2.2 only

3.Both 1 and 2

4.Neither 1 nor 2
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Question 3:‘Aerial metagenomics’ best refers to which one of the 
following situations?(UPSC 2023)

A. Collecting DNA samples from air in a habitat at one go

B. Understanding the genetic makeup of avian species of a habitat

C. Using air-bome devices to collect blood samples from moving 
animals

D. Sending drones to inaccessible areas to collect plant and animal 
samples from land surfaces and water bodies

• Ans: 
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• Question 4: ‘Microsatellite DNA’ is used in the case of which 
one of the following?(UPSC 2023)

A. Studying the evolutionary relationships among various 
species of fauna

B. Stimulating ‘stem cells’ to transform into diverse functional 
tissues

C. Promoting clonal propagation of horticultural plants

D. Assessing the efficacy of drugs by conducting a series of 
drug trials in a population

Ans:
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• Question 5: With reference to the recent developments in 
science, which one of the following statements is not 
correct? (UPSC 2019)

A. Functional chromosomes can be created by joining segments of 
DNA taken from cells of different species.

B. Pieces of artificial functional DNA can be created in laboratories.

C. A piece of DNA taken out from an animal cell can be made to 
replicate outside a living cell in a laboratory.

D. Cells taken out from plasma and animals can be made to undergo 
cell division in laboratory petri dishes



• Question 5: With reference to the recent developments in 
science, which one of the following statements is not 
correct? (UPSC 2019)

A. Functional chromosomes can be created by joining segments of 
DNA taken from cells of different species.

B. Pieces of artificial functional DNA can be created in laboratories.
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Genome Sequencing

Genome sequencing is figuring out the order of DNA 
nucleotides, or bases, in a genome—the order of 
Adenine, Cytosine, Guanines, and Thymine that 
make up an organism's DNA 





Importance of Genome Sequencing

• Important tool in Pharmacogenomics, clinical diagnosis, and 
translational vaccine development

• Characterize bacteria as well as track outbreaks

• Identifying inherited disorders and characterizing the mutations that 
drive cancer progression



Applications of Genome Sequencing
• Biological research: making proteins as well as regulating gene functions

• Forensics: DNA and RNA sequences can differentiate organisms down 
to species and individual levels, it can help to classify diseases, 
identify therapeutic targets, and customize treatments

• Diagnostics: Prenatal screening and Evaluating Disorders

• Drug Efficacy: Studies Relation between drugs and genome 
(pharmacogenomics)

• Vaccine Development

• Population Studies

• Agriculture and Food Security



Q. With reference to agriculture in India, how can the technique of 
'genome sequencing', often seen in the news, be used in the 
immediate future?

1.Genome sequencing can be used to identify genetic markers for 
disease resistance and drought tolerance in various crop plants.

2.This technique helps in reducing the time required to develop new 
varieties of crop plants.

3.It can be used to decipher the host-pathogen relationships in crops

Select the correct answer using the code given below: 

1. 1 only
2. 2 and 3 only
3. 1 and 3 only
4. 1, 2 and 3
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India’s INSACOG

• The Indian SARS-CoV-2 Genomics Consortium (INSACOG) is a 
multi-laboratory, multi-agency, Pan-India network to monitor 
genomic variations in the SARS-CoV-2 by a sentinel sequencing 
effort.

• The network carries out whole genome sequencing of SARS 
COV2 virus across the nation, aiding the understanding of how 
the virus spreads and evolves.

• Any changes to the genetic code, or mutations, can be observed 
in the samples and provide information to aid public health 
response



IndiGen Programme

• The goal is to enable genetic epidemiology and develop public 
health technology applications using population genome 
data.

• IndiGen is endorsed by the Council for Scientific and 
Industrial Research (CSIR).

• The outcomes of the IndiGen will be utilized towards 
understanding the genetic diversity on a population scale, 
making available genetic variant frequencies for clinical 
applications, and enabling genetic epidemiology of diseases.



GISAID

•Global Initiative on Sharing Avian Influenza Data 
•Global science initiative and primary source 

established in 2008 that provides open-access to 
genomic data of influenza viruses and the 
coronavirus responsible for COVID-19 Pandemic
•On January 10, 2020, the first whole-genome 

sequences of SARS-CoV-2 were made available on 
GISAID 



Human Genome Project

• The Human Genome Project was a significant global scientific endeavour 
whose primary goal was to create the first sequence of the human 
genome.

• The Project formally began in 1990 and was completed in 2003, to discover 
all the estimated 20,000-25,000 human genes and make them accessible 
for further biological study.

• Objectives: To create three research tools that will enable scientists to 
identify genes that are involved in both rare and common diseases.

• To investigate and educate the public about the ethical, legal, and social 
implications of new genetic technologies.



UPSC Mains PYQ

• Q. The human population is slated to grow to 9 billion by 2025. 
In this context, many scientists predict that plant genomics 
would play a critical role in keeping out hunger and preserving 
the environment. (UPSC Mains 2012)

• Q. Explain the objectives and the current achievements of the 
human genome project. (UPSC Mains 2007)



Somatic Cell Nuclear Transfer Technology

• Genetic Material (nucleus from embryonic, somatic or adult cell) 
is removed and placed into cytoplasm of enucleated unfertilised 
egg (whose nuclease has been removed)

• Once inside the egg, the somatic nucleus is reprogrammed by 
egg cytoplasmic factors to become a zygote (fertilized egg) 
nucleus.

• The egg is allowed to develop to the blastocyst stage, at which 
point a culture of embryonic stem cells (ESCs) can be created 
from the inner cell mass of the blastocyst.

• SCNT first used in 1996 to create the cloned sheep Dolly





What is the application of Somatic Cell Nuclear 
Transfer Technology? (2017)

A. Production of bio larvicides

B. Manufacture of biodegradable plastics

C. Reproductive cloning of animals

D. Production of organisms free of diseases



Stem Cell Technology

• Stem cells are body’s raw materials cells from which all other cells 
with specialised functions are generated

• It is undifferentiated cell of multicellular organism which is capable of 
giving rise to indefinitely more cells (through mitosis) of same type, 
and from which certain other kinds of cell may be formed by the 
cellular differentiation



Properties of Stem Cells

1. Stem cells are unspecialised

2. Stem cells can be induced to differentiate in several 
lineages

3. Stem cells has renewal property



Types of Stem Cells: Character Based

• Totipotent: Stem cells that give rise to whole organism
• Eg. Zygote, Placenta, Umbilical Cord

• Pluripotent can give rise to all of the cell types that make up the body
• Eg. Embryonic

• Multipotent can develop into more than one cell type, but are more 
limited than pluripotent cells
• Eg. Bone marrow, Adult stem cells

• Unipotent: Stem cells that give rise to only type of cell
• Eg. Germline stem cells, Skin Cells





Types of Stem Cells: Origin Based

1. Embryonic Stem Cells: Derived from inner cell mass of Blastocyst 
(an early stage embryo)

2. Adult Somatic Stem Cells: Undifferentiated Cells found throughout 
body after development. It multiplies by cell division to replenish 
dying cells and regenerate damaged tissues

3. Induced Pluripotent Stem Cell: Formed from Adult Somatic Stem 
Cells (Multipotent) and turned to Pluripotent through Genetic 
Programming or ‘Forced’ introduction of Reprogramming Genes 
called Yamanaka Factors







Regenerative Therapy: 
Prevent any disease

Hematopoietic Stem 
Cell Transplantation 

(HSCT): Leukaemia and 
Lymphoma



In Vitro Fertilisation

• Process of fertilization where an egg is combined with sperm in vitro 
(in the laboratory)

• IVF is a type of assisted reproductive technology used for infertility 
treatment and gestational surrogacy

• In July 1978, Louise Brown was the first child successfully born after 
her mother received IVF treatment



IVF Cases

• Case 1: Sperms healthy, ovum is diseased. Donor Female’s ovum is 
fertilised by sperm in vitro and implanted into original mother

• Case 2: Sperm and Ovum healthy. Mother cannot conceive. Fertilised 
zygote implanted into Surrogate/Foster mother

• Case 3: Sperms bad. Ovum healthy. Donor sperm used to fertilise the 
egg and implanted into original mother.





Assisted Reproductive Technology 
(ART) (Regulation) Act, 2021

• Aims to regulate and supervise assisted reproductive 
technology clinics and banks, prevent misuse of the 
technology and promote the ethical practice of the services

• Examples of ART services include gamete (sperm or oocyte) 
donation, in-vitro fertilization (fertilizing an egg in the lab) 
and gestational surrogacy (the child is not biologically related 
to the surrogate mother)



Genome Editing

• Genome editing is a technique used to modify DNA precisely and 
efficiently within a cell.

• Genome editing can be used to add, remove, or alter DNA in the 
genome.

• It involves making cuts at specific DNA sequences with enzymes 
called ‘engineered nucleases’.

• Eg. Cas9, ZFNs (Zinc Finger Nucleases), TALENs (Transcriptor 
Activator Like Effector Nucleases)

• By editing the genome, the characteristics of a cell or an 
organism can be changed.



CRISPR-Cas9: Gene editing tool

• CRISPR: - Clustered Regularly Interspaced Short Palindromic Repeats 
is family of DNA sequences found in the genomes of prokaryotic 
organisms such as bacteria and archaea

• Cas9: - CRISPR-associated protein 9

• These sequences are derived from DNA fragments of bacteriophages 
that had previously infected the prokaryote





Steps involved in CRISPR Cas9

1. Identification of DNA sequence

2. RNA binds to a specific target sequence of DNA in genome 
and also binds to Cas9 enzyme

3. Modified RNA is used to recognize DNA sequence, and 
Cas9 enzyme cuts the DNA at the targeted location.

4. Once DNA is cut, DNA’s own repair machinery is used to 
add or delete pieces of genetic material, or make changes 
to DNA by replacing an existing segment with a customized 
DNA sequence



Q. What is Cas9 protein that is often 
mentioned in the news ? (2019)

A. A molecular scissors used in targeted gene editing.

B. A biosensor used in the accurate detection of pathogens in 
patients.

C. A gene that makes plants pest-resistant

D. A herbicidal substance synthesized in generally modified 
crops



Applications of Biotechnology
1. GMOs (Genetically Modified Organisms)

• Cisgenic (within species) and Transgenic (different species)

• Bollgard Bt Cotton: Produces Natural insecticide (toxic protein) in 
its tissues
• Bollgard 1: Cry1Ac Gene – protection against bollworms

• Bollgard 2: Cry1Ac + Cry2Ab Gene – bollworms & Spodoptera caterpillar

• Bollgard 3: Cry1Ac + Cry2Ab Gene + Vip3A (control cotton pests like black 
cutworm)



1. GMOs continued:
• GM Rubber – world’s 1st and planted in the outskirts of Guwahati

• Gene MnSOD (Manganese Superoxide Dismutase) – withstand cold and 
harsh weather condition

• Leading producer Indonesia and Thailand

• Flavr Savr Tomato
• Made in USA – Resistant to Rotting

• Biofortified Rice – Golden Rice
• Vitamin A fortified

Beta polygalacturonase (PG) 
enzyme spoils tomato



• GMO Continued
• GM Mustard – Dhara Hybrid 11 (Herbicide tolerant)

• Reduce India’s edible oil imports – Imported from Thailand, Malaysia and 
Indonesia

• Uses soil bacterium – Bacillus amyloliquefaciens – enables self pollination

• GEAC (Genetic Engineering Approval Committee) Approved 
Commercial Cultivation of Bt Cotton and GM Mustard

• Disadvantages:
• High Cost, Development of Resistance, Terminator Technology, 

Environmental Concern, Ethical Concern



RNA Interference (RNAi)

1. RNAi takes place in all eukaryotic organisms as a method of cellular 
defense

2. Involves silencing of a specific mRNA due to a complementary 
dsRNA molecule that binds to and prevents translation of the mRNA 
(silencing its ability to synthesize protein)

3. The source of this complementary RNA could be from an infection 
by viruses having RNA genomes or mobile genetic elements 
(transposons)that replicate via an RNA intermediate





Application of RNA Interference

• Natural Insecticide/Pesticide. Eg. Tobacco infected by Meloidegyne 
Incognitia

• Cancer Treatment

• Treating Neurogenerative Disease

• Viral Infection Suppression



Mycorrhizal Biotechnology

• Mycorrhiza fungi act as biofertilizer and helps in maintaining the soil 
resulting in higher organic content

• Ability to tolerate extremes of pH, high temperature and heavy metal 
toxicity

• Helps in resisting drought and salinity

• Fungi can reduce disease occurrence

• Decrease soil erosion





Genetically Engineered Insulin

• In 1983, Eli Lilly an American company prepared two DNA sequences 
corresponding to A and B, chains of human insulin and introduced 
them in plasmids of E. coli to produce insulin chains.

• Chains A and B were produced separately, extracted and combined by 
creating disulfide bonds to form human insulin



Gene Therapy

• Gene therapy is a collection of methods that allows correction of a 
gene defect that has been diagnosed in a child/embryo.

• Mutation in gene > Production of dysfunctional protein > Inherited 
Disease

• Gene therapy can deliver copy of this gene without the mutation

• The first clinical gene therapy was given in 1990 to a 4-year old girl 
with adenosine deaminase (ADA) deficiency





Molecular Diagnosis

PCR Polymerase Chain Reaction
• Method used to rapidly make millions to billions of DNA copies
• Small sample can be amplified for further study and research
• Developed in 1983, Kary Mullis (American Biochemist)
• Taq Polymerase is the enzyme used – isolated from Thermophilic Bacterium

ELISA
• Enzyme Linked Immunosorbent assay
• Used as diagnostic tool in medicine, pathology and biotechnology as well as 

quality control checks
• HIV Test or West Nile Virus Test
• Used in Food Industry – detect potential food allergens



Transgenic Animals

• Genome altered by transfer of genes from other organisam

• Enhance traits and characteristics or for R&D

• Eg. 95% Genetically Modified Animals = rats, rabbits, pigs, sheeps, cows, 
fish – Dolly the Sheep 1996

• Used For:

• Study of Normal Physiology and Development

• Study of Disease: phenylketonuria (PKU) and hereditary emphysema

• Biological Product Eg. Human Protein alpha-lactalbumin in Cow Milk 
(Rosie 1997) – safe for baby

• Vaccine Safety

• Chemical Safety Testing



Biopiracy

Practice of Commercially Exploiting Naturally Occurring Biochemical or 
Genetic Material, by restricting its Future Use by filing Patents and also 
not paying Compensation to the community from which it originates.

1. Neem (anti fungal property exploited by USA Company)

2. Basmati Rice (USA Company)

3. Indian Wheat (European Company)

4. Turmeric (wound healing-University of Mississippi)



Bioinformatics

• Inter-Disciplinary field

• Develops Methods and Software 
Tools > To understand biological 
data

• Enables Prediction of structure of 
several molecules > Target Based 
Drug Delivery



Thank You!



Vaccination & Treatment



Vaccine

• A biological preparation that is used to stimulate the body’s immune 
response against disease

• It provides active acquired immunity to a PARTICULAR infectious 
disease

• Edward Jenner – “Father of Immunology” – British Physician
• Vaccine and Vaccination derived from Variolae vaccinae to denote 

cowpox
• Serum Institute of India (SII), Pune – Largest manufacture of vaccine



Universal Immunisation Programme

• 1978 – Expanded Programme of Immunisation (EPI)
• 1985 – UIP (Universal Immunisation Programme)
• 1992 – part of Child Survival and Safe Motherhood Programme
• 2005 – part of National Rural Health Mission (NRHM)
Now Consists of 12 Diseases
• 2007 – Hepatitis B
• 2017 – Pneumococcal Diseases (Meningitis and Pneumonia)
• 2017 – Measles Rubella







Mission Indradhanush

• Launched December 2014
• From 65% to 90% Immunisation Coverage before 2020
• Identification of High Focus Districts
• Ensuring Immunization of Unvaccinated and Partial Vaccinated 

Children
• Tuberculosis, Meningitis, Measles, Hepatitis B, Tetanus, Whopping 

cold, Poliomyelitis, and Diphtheria
• Japanese Encephalitis and Haemophilus Influenza
• Intensified Mission Indradhanush 2.0, 3.0, 4.0, 5.0







Major Vaccine Types

1. Live Attenuated Vaccine
2. Inactivated Vaccine
3. Toxoid Vaccines
4. Subunit Vaccine
5. Conjugate Vaccine
6. Viral Vector Vaccine
7. mRNA Vaccine
8. DNA Vaccine



















DNA Vaccine











NTAGI

• National Technical Advisory Group on Immunisation
• Estd. In 2001 under MoHFW
• Apex Advisory Body on Immunisation
• Provide Guidance and Advice to MoHFW on Vaccination and 

Immunsation Services
• Enables Informed Decision Making





GAVI – Vaccine Alliance

• Created in 2000 – International Organisation – Global Vaccine Alliance
• Goal of Creating Equal Access to New and Underused Vaccines for 

Children in Poorest Countries
• Core Partners – WHO + UNICEF + WB + Bill & Melinda Gates 

Foundation
• 2019 – 5 year Strategy (Gavi 5.0) – Leave no one behind with 

Immunsation



CEPI

• Coalition for Epidemic Preparedness Innovations
• Global Partnership Launched in 2017
• Founded in Davis (Switzerland) by Govt. of Norway and India + Bill & 

Melinda Gates Foundation, Wellcome Trust and WEF



Vaccine Maitri

• Humanitarian Initiative of India to provide Covid-19 Vaccines to 
countries around the world

• Bhutan and Maldives were the 1st countries to receive vaccines as 
Grant

• Followed by Nepal, Bangladesh, Myanmar, Seychelles
• On Commercial basis to Canada, UK, Saudi Arabia etc.



Pharmacogenomics

• Study of how genes affect a person’s response to drugs
• Currently, most drugs are “One Size Fits All” category
• Knowledge of Human Genome Project – enable understanding of 

Inherited Differences how genes affect body’s response to 
medications

• Genetic Differences will enable Prediction whether a Mediation will 
be effective for a particular person and prevent adverse drug reaction

• Enable development of Tailored Drugs in Future





IndiGen Project

• Initiative of CSIR, 2019
• Enable Genetic Epidemiology
• Develop Public Health Technologies Applications using Population 

Genome Data
• Undertake whole genome sequencing of diverse population
• Develop Predictive Diagnostic Markers
• Enable next generation personalised medicine development



Immunotherapy

• Treatment of Diseases by activating or suppressing the immune 
system

• Elicit or Amplify an Immune response = activation immunotherapies 
(eg. Cancer Treatment)

• Reduce or Suppress = Suppression Immuntherapies (Eg. Organ 
Transplantation)

• Region of Interest for Promising Results in Cancer Treatment









Biopharma

• A biopharmaceutical, also known as a biological medical product, or 
biologic, is any pharmaceutical drug product manufactured in, 
extracted from, or semi synthesized from biological sources.

• Different from totally synthesized pharmaceuticals, they include 
vaccines, whole blood, blood components, allergenics, somatic cells, 
gene therapies, tissues, recombinant therapeutic protein, and living 
medicines used in cell therapy.





Biosimilar

• A biosimilar (also known as follow-on biologic or subsequent entry 
biologic) is a biologic medical product that is almost an identical copy 
of an original product that is manufactured by a different company.

• Biosimilars are officially approved versions of original "innovator" 
products and can be manufactured when the original product's 
patent expires







Drug

• Drugs are chemicals of low molecular masses (~100 – 500u)
• When the biological response is therapeutic and useful, these 

chemicals are called medicines and are used in diagnosis, prevention 
and treatment of diseases

• Use of chemicals for therapeutic effect is called chemotherapy
• Most of the drugs used as medicines are potential poisons, if taken in 

doses higher than those recommended.





Drugs Classification

• Antacids
• Antihistamine

• Neurologically Active Drugs
• Antibiotics

• Probiotic
• Antiseptic

• Antifertility



Antacids

• Antacids are medications that neutralize stomach 
acid to relieve heartburn, indigestion, and upset 
stomach

• They work by reacting with stomach acid to form 
a salt, which reduces the acidity of the stomach 
contents.

• Contains ingredients such as aluminum, calcium, 
magnesium or sodium bicarbonate





Antihistamine
• Used to relieve symptoms of allergies, such as 

hay fever, hives, runny nose, sneezing, itchy 
eyes & conjunctivitis and reactions to insect 
bites or sting

• They interfere histamine by competing with 
histamine for binding sites of receptor where 
histamine exerts its effect

• Available OTC (Over the Counter)
• Example: Claritin, Cetirizine, Fexofenadine etc.





Neurologically Active Drugs

• Neurologically active drugs are any substances that can affect the 
nervous system. 

• It refers to a broad category that encompasses a wide range of 
medications like: Analgesics, Antidepressants, Antianxiety, 
Antipsychotics and Anticonvulsants medication

• Tranquilizers
• Tranquilizers are a class of chemical compounds used for the treatment of 

stress, and mild or even severe mental diseases- Antidepressant drugs
• They form an essential component of sleeping pills 
• Equanil is used in controlling depression and hypertension.
• Barbiturates are hypnotic





Neurologically Active Drugs

• Analgesics
• Analgesics reduce or abolish pain without causing impairment of 

consciousness, mental confusion, incoordination or paralysis or some other 
disturbances of nervous system

 (i) Non-narcotic (non-addictive) analgesics
  Ex. Aspirin and Paracetamol
 (ii) Narcotic drugs
  Ex. Morphine, Heroine, Codeine



Non-Narcotic (non-addictive) Analgesics

• Aspirin and paracetamol
• Aspirin inhibits the synthesis of chemicals known as prostaglandins 

which stimulate inflammation in the tissue and cause pain. These 
drugs are effective in relieving skeletal pain such as that due to 
arthritis

• These drugs have many other effects such as reducing fever 
(antipyretic) and preventing platelet coagulation.

• Because of its anti blood clotting action, aspirin finds use in 
prevention of heart attacks





Narcotic drugs

• Example: Morphine, heroine, codeine
• When administered in medicinal doses, relieve pain and produce 

sleep. In poisonous doses, these produce stupor, coma, convulsions 
and ultimately death 

• Morphine narcotics are sometimes referred to as opiates, since they 
are obtained from the opium poppy



Antimicrobial

• Consists of broad category of medication that kills or inhibits the 
growth of micro-organisms like: Bacteria, Viruses, Fungi, Parasites etc.

• It is used to:
• Treat Infections
• Prevent Infections after Surgery/Medical Procedures
• Help Control Chronic conditions such as Acne

• Types
• Antibiotics
• Antivirals
• Antifungal
• Antiparasitic



Antibiotics

• An antibiotic now refers to a substance produced wholly or partly by 
chemical synthesis, which in low concentrations inhibits the growth 
or destroys microorganisms by intervening in their metabolic 
processes.

• Alexander Fleming credited for developing world’s 1st antibiotic in 
1945 – Penicillin

• Types
• Broad Spectrum
• Narrow Spectrum
• Limited Spectrum



Antibiotics

• Broad-spectrum : An antibiotic that is effective against a wide range 
of bacteria, both gram-positive and gram-negative

• Narrow-spectrum : Antibiotics that kill limited species of gram-
positive or gram-negative bacteria

• Limited spectrum: Specific to one/single type of bacteria.





Antiseptics

• Antiseptics are applied to the living tissues such as wounds, cuts, ulcers 
and diseased skin surfaces

• Commonly used antiseptic, dettol is a mixture of chloroxylenol and 
terpineol

• Bithionol (the compound is also called bithionol) is added to soaps to 
impart antiseptic properties

• Iodine is a powerful antiseptic.
• Its 2-3 per cent solution in alcohol water mixture is known as tincture of 

iodine. It is applied on wounds.
• Iodoform is also used as an antiseptic for wounds.
• Boric acid in dilute aqueous solution is weak antiseptic for eyes





Disinfectant

• Disinfectants are applied to inanimate objects such as floors, drainage 
system, instruments, etc.

• Same substances can act as an antiseptic as well as disinfectant by 
varying the concentration. For example,

• 0.2% solution of phenol is an antiseptic while its 1% solution is 
disinfectant

• Chlorine in the concentration of 0.2 to 0.4 ppm in aqueous solution 
and sulphur dioxide in very low concentrations, are disinfectants





Antimicrobial Resistance (AMR)

• Antimicrobial resistance (AMR) is the ability of a microorganism (like 
bacteria, viruses, and some parasites) to stop an antimicrobial drug 
from working against it 

• As a result, standard treatments become ineffective, infections persist 
and may spread to others.

• Microorganisms that develop antimicrobial resistance are sometimes 
referred to as “superbugs”





AMR

• Multidrug-Resistant Mycobacterium Tuberculosis (MDRTB), which is 
resistant to two tuberculosis drugs, isoniazid, and rifampicin.

• To combat MDR-TB scientists have developed a new drug named 
‘Bedaquiline’.

• 'Superbug gene’: Strains of Bacteria resistant to several types of 
antibiotics. 

• Example: Methicillin-resistant Staphylococcus aureus (MRSA)



AMR

• AMR threatens the effective prevention and treatment of diseases 
and infections.

• It leads to prolonged illness.
• Complex medical procedures like organ transplant, chemotherapy, etc 

become very risky.
• Cost of health care increases with longer stays in hospitals and 

intensive care units.
• Caused due to MISUSE/OVERUSE of antibiotics





Antifertility Drug

• Birth control pills essentially contain a mixture of synthetic estrogen 
and progesterone derivatives help prevent pregnancy

• Works by interfering with Women’s hormones to prevent Ovulation or 
Fertilization: Thickening of Cervical Muscle

• Type 1: Progestin Only Pills: Norethindrone is an example of synthetic 
progesterone derivative most widely used as antifertility drug.

• Type 2: Combination Pills: The estrogen derivative which is used in 
combination with progesterone derivative is ethynylestradiol 
(novestrol).



Generic Drug

• A generic drug is a pharmaceutical drug that contains the same 
chemical substance as a drug that was originally protected by 
chemical patents.

• Generic drugs are allowed for sale after the patents on the original 
drugs expire. Because the active chemical substance is the same, the 
medical profile of generics is believed to be equivalent in 
performance.

• A generic drug has the same active pharmaceutical ingredient (API) as 
the original, but it may differ in some characteristics such as the 
manufacturing process, formulation, excipients, color, taste, and 
packaging







Probiotics
• Probiotics are a combination of live beneficial bacteria and/or yeasts 

that naturally live in the body and offers health benefits
• Resides in our Gut alongside other microbes
• Probiotics work to maintain a healthy balance in this gut microbiota, 

promoting overall well-being
• Potential Benefits:

• Improved Digestion
• Enhanced Immune Function
• Other Health Benefits: Mental, Skin Health and Allerigies

Source: Probiotic Supplements and Foods like Yogurt
Example: Bulgarian Yoghurt contains Lactobacillus bulgaricus





Fixed Drug/ Dose Combination (FDC)

• Products containing one or more active ingredients used for a particular 
indication(s) in a single dosage form Two or more medicines in single 
dosage form

• paracetamol 500 mg
• pseudoephedrine hydrochloride 30 mg
• codeine phosphate 6 mg

• Individual doses forms in a co-pack
• alendronate 70 mg
• cholecalciferol 140 micrograms
• calcium 500 mg
• (Fosamax Plus D-Cal)





Fixed Drug/ Dose Combination (FDC)

• 1st Group FDC: One or more of the active ingredients is a new drug.
• 2nd Group FDC: Active ingredients already approved/marketed 

individually are combined for the first time
• 3rd Group FDC: Already marketed, but in which it is proposed either 

to change the ratio of active ingredients or to make a new therapeutic 
claim

• 4th Group FDC: Whose individual active ingredients (or drugs from 
the same class) have been widely used in a particular indication for 
years, their concomitant use is often necessary and no claim is 
proposed to be made other than convenience



Benefits of FDC

• Improved medication compliance by reducing the pill burden of 
patients

• Active ingredients used in the FDCs are unlikely to exhibit adverse 
drug interactions with each other 

• Reduce Medication Costs





Disadvantages of FDC

• Can be difficult to identify the main drug causing adverse side effects
• FDCs ‘limit clinicians’ ability to customize dosing regimens
• Challenges in the development stages of multi-drug formulations such 

as compatibility issues among active ingredients and excipients 
affecting solubility and dissolution





Hormone Replacement Therapy

• Hormone replacement therapy (HRT), also known as menopausal hormone 
therapy or postmenopausal hormone therapy, is a form of hormone 
therapy used to treat symptoms associated with female menopause

• Symptoms can include hot flashes, vaginal atrophy, accelerated skin aging, 
vaginal dryness, decreased muscle mass, sexual dysfunction, and bone loss.

• The main hormonal medications used in HRT for menopausal symptoms 
are estrogens and progestogens, amongst which progesterone is the major 
naturally occurring female sex hormone and also a manufactured 
medication used in menopausal hormone therapy







Hormone Replacement Therapy

• Estrogens – bioidentical estrogens like estradiol and estriol, animal-
derived estrogens like conjugated estrogens (CEEs), and synthetic 
estrogens like ethinylestradiol 

• Progestogens – bioidentical progesterone, and progestins (synthetic 
progestogens) like medroxyprogesterone acetate (MPA), 
norethisterone, and dydrogesterone

• Androgens – bioidentical testosterone and dehydroepiandrosterone 
(DHEA), and synthetic anabolic steroids like methyltestosterone and 
nandrolone decanoate







Central Drugs Standard Control Org.

Drugs Controller 
General of India 

(DCGI) heads 
CDSCO



Molnupiravir

• It is an antiviral medication specifically developed to treat COVID-19
• Molnupiravir, sold under the brand name Lagevrio 
• Works by interfering with the replication of the SARS-CoV-2 virus

• Introducing Errors: Gets incorporated into viral RNA during replication – 
causing replication and mutation errors – leading to non functional copy of 
itself

• Lethal Mutagenesis: altered viral RNA also lethal to virus itself reducing its 
ability to spread and cause infection

• Molnupiravir is a prodrug that exerts its antiviral action through 
introduction of copying errors during viral RNA replication

• Said to be effective against Omicron as well
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Spanish Flu – 1918 = 5 Crore Deaths



Bubonic Plague – The Black Death (1346-1353 – Wiped out 30% to 60% of 
European Population)



What is Immunity?

• Ability of the Body to defend itself against 
Disease causing Organism

• Ability to Release Antibodies against 
Pathogens

• This Defense Mechanism is called Immunity

• 2 Major Types
• Innate or Natural or Non Specific

• Acquired or Adaptive







Helps B Cells to 
Produce Antibodies



















• Retrovirus = Enters T Cells and Replicates
• ELISA (Enzyme Linked Immuno Sorbent 

Assay) Test
• Western Blot Test
• Zidovudine (ZDV) a.k.a Azidothymidine (AZT)

• Antiretroviral Medication used for 
Prevention and Treatment

AIDS is caused by the Human Immuno deficiency Virus (HIV), a member of a group of 
viruses called retrovirus, which have an envelope enclosing the RNA genome



Plasmodium enters the human body 
as sporozoites (infectious form) 

through the bite of infected female 
Anopheles mosquito

1. From mother to unborn child
2. Through blood transfusions
3. By sharing needles used to inject 

drugs

• China declared Malaria Free by 
WHO, 1st in Western Pacific



Swine Flu

• Swine Influenza (swine flu) is a respiratory disease of pigs caused by 
type A influenza virus

• Swine flu viruses do not usually infect humans but was declared 
Pandemic in 2009 due to mass deaths

• Pigs can be infected by avian influenza and human influenza viruses as 
well as swine influenza viruses



African Swine Flu

• Double-stranded DNA virus

• The virus causes a hemorrhagic fever with high mortality rates in 
domestic pigs

• The virus does not affect people and there is no impact on human 
health.



Bird Flu

• Avian influenza, known informally as avian flu or bird flu, is a variety 
of influenza caused by viruses adapted to birds.

• The type with the greatest risk is highly pathogenic avian influenza 
(HPAI). The most well known HPAI strain, H5N1



Lumpy Skin Disease

• Infectious disease in cattle caused 
by Capripoxvirus 

• Also known as Neethling virus 
• It is genetically related to the goat 

pox and sheep pox virus family
• Infects cattle and water buffalo 

mainly through vectors such as 
blood-feeding insects

• The disease is NOT zoonotic



Rabies
• Caused by a family of viruses 

called the lyssaviruses and found 
in a range of mammals.

• The virus targets the central 
nervous system and is nearly 
100% fatal to the host animal if 
it succeeds in infecting it.

Vaccines:
• Post-exposure prophylaxis (PEP)
• Pre Exposure Prophylaxis (PrEP)



Tuberculosis
• Tuberculosis (TB) is an infectious 

disease usually caused by 
Mycobacterium tuberculosis (MTB) 
bacteria

• Tuberculosis generally affects the 
lungs, but it can also affect other 
parts of the body

• Most infections show no symptoms, 
in which case it is known as latent 
tuberculosis- can be detected by 
blood test



Tuberculosis

• Vaccine: Bacillus Calmette-Guérin 
(BCG) vaccine 

• Treatment requires the use of 
multiple antibiotics over a long 
period of time

• Antibiotic resistance is a growing 
problem with increasing rates of 
multiple drug-resistant 
tuberculosis (MDR-TB)





National Tuberculosis 
Elimination Programme 

(NTEP)









Corona Virus



ACE 2 Receptor

Spike S Protein





XE Recombinant

• XE is a recombinant variant that has characteristics of both the BA.1 
and BA.2 strains of the Omicron variant.

• Recombinant viruses arise when two or more strains swap some of 
their genetic material. A new hybrid virus is born, which typically 
contains some characteristics of each of the strains

• Three new recombinant lineages of SARS-CoV-2 have been recently 
designated by the PANGO network and are being monitored — XD, 
XE, and XF

• PANGO Network -  Global Consortium of Researchers – Provides a 
system for naming different lineages of SARS-CoV-2



Cancer
• Normal cells show a property called contact inhibition by 

virtue of which contact with other cells inhibits their 
uncontrolled growth

• Cancer cells appears to have lost this property

• Tumors- Benign and Malignant







Autoimmune Disorders

• Autoimmune disorders 
are those diseases that 
occur as a result of the 
body’s immune system 
attacking different cells, 

tissues, organs or the 
entire body





Diabetes

Body 
attacks Cells 
in Pancreas



Allergy

• Number of conditions caused by hypersensitivity of the immune 
system to typically harmless substances in the environment

• The underlying mechanism involves immunoglobulin E antibodies 
(IgE), that release inflammatory chemicals such as histamine





Down’s Syndrome

• Condition in which a person has an 
extra chromosome

• Babies with Down syndrome have an 
extra copy of chromosome

• Medical Term = Trisomy 21 (Common)

• Dictates how Baby’s Body and Brain 
Develop

• Mildly to Moderately Low IQ 

• Slow Speaker



Klinefelter syndrome

• Common genetic condition in 
which people assigned male at 
birth (AMAB) have an additional X 
chromosome

• Symptoms may include breast 
growth, infertility, osteoporosis 
and learning difficulties

• Treatments usually involve 
physical and emotional therapy, as 
well as hormone replacement



Turner Syndrome

• Condition that affects only 
females, results when one of 
the X chromosomes missing 
or partially missing

• Cause a variety of medical 
and developmental problems

• Short height, failure of the 
ovaries to develop and heart 
defects(sex chromosomes)



Erythroblastosis Fetalis

• Rare pregnancy complication that occurs when a pregnant 
person's immune system attacks the fetus’s RBC

• Happens when mother has Rh-negative blood and the fetus 
has Rh-positive blood

• Could cause dangerously low levels of RBC (anemia) in the 
fetus

• may also develop jaundice (usually within 24 hours of birth)

• newborn may show signs of a potentially life-threatening 
condition called hydrops fetalis





Haemophilia

• Inherited bleeding disorder in which 
the blood does not clot properly

• Can lead to spontaneous bleeding as 
well as bleeding following injuries or 
surgery

• Major Concern is Internal Bleeding

• May lead to Organ & Tissue Damage 





Colour Blindness

• Condition where one is unable to see 
colours in normal way

• Cannot Distinguish between certain 
colours – RGB

• Rods = Detects Only Light and Dark

• Cones = Detects Colours 
(Concentrated near centre)

• Happens when one or more colour 
cones cells are Absent or Not 
Working or Malfunctioning



Criss Cross Inheritance 

• Type of inheritance in which the 
genes are passed on from father 
to daughter and then to her son

• That is from male to female and 
from female to male (grandson)

• Transmission is from the 
grandfather to his grandson 
through his daughter

• Eg. Colour Blindness and 
Haemophilia



Thalassemia

• Thalassemia is an inherited blood 
disorder caused when the body 
doesn’t make enough of a protein 
called hemoglobin

• Not enough Oxygen delivered = 
Cause Tiredness & Breathlessness

• Mild or Severe Anaemia

• May cause Organ Failure & even 
death

• Treatment include blood 
transfusions, iron chelation, and 
folic acid.



Sickle Cell Anaemia

Mutation





Mitochondrial Inheritance

• Mitochondria are the ‘batteries’ in each cell which provide their 
energy

• Mitochondria have their own DNA (mtDNA) which encodes 13 of the 
many proteins used within them

• Unlike nuclear genes, which are inherited from both parents, 
mitochondrial genes are inherited only from the mother.

• If there is a mutation in a mitochondrial gene, it is passed from a 
mother to all of her children; sons will not pass it on, but daughters 
will pass it on to all of their children, and so on

• 3 Major Types of Mitochondrial Replacement Therapy

















Plant Diseases

• Plant diseases are diseases in plants caused by pathogens and 
environmental conditions

• Organisms that cause infectious disease include fungi, oomycetes, 
bacteria, viruses, viroid, virus-like organisms, phytoplasmas, protozoa, 
nematodes and parasitic plants

• Not included are ectoparasites like insects, mites, vertebrates, or 
other pests that affect plant health by eating plant tissues and 
causing injury that may admit plant pathogens

• The study of plant disease is called plant pathology



Wheat Diseases

Rust –Puccinia (Fungi)

Smut –Tilletia (Fungi)Loose Smut –Ustaligo nuda (Fungi)

Powdery mildew –Blumeria graminis (Fungi)



Rice Diseases

Brown Spot – Bipolaris 
oryzae  (Fungi)

False smut – Ustilaginoidea virens (Fungi) Tungro– Rice tungro spherical virus (RTSV)



Maize – Banded Lead and 
sheath blight – Rhizoctonia 
solani (Fungus)

Bajra – Ergot – Claviceps 
fusiformis (Fungi)

Tobacco – Mosaic Virus– (TMV)



Potato – Late Blight – 
Phytopthora infestons (Fungi)

Potato – Early Blight – Alternaria solani (Fungi) Tea – Blister Blight – 
Exobasidium vexans (Fungi)



Coffee Rust – Hemileila vastatrix Banana – Panama Disease – 
Fusarium oxysporum

Banana – Bunchy Top – Banana 
Bunchy Top Virus (BBTV)



Mango – Bunchy top - Fusarium Mango – Black tip – SO2, CO, Ethylene Mango – Spongy Tissue – Internal 
physiological disorder



Apple – Scab – Venturia inaequalis Sugarcane – Red rot – Colletotrichum 
falcatum

Sandalwood – Spike disease – 
Phytoplasma



• Rice - Brown Spot – Bengal Famine of 1943
• 8 to 38 Lakh Death 
• Due to Starvation, Malaria and other diseases 
• Aggravated by Malnutrition, Population Displacement, 

Unsanitary Condition and lack of health Care

Bengal Famine of 1943



Great Famine of Ireland 1845-52

• Irish people was dependent on potato

• Potato was infected by disease destroying the crop

• Caused due to Phytopthora infestans

• Almost 10 Lakhs people died of starvation or disease due to 
malnutrition

• More than 20 Lakhs people fled the country

• Population of Ireland fell by 20-25%

• Food were imported from UK and USA
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Bile = Bilirubin (Yellow) + Biliverdin 
(Green) = Brown Faeces Colour

Pancreas = Trypsin (Protein) + 
Amylase (Carb) + Lipase (Lipid)



Indian Teeth Formula = 2,1,2,3
Incisor, Canine, Premolar and Molar









Epiglottis: A flap over the top of 
windpipe prevents food from 
entering Larynx (Voice Box)



In Mitochondria

In ATP Form 
(Adinosine 





Body Fluids

• Lymph: Colourless Fluid containing specialised lymphocytes 
responsible for immune response

• Erythrocytes or RBC – Most Abundant in Blood
• Formed in Bone Marrow
• Devoid of Nucleus (Most mammals) and Biconcave
• Average Life Span 120 Days – Destroyed in Spleen (Graveyard of RBCs)

• Leucocytes – WBC
• Thrombocytes – Platelets – releases variety of substances which helps 

coagulation or clotting of blood (trauma stimulates to release 
Fibrinogen and Thrombin – which helps coagulation)





Bicuspid



Facts about Heart

• Systolic Pressure = Pressure of Blood during Ventricular Systole 
(Contraction) = 120 mm Hg

• Diastolic Pressure = Pressure of Blood during Ventricular Diastole 
(Relaxation) = 80 mm Hg

• ECG = Electrocardiograph = Represents Cardiac Cycle





Closure of Semilunar Valves)



Excretion

• Ammonia, Urea and Uric Acid – Major Forms of Nitrogenous Wastes
• Ammonia – Most toxic form (needs large amount of water)

• Fishes excrete through diffusion process using Gills (Readily Soluble)

• Uric Acid (Least Toxic) – Removed by minimum water loss
• Mammals, Amphibians and Fishes mainly excrete Urea
• Reptiles, birds, snails and insects = Excrete nitrogenous waste as Uric 

Acid in Pallet or Paste form with Minimum water loss



EarthwormsFlatworms









• Excessive Fluid Loss > Informs Hypothalamus in Brain > Activates 
Antidiuretic Hormone

• Glomerular Filtration Rate:  125 ml/min
• Kidney releases Renin (Protease Protein and Enzyme) = Mediates 

Volume of Extracellular Fluid (Blood plasma, Lymph and interstitial 
fluid) and Arterial Vasoconstriction = Regulates Body’s mean Arterial 
Blood Pressure

• Haemodialysis = Urea removal process when kidney malfunctions 
leading to accumulation of urea in blood, a condition called UREMIA

• Renal Calculi = Stones or Insoluble mass of crystallised SALTS (oxalates 
etc.)



Locomotion and Movement

• Muscle = Myofilaments or Myofibrils (Parallelly arranged filaments)
• Has alternate Dark and Light Bands
• Light Band = Isotropic (I) Band
• Dark Band = Anisotropic Band = Contains Myosin
• Calcium Ion = Essential for muscle movement

• 206 Bones (Adult)
• Ear = 3 Tiny Bones = Malleus, Incus and Stapes = Ear Ossicles (collectively)
• Femur = Longest Bone
• Synovial Joints = Fluid filled synovial cavity between 2 bones
• Arthritis = Inflammation of Joints
• Osteoporosis = Age Related Bone disorder = Decreased Bone Mass = Fracture
• Gout = Inflammation of Joints due to accumulation of Uric Acid Crystals





: Cerebrum and Cerebellum





Fight or Flight Rest and Digest







Enveloped in Schwann Cells
Gaps b/w are called nodes of Ranvier



• Synaptic Knob contains chemicals 
called Neurotransmitter 
(acetylcholine)

• Sodium and Potassium Ions are 
important for nerve impulse

• Nose: Olfactory Receptors
• Tongue: Gustatory Receptors







Parkinson’s Disease
• Neurodegenerative Disorder that affects the nervous system, primarily 

the parts controlling movement
• Damages nerve cells in an area of the brain called the substantia nigra

• These cells produce Dopamine – Vital Chemical Messenger that helps control 
movement

• Low Dopamine Level = Impaired Brain Signals to Muscle

• Symptoms:
•Tremors, typically starting in one hand 
•Stiffness or rigidity of muscles 
•Slowed movement (bradykinesia) 
•Difficulty with balance and coordination 

•Other Symptoms:
•Fatigue 
•Sleep problems 
•Mood changes, including anxiety or depression 
•Cognitive problems, like thinking or memory loss 
•Speech problems 
•Pain 
•Bladder problems 























Plants
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Cell Shrink

Cell Swell



Imbibition
• Process where a solid material absorbs a liquid, causing the solid to 

swell in size due to Adhesion and Capillary Action
• Specific type of diffusion and is especially important for things like 

seeds and plant life
• Liquid Absorption: The key aspect is the absorption of liquid, typically 

water, by a solid substance
• Examples: Common examples include: 

•Seed Germination: Dry seeds imbibe water, which plumps them up 
and initiates the germination process.
•Wooden Objects: Wood can swell and warp due to imbibition of 
moisture from the environment.
•Foodstuffs: Rice and beans increase in size when cooked due to 
imbibition of water.





Diffusion 
• Movement of molecules from a region of high concentration to a region of 

low concentration
• Concentration Gradient: Molecules move from the crowded (high 

concentration) area to the less crowded (low concentration) area
• Examples

• Perfume Scent
• Food Colouring
• Cell Respiration

• Two Types:
• Simple Diffusion: Inherent Random Motion of Particles
• Facilitated Diffusion: Requires Assistance of Protein Channels or Carriers within 

membranes to pass through. Important to Transport large or charged molecules 
across cell membranes 





Osmosis

• Specific type of diffusion that involves the movement of water across 
a semi-permeable membrane to equalize concentration

• Solvent Movement: Stops solutes from migration, but allows water.
• Concentration Gradient: Low to High Solute Concentration
• Semi Permeable Membrane: Allows only water molecules
• Examples: Raisins Rehydration and Dialysis
• Functions:

• Cell Function: Water balance within cells
• Plant Cell: Turgor Pressure helps maintain plant's structure & rigidity



Diffusion Osmosis Imbibition
Movement of Ions 

Molecules of Solid, Liquid or 
Gas from High to Low 

Concentration

Absorption of Water by 
General Surface

Movement of only water or 
solvent from High to Low 

Concentration Area

Occurs in all states of matter Happens only in Liquid State Happens in Liquid State

Irreversible Irreversible Reversible

No need of Semi Permeable 
Membrane

Requires Semi Permeable 
Membrane

Absorbent is involved but 
there is no membrane

Takes place in Solid, Liquid 
and Gases

Takes place only for the 
Solvent part of Solution

Takes place in both living 
and dead cells



• Tendency of dissimilar materials to cling to one another at their 
surfaces

• Why?
• Van der Waals Forces
• Hydrogen Bonding
• Ionic Bonding
• Mechanical Interlocking

• Examples: Glue & Tape, Gecko Feet, Water on a Lead
• 3 Types: Mechanical, Chemical and Physical
• Applications: Manufacturing, Biomedical Use, Coatings and Paints



Cohesion

• Tendency of like particles or molecules to stick together
• Intermolecular Forces: Cohesion is driven by attractive forces 

between similar molecules
• Van Der Waals Forces
• Hydrogen Bonding

• Examples: 
• Water Droplet
• Surface Tension
• Strength of Solids
• Capillary Action in Plants











Hydroponics



Chlorosis
• Loss of Chlorophyll leading to Yellowing of Leaves
• Due to deficiency of Nutrients like Nitrogen, Potassium, 

Magnesium, Sulphur, Iron, Manganese, Zinc & Molybdenum



Necrosis

• Death of Tissue due to Nutrient Deficiency
• Calcium, Magnesium, Copper, Potassium
• Lack of low level of Nitrogen, Potassium, Sulphur, Molybdenum



Nitrogen Fixing Bacteria 

Azotobacter & Beijerinckia (Aerobic)

Rhodospirillum (Anaerobic)

Rhizobium
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Semiconductors



Introduction

• Conductivity between Metal and Insulator

• Conducts electricity under certain conditions

• At 0 K = Insulator, With Increasing Temperature = 
Conductor

• Enables conduction in Controlled Manner

• Eg. Gallium, Arsenide, Germanium and Silicon

• Works on Valence Band Theory



Valence Band Theory



Intrinsic Semiconductors

• Single Element Only

• Germanium or Silicon

• Increased Temperature = 
More Collisions = Electrons 
becomes free



Extrinsic Semiconductors

N Type:
• Doped using Pentavalent 

Impurity
• Phosphorus (P), Arsenic 

(As), Antimony (Sb), 
Bismuth (Bi)

P Type
• Doped with Trivalent 

Impurity
• Boron (B), Aluminium, 

Indium (In), Gallium (Ga)



Applications

• Electronic Devices

• Transistors, MOSFETs, 
Diodes, Photosensors, 
Microcontrollers, IC

• Transistors and MOSFETs = 
used as Switch

• Space, Automobiles, 
Mobile Phones, LEDs, 
Solar Panel etc.



LED – Light Emitting Diode

• Heavily doped p-n junctions
• Current Flows in forward 

direction only = forward bias
• LED Colour depends on Material 

used and Spectral Wavelength 
emitted = Electroluminescence

• UJALA Scheme – 40% Discount
• Blue LED – Shuji Nakamura, 

Japan



Moore’s Law

Number of Transistors in an integrated 
circuit doubles about every two years



Integrated Device Manufacturer (IDM)

• Is a Semiconductor Company = Design + Manufacture + Sell

• Fabless Manufacturing = Outsource Production, Concentrate on 
R&D and Designing Eg. TSMC manufactures Chips for many 
companies like MediaTek, AMD, Qualcomm, Broadcom, Sony, 
and Marvell

• Pure Play Foundries: Operates semiconductor fabrication plants 
focused on producing ICs for other companies Eg. TSMC

• OSAT – Outsourced Semiconductor Assembly and Test = 
Assembly, Testing and Packaging







Programme for Development of Semiconductors 
and Display Manufacturing Ecosystem

1. Scheme for Setting up Semiconductor 
FABs

2. Scheme for Setting up Display FABs

3. Scheme for Setting up Compound 
Semiconductors/Silicon 
Photonics/Sensors

4. Design Linked Incentive Scheme DLI

5. Infrastructure Development



Nanotechnology



History of Nanotech
• 1959 – Richard Feynman = Father of Nanotechnology

• 1974 – Norio Taniguchi = 1st used the term Nanotechnology

• 1991 – Discovery of Carbon Nanotubes

• 1996 – Nobel Prize for Discovery of Fullerenes

• 0.1 and 100 nanometres (nm) in size – with 1 nm being equivalent to 
one billionth of a metre (10-9 m)



Why Nanotech?

• Conventional Technology Limitations:
• Larger Size
• Problem in Maintenance
• Formation of by product
• Not 100% efficient and environmental problems

Advantages of Nanotechnology:
• EMF Electromagnetic Force Dominant
• Quantum Mechanics is observed
• Increased Surface Area = Change in Physical and Chemical 

Properties
• Eg. Zinc becomes transparent and Gold becomes Red at Nano level



Applications of Nanotechnology







Graphene

• One-atom-thick sheet of 
carbon atoms

• Honeycomb-like pattern
• World’s thinnest, strongest 

and most conductive 
material - both electricity 
and heat

• Harder than Diamond and 
300x Stronger than Steel





Carbon Nanotubes
• Rolled-up sheets of single-layer carbon atoms (graphene)

• Can be single-walled (SWCNT) with a diameter of less than 1 
nanometer (nm) or multi-walled (MWCNT) with diameter more than 
100 nm

• Properties – High surface to volume ratios, enhanced conductivity 
and strength, biocompatibility, etc.

• Applications – Rechargeable batteries, flexible electronics, aerospace, 
energy research, biomedical fields, stain resistant textiles, air and 
water filters, thermal materials and optoelectronics

• Synthesis of CNTs by – Plasma Enhanced Chemical Vapour 
Deposition (PECVD) technology



Consider the following statements:

1. Other than those made by humans, nanoparticles do not exist in 
nature.

2. Nanoparticles of some metallic oxides are used in the 
manufacture of some cosmetics.

3. Nanoparticles of same commercial products which enter the 
environment are unsafe for humans.

Which of the statements given above is/are correct? (UPSC 2014)

(a) 1 only
(b) 3 only
(c) 1 and 2
(d) 2 and 3



Ans: (d) 2 and 3

A nanoparticle is a small particle that ranges between 1 to 100 
nanometers in size. They could be generated by natural processes or 
could be made artificially and released into the environment.



Fullerene

• Discovered in 1985, cage like structure with even Carbon atoms

• Infinite number of Fullerene can exist like C60, C70, C80, and C90

• Structure of fullerenes can change under different pressures

• Fullerenes are stable, but not totally unreactive.

• In chemical reactions, fullerene can act as an electrophile.

• 2 Types = Closed Buckyballs and the Open-ended Cylindrical Carbon 
Nanotubes



• It acts as an electron-accepting group and is characterized as an 
oxidizing agent

• Fullerenes when doped or crystallized with alkali or alkaline earth 
metals showcases superconductivity properties

• Fullerene is ferromagnetic

• Some fullerenes are inherently chiral (non-superimposable)

• It is soluble in organic solvents such as toluene, chlorobenzene, and 
1,2,3-trichloropropane



Model of the C60 Buckminster Fullerene









Golden Sandwich

• Harvest 85% Visible Light

• 11x More Efficient than Solar 
Panels

• Gold Film works as mirror and 
traps light in cavity

• Enhance light absorption



Nano Mission

• Umbrella Programme – For capacity building & overall development.

• Aim & Objective: Create Basic Infrastructure for R&D
• Research Promotion

• Infrastructure Development

• Human Resource Development

• International Collaboration

• 2001-2006 – Nanoscience & Technology Initiative (NSTI) by Dept. of 
S&T (DoST)

• 2007 – Nanoscience & Technology Mission (NSTM) = Nano Mission



• Achievements
• 23000+ Research papers published = 3rd in World (1st China, 2nd USA)

• Concerns
• Funding Crunch

• Career Prospects Limited

• Private Sector Contribution is Minimal





Energy



Energy: Introduction

• Energy is the capacity for doing work. It may exist in potential, kinetic, 
thermal, electrical, chemical, nuclear, or other forms

• Conventional : Generally Non-Renewable Sources
• Coal, Petroleum, Natural Gas, Electricity etc.

• Non-Conventional: Renewable Sources
• Renewed through Natural Process continuously

• Inexhaustible, Non-Polluting, Generating at Constant Rate

• Eg. Wind, Solar, Tidal, Geothermal, Biomass etc.







International Energy Agency (IEA)

1. Established in 1974 after 1973 Oil Crisis
2. HQ – Paris
3. Intergovernmental Autonomous Organisation
4. Provides Information related to International Oil Market and takes 

action against oil disruption.
5. Publishes WORLD ENERGY OUTLOOK REPORT
6. India – Associate Member since 2017
7. Policy Adviser 30 Member & Non-Member countries including 

China, India and Russia



Solar Energy

• PM Modi’s vision of making India a solar 
energy hub = Saffron Revolution

• Solar energy is harnessed by:
1. Photosynthesis
2. Photovoltaic Electricity
3. Solar Thermal Electricity















Polymethylmethacrylate 
(PMMA) doped with 

luminescent elements – 
organic dyes, quantum 

dots or RER



With reference to technologies for solar power production, consider the 
following statements:       (2014)

1. 'Photovoltaics' is a technology that generates electricity by direct conversion 
of light into electricity, while 'Solar Thermal' is a technology that utilizes the 
Sun's rays to generate heat which is further used in electricity generation 
process

2. Photovoltaics generates Alternating Current (AC), while Solar Thermal 
generates Direct ' Current (DC).

3. India has manufacturing base for Solar Thermal technology, but not for 
Photovoltaics,

Which of the statements given above is/are correct?

A. 1 only

B. 2 and 3 only

C. 1, 2 and 3

D. None



ANS: (A) = 1 only

• The first statement is correct. Photovoltaics is a system that converts 
light directly into electricity using materials which exhibit the 
photovoltaic effect. Solar thermal technology, on the other hand, 
harnesses heat from the sun`s rays, which can then be used to produce 
electricity in a conventional steam turbine.

• The second statement is incorrect. Photovoltaics actually generate 
Direct Current (DC), not Alternating Current (AC). The DC electricity 
generated by photovoltaic cells must be converted to AC for use with 
commercial appliances or for feeding into the grid. On the other hand, 
solar thermal produces AC through a standard generation process.

• The third statement is also incorrect. India does indeed have 
manufacturing for both solar thermal technology and photovoltaics. In 
fact, India is a global leader in the production of photovoltaic cells.

• Therefore, only statement 1 is correct making Option 1 the best choice



National Solar Mission

• Jawaharlal Nehru National Solar 
Mission – Jan, 2010

• Ministry – MNRE, Ministry of New 
and Renewable Energy

• 20 Million KM2 – Solar Thermal 
Collector Area by 2022

• 20 Million Solar Lighting System – 
Rural by 2022

• Rs. 15000 Cr+ Subsidy

• National Clean Energy Fund – Clean 
Energy Cess = Per Tonne of Coal sold

• Polluters Pay Principle



3 Phases NSM

• Phase I (2010 – 2013):
• Target for grid-connected PV (including rooftop) target: 1 000 MW
• Target for off-grid solar PV applications: 200 MW

• Phase II (2014 – 2017):
• Grid-connected solar PV Target (including rooftop): 4 000 – 10 000 

MW
• Off-grid solar PV: 1 000 MW
• Solar Parks and Ultra Mega Solar Power Projects to target 40 GW

• Phase III (2017 – 2022):
• Grid-connected solar PV Target(including rooftop): 100 000 MW
• Off-grid solar PV : 2 000 MW



SARAL Index

• State Solar Rooftop Attractive Index

• Ranking States on Performance

• Designed by MNRE, ASSOCHAM, SSEF & Ernst & Young



Digital Technology



3D Printing
• Also known as Additive Manufacturing (AM)

• Successive Layering of Materials

• Plastics, Composite or Bio-Materials

• Design Flexibility + Reduced Waste + Complex Geometries

• Various Types:
• Inkjet
• Fused Deposition Modelling
• Stereolithography
• Selective Laser Sintering
• Electron Beam Melting
• Laminate Object Manufacturing
• Digital Light Processing



• Fused Deposition Modelling (FDM)
• Filament Freeform Fabrication (FFF)
• Fused Filament Fabrication (FFF)

Uses Continuous Filament – Thermoplastic Material







4D Printing
• Additive Manufacturing Process

• Changes shape with time, temperature, humidity, light & 
pressure

• Dynamic Structure
• Adjustable Shape, Properties and Functionality
• Self Assembly, Self Repair, Multi Functionality

• Material Used:
• Hydrogel
• Resins
• Active Polymers
• Live Tissues etc.







NFC (Near Field Communication)
• Technology that allows two devices — like your phone and a 

payments terminal — to talk to each other when they’re close 
together

• Both devices must contain NFC chips, as transactions take place 
within a very short distance

• transmits data through electromagnetic radio fields, to enable 
communication between two devices

• either physically touching or within a few centimeters from each 
other

• difficult for attackers to record the communication between the 
devices compared to other wireless technologies





RFID (Radio Frequency ID)

• Uses radio waves to automatically identify various tagged objects

• Wireless tracking method that uses tags and readers to track objects

• Low Frequency, High Frequency, and Ultra-High Frequency bands are 
used by RFID systems

• Complicated and difficult to replicate or counterfeit







Radar Speed Gun



Radar Speed Gun

• Used to measure speed of 
moving objects

• Law Enforcement Use + Sports

• Doppler Effect



LiDAR

• Light pulses—combined with other data recorded by the airborne 
system — generate precise, three-dimensional information about the 
shape of the Earth

• Three primary components of a LiDAR instrument — the scanner, 
laser and GPS receiver

• Two types of lidar:
• Topographic lidar: It typically uses a near-infrared laser to map the land.

• Bathymetric lidar: It uses water-penetrating green light to also measure 
seafloor and riverbed elevations.





How LiDAR Works?
• A LiDAR system measures the time it takes for 

emitted light to travel to the ground and 
back.

• That time is used to calculate the distance 
travelled.

• Distance travelled is then converted to 
elevation

• Applications:
• High Resolution Maps
• Surveying
• Geology
• Forestry etc.

• LASER = Light Amplification by Simulated 
Emission of Radiation





Aadhar

• 12 Digit Unique Identity Number issued by UIDAI

• Proof of Identity linked to Biometric and Demographic Information

• Launched in 2009 

• Features:
• Virtual ID – 16 Digit Random Number mapped to Aadhar

• Masked Aadhar – Only last 4 Digits visible

• OTP Based Authentication

• Tokenisation of Aadhar – Unique for each agency



Aadhar

• Significance:
• Facilitating the delivery of 

government services and benefits

• Reducing fraud and leakage in 
government welfare programs

• Facilitating financial inclusion

• Making it easier to verify the 
identity of an individual

• KYC verification

• Limitations & Concerns
• Biometric authentication
• Unreliable demographic details
• Security risks
• Can't Confirm 'Residents'
• Private entity's use
• Exclusions from social benefits
• Privacy
• Issue with Aadhaar metadata
• Lack of Informed Consent
• No Option to Exit



UPI

• Real Time Payment System – NPCI
• Launched on April, 2016
• Enable Peer to Peer Inter Bank 

Transfers
• 2 Factor Authentication Process
• Benefits:

• No A/C Number required
• Mobile Number
• QR Code
• Virtual Payment Address
• No Bank details required
• Cross Operability

• Benefits:
• No Transaction Costs
• Push and Pull Transactions
• Bharat Bill Payment Service
• Uses IMPS and AEPS
• Works with Peer to Peer 

Requests



Blockchain Technology

• Decentralised Digital Ledger System

• Allows Parties to securely and transparently record and store 
information

• Removes intermediaries like Banks or Financial Institutions

• Uses cryptographic algorithms

• Secure and Tamper proof ledger

• Verified and Recorded by Network of Participants

• Any change in Ledger – Must be Approved by Network Participants

• Associated with Crytocurrencies Eg. Bitcoin, WazirX etc.



Blockchain Technology

•5 Key Features:
• Decentralisation
• Immutability
• Transparency
• Security
• Smart Contracts
• Cost Reduction

Future:
• Increased Adoption
• Interoperability
• Scalability
• Security
• Integration with other 

Technologies



Over the Top (OTT) Platforms

• Audio & Video Hosting and Streaming Services

• Uses AI to Suggest Content to Users

• Offers some free content and rest charged

• Monthly Subscription Fee for Premium

• Premium Content = Produced and Marketed by OTT

• Examples: Netflix, Amazon Prime, Disney Hot star, Jio Cinema etc.

• Regulated by IT Rules, 2021

• Soft Touch Self Regulatory Architecture with 3 Tier Grievance 
Redressal Mechanism









Web 4.0

• Web 4 is still an underground idea in progress and there is no exact 
definition of how it would be

• Web 4 is also known as symbiotic web of human and machines

• It will be possible to build more powerful interfaces such as mind 
controlled interfaces





Web 5

• Emotional Interaction – 
Human and Computers

• Based on Neurotechnology



NFT (Non Fungible Token)

• Non interchangeable unit of data stored on a blockchain, a form of 
digital ledger, that can be sold and traded

• No standard value and cannot be exchanged into smaller equal values

• Digital certificates provided

• Types of NFT data units may be associated with digital files such as 
photos, videos, audio digital painting and tweets as well









Virtual Private Network

• A Virtual Private Network is an encrypted network created 
over a public network(usually the internet) for a remote user 
(usually a company)

• Used for safe transmission of data

• It prevents unauthorized people from eavesdropping on the 
traffic and allows the user to conduct work remotely

• VPN technology is widely used in corporate environments





Public Key Infrastructure

• A set of roles, policies, hardware, software and procedures needed to 
create, manage, distribute, use, store and revoke digital certificates 
and manage public key encryption



Application Programming Interface













IT Rules, 2021









Computer Emergency Response Team







In India, the term “Public Key Infrastructure” is used in the context of 
          2020

A. Digital security infrastructure

B. Food security infrastructure

C. Health care and education infrastructure

D. Telecommunication and transportation infrastructure



• Ans: A



With reference to Web 3 0 consider the following statements:
1. Web 3 0 technology enables people to control their own data

2. In Web 3 0 world, there can be blockchain based social networks

3. Web 3 0 is operated by users collectively rather than a 
corporation

 Which of the statements given above are correct?

A. 1 and 2 only 

B. 2 and 3 only

C. 1 and 3 only 

D. 1 2 and 3



• Ans: C



Thank You Future Officers!
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Artificial Intelligence



What is Intelligence?

• Ability or Capacity to Learn from and Adapt to Situations

• Intelligent Behaviour = Mental Capacity to Understand 
Abstract Concepts, learn from both 1st and 2nd hand 
experiences, adapt to different situations and ultimately retain 
and utilise knowledge to manipulate desired outcome



Intelligent Quotient

• Holds true until 18 years of age

• Intellectual Abilities

• Understand Learning Disabilities

• For Hiring Purpose Eg. Military, Administration







Siri, Chat GPT, 
Copilot, Gemini, 

Alexa





Introduced in 1942 
short story “Runaround”





Saudi Arabian Citizen, 2017
UNDP – 1st ever Innovation Championship Title





Atlas Robot: BOSTON DYNAMICS
• Humanoid Robot, Bipedal



Nadine – The Empathetic Robot by NTU, Singapore
Creator – Prof. Nadia Thalmann



Drone

• Unmanned Aerial Vehicles (UAVs) or 
unmanned aircraft systems

• Remotely Controlled using Softwares

• Takes aid of Various Sensors & Electronic 
Modules
• GPS Module
• Transmitters
• Ultrasound Sensors
• Light Sensors
• Gyroscope
• Altimeter
• Accelerometer etc.

Applications:
• Search and Rescue
• Surveillance
• Traffic Monitoring
• Mapping
• Weather Monitoring
• Firefighting
• Photo and Videography
• Agriculture
• Delivery
• Law & Order
• Spying
• Military
• Personal Use etc.













Eg. Market Trend Analysis

Eg. Stock Market Prediction







• Model inspired by the structure and 
function of biological neural 
networks in animal brains

• Consists of connected units or 
nodes called artificial neurons, 
which loosely model the neurons in 
a brain

• Predictive modeling, Adaptive 
control, and Solving problems in 
artificial intelligence



AI as a Service

• Service offered by third-party vendors that allows businesses to 
incorporate AI-powered tools and capabilities into their systems. 

• AIaaS is a low-risk and cost-effective model because businesses can 
deploy AI without investing in resources to build and implement it 
from scratch.











Challenges to be Addressed

2 Tier Structure



• International and Multi-stakeholder initiative

• Guide the responsible development and use of AI

• Based on human rights, inclusion, diversity, innovation, and economic 
growth

• Function: Bridge the gap between theory and practice on AI by 
supporting cutting-edge research and applied activities on AI-related 
priorities

• Origin: Under France and Canada Leadership, G7 Summit, 2019

• HQ: Paris (under OECD)









Virtual Reality     Augmented Reality    Mixed Reality



Metaverse

• The metaverse is a loosely defined term referring to virtual 
worlds in which users represented by avatars interact, usually in 
3D and focused on social and economic connection.

• The term metaverse originated in the 1992 science fiction novel 
Snow Crash as a portmanteau of "meta" and "universe"





Q. With the present state of development, Artificial Intelligence can effectively do 
which of the following?        (2020)

1. Bring down electricity consumption in industrial units
2. Create meaningful short stories and songs
3. Disease diagnosis
4. Text-to-Speech Conversion
5. Wireless transmission of electrical energy

 Select the correct answer using the code given below:

A. 1, 2, 3 and 5 only

B. 1, 3 and 4 only 

C. 2, 4 and 5 only 

D. 1, 2, 3, 4 and 5



• Ans: (b)



Thank You Future Officers!
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Information and Communication Technology



Components of ICT





History of Internet

• 1969 – Developed by Advanced Research Projects Agency (ARPA) of 
the Department of Defense, U.S.A.

• 1970s – Commercialization = For General Public Use

• 1980s – Development of TCP (Transmission Control Protocol)

• 1980s - Development of Ethernet and LAN

• 1993 – Introduction of Web Browser

• Late 1990s – Growth of ISP (Internet Service Providers)

• 2000s onwards – Amalgation of Wireless Internet Technology



Internet Protocol

• Specifies how Information is Packetized, Addressed, 
Transferred, Routed and Received by Networked 
Devices

• IP Address – Unique Identifier of a Electronic Device in 
Digital Space

•BGP – Postal Service Processes of the Internet
• Responsible for Finding Optimum Pathway to end user





Networking

•Allows Various Electronic Devices to Communicate 
with Other Devices Via a Medium

•Medium:
• LAN: Local Area Network
• MAN: Metropolitan Area Network
• WAN: Wide Area Network











Digital Footprint

• Also called, digital shadow or an electronic footprint – refers to the 
trail of data you leave when using the internet

• It includes websites you visit, emails you send, and information you 
submit online

• It is relatively permanent, and once the data is public -- or even 
semipublic, as may be the case with social media -- the owner has 
little control over how it is used by others

• Cookies are fragments of data stored by websites to identify the user 
and their behavior



Allows Customisation of Website to each specific users



Who can use your 
information?

• Data brokers

• Advertisers

• Phone carriers

• Internet providers

• Employers

• Cybercriminals

• Hackers

• Peers

• Co-workers etc.



What does Cookies contain?

➢biometric data

➢geolocation data

➢IP addresses

➢passwords and login information

➢subscriptions

➢health information

➢fitness data

➢phone numbers

➢license plate numbers

➢ social posts
➢ phone calls
➢ email addresses
➢ search history
➢ sensor data
➢ payment details
➢ credit card numbers
➢ downloads
➢ purchase history
➢ images from surveillance devices



Internet of Things (IoT)

• Collective network of connected devices and the technology that 
facilitates communication between devices and the cloud, as well as 
between the devices themselves

• Everyday devices like toothbrushes, vacuums, cars, and machines can 
use sensors to collect data and respond intelligently to users

• These smart objects can automatically transmit data to and from the 
Internet

• All these “invisible computing devices” and the technology associated 
with them are collectively referred to as the Internet of Things.



Examples of IoT

• Connected Car
• Monitoring rental car fleets to increase fuel efficiency and reduce costs.
• Helping parents track the driving behavior of their children.
• Notifying friends and family automatically in case of a car crash.
• Predicting and preventing vehicle maintenance needs.

• Smart Cities
• Measuring air quality and radiation levels.
• Reducing energy bills with smart lighting systems.
• Detecting maintenance needs for critical infrastructures such as streets, 

bridges, and pipelines.
• Increasing profits through efficient parking management



Examples of IoT

• Connected Homes
• Automatically turning off devices not being used.

• Rental property management and maintenance.

• Finding misplaced items like keys or wallets.

• Automating daily tasks like vacuuming, making coffee, etc

• Smart Buildings
• Reducing energy consumption.

• Lowering maintenance costs.

• Utilizing work spaces more efficiently.





Wireless Fidelity 

• It uses radio waves to transmit data from your wireless router to your 
Wi-Fi enabled devices like your TV, smartphone, tablet and computer

• Wi-Fi is user friendly name of IEEE 802.11 Technology

• Vulnerable to Hackers as it uses Air Waves to transmit Data

• Uses generally 2.4GHz, 5 GHz and sometimes 6 GHz of EM Spectrum

• Line of Sight Use = common obstructions, such as walls, pillars, home 
appliances, etc., may greatly reduce range

• 20 meter to 150 meter max range



• Short Range Wireless Technology

• Upto 10 Meters due to low transmission power

• UHF Radio Waves = 2.4 GHz to 2.48 GHz

• Managed by Bluetooth Special Interest Group = 35000 Companies

• Technology = IEEE 802.15.1

• Replaces standard wire communications

• Current Version = Bluetooth 5.4 = Launched in 2023



Visible Light Communication

• Use of Visible Light of 400-800 THz Frequency

• 780-375 nm Wavelength

• Uses Fluorescent Lamps or LED Lamps

• 10 kbit to 500 Mbit/s

• 1-2 KM maximum range

• Photodiode receives signals

• Incapacity to surpass physical opaque barriers

• Lighting + Data Transmission







Light Fidelity Technology

• Utilises Light to Transmit Data and Position between devices

• Visible Light, UV and IR

• Presently only LED Lamps

• Similar to Wi-Fi

• Bidirectional unlike VLC

• 100X Faster than Wi-Fi

• Speed Up to 224 GB/s

• Green Technology











• Set up under TRAI Act, 1997
• Statutory Body – Regulates Telecommunications Sector
• Regulates Telecom Services

• Fixation/Revision of Tariffs
• Interconnections
• Quality of Service
• DTH Service
• Mobile Number Portability (MNP)

• Telecom Disputes Settlement Appellate Tribunal (TDSAT)

Telecom Regulatory Authority of India



VoIP (Voice Over Internet Protocol)

• Making Calls over Internet Connection

• Audio is converted into Digital Packets – using Codecs

• Eg. Skype, WhatsApp, Viber, Google Hangouts, Facebook Messenger





Radio over IP (roIP)

• Technology for transmitting radio 
communication signals using the 
Internet Protocol (IP)

• Similar to VoIP – but augments 2 Way 
Radio Communications

• Essentially VoIP with Push to Talk
• Introduced as Marine Communication 

Mode
• Syama Prasad Mukherjee Port, Kolkata
• Provide effective long range Marine 

Communication
• Effective communication means during 

storms and inclement weather







Optical Fibre













Supercomputer

• Extremely powerful computing device that processes data at speeds 
measured in floating-point operations per second (FLOPS)

• Perform complex calculations and simulations, usually in the field of 
research, artificial intelligence, and big data computing

• Generates lots of Heat = Need Active Cooling Solution
• C-DAC = Centre for Development of Advance Computing in 1988

• Development of Indigenous Computers
• National Supercomputing Mission
• 1st Supercomputer = PARAM 8000, IIT BHU, Varanasi, UP

• World’s Fastest = Frontier, Oak Ridge National Laboratory — Tennessee, 
U.S.A. = 1.2 exaFLOPS

• IIT Guwahati = PARAM Kamrupa = 838 TeraFLOPS







Cloud Computing

• On-demand availability of computing resources (such as storage and 
infrastructure), as services over the internet











Quantum Computer











With reference to ‘LiFi’, recently in the news, which of the following 
statements is/are correct?       
 (2016)

           
1. It uses light as the medium for high speed data transmission.
2. It is a wireless technology and is several times faster than ‘WiFi’.

 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



Ans: (c)



What is the difference between Bluetooth and Wi-Fi devices? (2011)

A. Bluetooth uses 2.4 GHz radio frequency band whereas Wi-Fi can use 2.4 
GHz or 5 GHz frequency band

B. Bluetooth is used for Wireless Local Area Networks (WLAN) only, 
whereas Wi-Fi is used for Wireless Wide Area Networks (WWAN) only

C. When information is transmitted between two devices using Bluetooth 
technology, the devices have to be in the line of sight of each other, but 
when Wi-Fi technology is used the devices need not be in the line of 
sight of each other

D. The statements (a) and (b) given above are correct in this context



Ans: (a)



Consider the following: (2010)

1. Bluetooth device
2. Cordless phone
3. Microwave oven
4. Wi-Fi device

Which of the above can operate between 2.4 and 2.5 GHz range of radio 
frequency band?

A. 1 and 2 only

B. 3 and 4 only

C. 1, 2 and 4 only

D. 1, 2, 3 and 4
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Space







Why Space Programme?







ISRO: Premier Space Agency (World’s 6th Largest)
Ministry: DoS (Dept. of Space), headed by PM
HQ : Bengaluru, KA, IND
Founder: Vikram Sarabhai
Established: 15th Aug, 1969
Incumbent: S.P. Somnath

• 1961: Space Research Responsibility to DoAE – Dr. Homi 
J. Bhabha

• 1962: Initiation of Space Activities through Indian 
National Committee for Space Research (INCOSPAR)

• 1962: TERLS Thumba Equatorial Rocket Launching 
Station

• 1969: Institutionalization of ISRO
• 1972: Space Commission > Department of Space > ISRO 

Under DoS





• VSSC: Design & Development 
of Launch Vehicle

• LPSC: Design, Development & 
Realisation of Liquid 
Propulsion Stages

• SDSC: Spaceport of India – 
Launch Base Infrastructure

• ISAC/URRSC: Design, 
Development  & Construction 
of Satellite



• SAC: R&D + Demonstration of 
Applications of Space Tech

• NRSC: Manages Data from Aerial 
& Satellite

• Antrix: Marketing Arm – Promote 
Product, Services and Technology

• NewSpace India Ltd. : Spin Off 
Technologies + Tech Transfer



Orbits







Based on Altitude

• Low Earth Orbit (LEO) : 160-2000 KMs
• ISS, Remote Sensing, Human Spaceflight etc.

• Medium Earth Orbit (MEO)/(ICO) : 2000 – 35786 KMs
• Van Allen Radiation Belts

• GPS, GLONASS, Galileo, BeiDou etc

• High Earth Orbit (HEO) : 35,786 KMs +
• More than 24 Hrs Orbital Period = Less Velocity



Geosynchronous Orbit (GSO)

• GSO: Earth Centred Orbit = Same 
Earth’s Orbital Period
• 35,786 KMs = 23 Hrs 56 Min 4 Sec

• Geo-Stationary Orbit (Spl. Case)

• Geo-Transfer Orbit 

• Communications Satellite

Geostationary

Geosynchronous



Sun Synchronous Orbit

• A.K.A. Helio-Synchronous Orbit
• Almost Polar Earth Orbit
• Passes through same location at 

same local mean/solar time
• Imaging, Reconnaissance, Weather
• Same Amount of Illumination





Halo Orbit



L1, L2, L3 Unstable
L4, L5 Stable



James Webb ST



Jupiter’s Trojan Asteroids



Satellite
• Any object that orbits another 

celestial body (sun, planet, 
moon, etc).

• All planets are satellites of the 
sun; the moon is a satellite of 
the earth

• Consists of:
• Antenna
• Power Source
• Propulsion
• Thermal Control
• Transponder

• Escape Velocity: 11.2 KM/s 
(earth), 618 KM/s (sun)





Spacecraft

• A spacecraft is a vehicle that is 
designed to fly in outer space and 
operate there. 

• Spacecraft are used for a variety of 
purposes, including 
communications, Earth observation, 
meteorology, navigation, space 
colonization, planetary exploration, 
and transportation of humans and 
cargo





Voyager 1 and 2 Flyby









Remote Sensing Satellite Programme

• Sense things about Earth
• Mapping Forest Fires, Dust 

Storms
• Meteorological 

Observation
• Agriculture Coverage
• Water Mapping
• Mineral Mapping
• Environmental Monitoring
• Urbanisation
• Spy Satellites
• Orbit: Polar (mostly)



Examples:
1. Cartosat – Resource 

Management, Défense 
Services and Monitoring

2. RISAT – Radar Imaging 
Reconnaissance Satellite

3. EOS – Earth Observation 
Satellite (formerly RISAT)

4. NISAR – ISRO + NASA
• Uses Synthetic Aperture 

Radar





Communication Satellites

• Uses:
• Geostationary or 

Geosynchronous
• Telecom
• Broadcasting
• Meteorology
• Search & Rescue

• Eg. INSAT and GSAT 
Series









Starlink and OneWeb
New Concept: Using LEO with Satellite 
Constellation

Benefits:
- Low Latency
- Higher Bandwidth
- Better Coverage
- Easy to Replace and Deorbit
- Low Operational Cost
- Economies of Scale
- Almost Failsafe
- Internet Coverage Almost Everywhere



Navigation Satellite

• Provides Geo-Spatial Positioning

• At least 4 needed : Triangulation

• Can be in Constellation

• Altitude Range 20,000 KM to 
37,000 KM

• 4 Global Navigation System: 
GPS, Galileo, GLONASS, BeiDou

• 2 Regional NS : QZSS (Japan) & 
IRNSS (IND)









Satellite Based Augmentation System

• SBAS are geosynchronous satellite systems that provide services for 
improving the accuracy, integrity and availability of basic GNSS 
signals:
• Accuracy is enhanced through the transmission of wide-area corrections for 

GNSS range errors

• Integrity is enhanced by the SBAS network quickly detecting satellite signal 
errors and sending alerts to receivers that they should not track the failed 
satellite

• Signal availability can be improved if the SBAS transmits ranging signals from 
its satellites

• Example: GAGAN









Solid Propellant Rockets

• Nitrocellulose

• Ammonium Nitrate

• Ammonium Perchlorate



Liquid Propellant Rocket

• Liquid Hydrogen

• Kerosene

• Liquid Methane

• Hydrazine



Cryogenic Propellants

• Very Low Temperature

• Liquid Oxygen -183 deg C

• Liquid Hydrogen  -253 deg C

• Semi Cryogenic
• Kerosene (ISROSENE), developed by ISRO
• Required Refined Kerosene
• Lighter than Liquid Fuel
• Can be stored in Normal Temperature
• Oxidizer = Liquid Oxygen



Hypergolic Propellant

• Ignites on Contact with each other

• Fuel + Oxidizer

• Stored as Liquid in RTP

• Easy to Ignite & Reliably & Repeatedly

• Extreme Toxic/Corrosive

• Dinitrogen Tetroxide + (Hydrazine)

• Monomethyl hydrazine (MMH)

• Unsymmetrical Dimethylhydrazine (UDMH)





Hybrid Propellant
• Solid (Fuel) + Liquid (Oxidizer)

• High Performance

• Can be Moderated, Stopped, 
Restarted

• Liquid Fuel = Kerosene, Hydrazine, 
LH2

• Solid Fuel = Polymers (Acrylics, 
Polyethylene)
• Cross linked Rubber = Hydroxyl 

terminated Polybutadiene HTPB

• Liquefying Fuels = Paraffin Wax



VIKram Ambalala Sarabhai



Cryogenics in India

• 1991: Initial USSR Collaboration

• 1993: Russia Cancelled due to India not 
member of MTCR

• 1994: Russia provided 7 Cryogenic Engine

• 1994: India starts CUSP Cryogenic Upper 
Stage Project

• 2000: India develops Indigenous 
Cryogenic Engine

• USA, Russia, France, China, Japan and 
India only countries





Sounding Rockets
• Research Rocket

• Study Upper Atmosphere for 
Space Research

• 40 KM to 160 KM

• Rohini Sounding Rocket (RSR) 
Programme



PSLV:
• Majorly used for EOS (Earth Observation Satellite)
• Major Missions: MOM, IRNSS, Chandrayan 1

SSLV
• Low Cost
• 500kg into 500km LEO/SSO
• Launch on Demand
• Multiple Satellite
• High Market Prospects
• Eg. EOS-07, Janus-1, AzaadiSAT-3





Stage 2: VIKAS Engine

Stage 1

Stage 3

Examples:
• Communications Satellites in GEO
• Indian Human Spaceflight Programme
• OneWeb Satellites
• X (Suborbital Flight Test)
• GSAT-19



Reusable launch vehicle

• 2 Stages – 1st Semi-
Cryogenics & 2nd Cryogenics

• 1st Uncrewed flying testbed 
RLV-TD

• No Space Debris
• Useful in Human Space 

Mission































SAMPLE RETURN CAPSULE





















Artemis II Crew







• NASA + Roscosmos + JAXA + Canada SA + ESA
• 2 Sections : US Orbital Segment + Russia Orbital Segment
• 2031 Retirement
• Resupply Mission = SpaceX & Russia

• Continuous Human Presence
• 6 Crews + Visitors
• 8 KM/s
• 200 Astronauts from 19 Countries
• Launched in 2000
• 350 KMs LEO







Space Diplomacy

• Use of space capabilities for further strategic interests

• China launched satellites for Venezuela, Pakistan and Sri 
Lanka

• India proposing to launch satellites for SAARC Countries

• India Provides SAS (GSAT-9) services to Neighbours like 
Telecom, Television, DTH, Tele-education and Tele-medicine. 

• GSLV-F09 used = Indigenous Cryogenic Powered Upper Stage





•Which one of the following is a reason why astronomical 
distances are measured in light-years?    (2021)

A. Distance among stellar bodies do not change
B. Gravity of stellar bodies does not change
C. Light always travels in straight line
D. Speed of light is always same



(d) Speed of light is always same



Which of the following pairs is/are correctly matched?    (2014)

Spacecraft Purpose
1. Cassini-Huygens : Orbiting the Venus and transmitting data to the earth.

2. Messenger : Mapping and investigating the Mercury

3. Voyager 1 and 2 : Exploring the outer solar system

Select the correct answer using the code given below:

A. 1 only

B. 2 and 3 only

C. 1 and 3 only

D. 1, 2 and 3



• 2 and 3 only



In which of the following activities are Indian Remote Sensing (IRS) 
satellites used?        (2015)

1. Assessment of crop productivity
2. Locating groundwater resources
3. Mineral exploration
4. Telecommunications
5. Traffic studies

Select the correct answer using the code given below:

A. 1, 2 and 3 only

B. 4 and 5 only

C. 1 and 2 only

D. 1, 2, 3, 4 and 5



• 1, 2 and 3 only



With reference to ‘AstroSat’, the astronomical observatory launched by 
India, which of the following statements is/are correct?   (2016)

1. Other than USA and Russia, India is the only country to have launched a 
similar observatory into space.

2. AstroSat is a 2000 kg satellite placed in an orbit at 1650 km above the 
surface of the Earth.

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



• Neither 1 nor 2
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Defense Technology



DRDO

• MoD – Ministry of Defense
• Incumbent: Dr G. Satheesh Reddy
• Design, develop and lead to production state-of-the-art sensors, 

weapon systems, platforms and allied equipment
• Provide technological solutions to the Services to optimize combat 

effectiveness and to promote well-being of the troops
• Develop infrastructure and committed quality manpower and build 

strong indigenous technology base



DRDO Achievements

• Extreme Cold Weather Clothing System (ECWCS)
• ‘Pralay’: India's first conventional quasi-ballistic missile
• Controlled Aerial Delivery System: Precise delivery of payload upto 500 kgs 

at predetermined location using Ram Air Parachute (RAP)
• Pinaka Extended Range (Pinaka-ER) Multiple Launch Rocket System (MLRS)
• Supersonic Missile Assisted Torpedo System (SMART)
• Advanced Chaff Technology
• Akash Air Defense
• BrahMos Missile











Integrated Guided Missile Development 
Programme (IGMDP)



Chief of Defense Staff (CDS)

• Recommended by Kargil Review Committee (1999)
• 2002 - Integrated Defence Staff 
• 2012 - Naresh Chandra Committee – Recommended Appointment of 

Permanent Staff
• 2019 – Post CDS is created

• General Bipin Rawat, 1st CDS
• Lt General Anil Chauhan, Incumbent

• CDS heads Department of Military Affairs (DMA)



CDS – Roles & Responsibilities

• Foster Operational Synergy between 3 Services
• Reduce/Minimise Inter Service Frictions
• Single Point Military Adviser to Defence Minister
• Authority to Prioritise Inter Service Procurement Decision
• Authority to Provide Directives to 3 Chiefs
• First Among Equals – Rank of Secretary with DoD
• Advisory Role in Nuclear Command Authority (NCA)





Missile

• A rocket-propelled weapon
designed to deliver an
explosive warhead with
great accuracy at high speed







Integrated Guided Missile Development 
Programme



Prithvi
• Short Range 
• Surface-to-Surface Missile
• Dhanush – Naval Variant

• Sagarika – Submarine Variant
• Payload = 350-1000 KG
• Range = 150-750 KM



Akash Air Defense



Trishul - Navy

• Range 12 KM
• 5.5 KG Warhead
• Surface to Air
• Low Level (Sea Skimming) Target
• Defend Naval Assets



Agni Missile Development Programme















SLBM – Submarine Launched 
Ballistic Missile
Faster, Lighter and Stealthier than 
Agni
K15 or Sagarika – India’s 1st SLBM = 
750 KM
2 Stage Solid Fuel
Land Variant of K15 = Shaurya 
Missile
Canister Based = Long shelf life
Transportation Easier









Arrow Air Defense

David Sling







AEW&CS

Airborne Early Warning 
and Control System



Surveillance of Ground & Air Targets
Better Range
Less Vulnerable to Counter Attacks
Defensive and Offensive Operation

India:
2003: R&D Began by DRDO
2015: DRDO Delivered 3 AWACs – 
Netra
•  240 Degree Coverage
•  Advanced Indian AESA Radar 

System
•  Brazilian Embraer EMB-145



Muntra (Mission UNmanned TRAcked)

India’s 1st Unmanned Remotely 
Operated Tank
3 Variants:

• Muntra-S: Surveillance
• Muntra-M: Mine Detection
• Muntra-N: Nuclear/Biohazard























HYPERSONIC – Next Generation





RUSSIAN (USSR)

Short Take Off
Arrested Recovery



• INS Vishal – Proposed 3rd AC
• Need for Spare
• At least 2 Operational at any time
• Fund Crunch & Budgetary Constraint
• Maybe Operational by mid-2030s

Demand for 3rd Indigenous Air Craft Carrier

• Extended Maritime Reach
• Deterrence Capability
• Power Projection







Attack Submarines

• Diesel
• Come out 24-48 Hrs to release CO2
• Not suitable for long range
• 15 SSKs

• Diesel + Electric (Project 75)
• Stealth
• INS Kalavari, Khanderi and Kharanj
• INS Vagir and Vagsheer (Under 

Construction)

• AIP(Project 75-I)
• Air Independent Propulsion
• Fuel Cell Based
• Vertical & Tube launched Brahmos







• 15A – Kolkata Class Guided Missile 
Destroyers + Stealth Technology

• 15B – Vishakhapatnam Class



Frigates (P-17A)

Nilgiri Class Frigates
• 1st Ship – Nilgiri
• 2nd – Udaygiri
• 3rd – Taragiri
• 4th - Mahendragiri





Torpedo

• Underwater ranged 
weapon launched above or 
below the water surface, 
self-propelled towards a 
target, and with an 
explosive warhead 
designed to detonate 
either on contact with or 
in proximity to the target











FOBS - Fractional Orbital Bombardment System
Warhead delivery system that 
uses a low Earth orbit towards its 
target destination. Just before 
reaching the target, it deorbits 
through a retrograde engine burn

Why? – Ban on deploying Nuclear 
Weapons in Earth Orbit. USSR & 
China (2021) Bypassed.

SALT-II (1979): Prohibition 
Pursuance & Deployment of FOBS



Outer Space Treaty





Strategic Arms Limitations Talks (SALT)

• 2 Rounds of Bilateral Conferences = USA + USSR
• Froze Number of Strategic Ballistic Missile Launchers
• Sought to Curtail Manufacture of Nuclear Weapons
• 1st Nuclear Arms Treaty



Missile Technology Control Regime MTCR

• Multilateral Export Control Regime
• Members Informal Understanding
• Limit Proliferation of Missile Technology
• India Member In 2016
• Not Legally Binding
• Started in 1987 by G7
• G7 = USA, Canada, UK, France, Germany, Italy, Japan
• China = NOT A MEMBER



MTCR Benefits











White phosphorus is a chemical 
substance, dispersed in artillery shells, 
bombs, and rockets, that ignites when 
exposed to oxygen. The chemical 
reaction creates intense 815-degree 
Celsius heat.

Reports of Israel using White 
Phosphorus in Gaza and Lebanon 

(2024)



Consider the following statements:   (UPSC Prelims 2023)

1. Ballistic missiles are jet-propelled at subsonic speeds throughout their flights, 
while cruise missiles are rocket-powered only in the initial phase of flight.

2. Agni-V is a medium-range supersonic cruise missile, while BrahMos is a solid-
fuelled intercontinental ballistic missile.

Which of the statements given above is/are correct?

A. 1 only
B. 2 only
C. Both 1 and 2
D. Neither 1 nor 2



• Answer: (d)



• With reference to Agni-IV Missile, which of the following statements 
is/are correct?       (UPSC Prelim- 
2014)

1. It is a surface-to-surface missile.
2. It is fueled by liquid propellant only.
3. It can deliver One Tonne nuclear warheads about 7500 km away.

Select the correct answer using the code given below:

(a) 1 only
(b) 2 and 3 only
(c) 1 and 3 only 
(d) 1, 2 and 3



• Ans: (a) 1 Only
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Basics of Chemistry





Hydrogen

• Most Abundant in Universe = 70%

• 0.17% in Earth’s Atmosphere = Due to Lighter in Mass

• 15.4% of Earth’s Crust & Ocean = Combined Form

• 3 Forms = Protium, Deuterium & Tritium (Radioactive)

• Uses:
• Production of Syngas (Coal Gasification)

• Synthesis of Ammonia

• Manufacture of Vanaspati Fats (Dalda)

• Rocket Fuels

• Hydrogen Fuel Cell









H2O

• Colourless and Transparent

• Dipolar in Nature = Universal Solvent

• Earth = All three States Exists = 71% Liquid

• Freezing Point = 0°C = 32°F = 273°K

• Boiling Point = 100°C = 212°F = 373°K

• Higher Thermal Conductivity, Specific Heat, Surface Tension etc.

• Low Electrical Conductivity at Pure State



Extreme Hydrogen Bonding 
leads to High Freezing and 
Boiling Point

Highest Density of Water at 4 
Degree Centigrade















Silicon (Si)

• 4 Valence Electron = Used in Semiconductors, Solar Cells etc.

• Major constituent of Portland Cement, Ceramics and Bricks

• Production of Fire Bricks

• Used for Waterproofing and Plastic Greasing

• Used as alloy in Steel Industry

• Not a METAL

• Close Relative of Carbon

• Makes up 27.7% of Earth Crust





Dinitrogen N2

• Colourless, Odourless, Diamagnetic 
(repulsive force)

• Sparingly Soluble in Water

• High Bond Enthalpy (Inert at RT)

• Manufacturing of Ammonia (Haber’s 
Process)

• Liquid Nitrogen – Food Preservative

• Iron and Steel Industry



Oxygen
• 46.6% of Earth’s Crust

• 20.9% of Earth’s Atmosphere O2

• Highly Reactive Nonmetal

• Oxidizing Agent – Forms Oxides

• Ozone = Allotrope of Oxygen

• Essential Element of Life Process

• Paramagnetic in Nature



Chlorine

• Extremely Reactive & Oxidizing Agent

• High Electron Affinity

• Some Uses:
• Bleaching Wood Pulp, Cotton, Textiles etc. 
• Extraction of Gold and Platinum
• Manufacture of dyes, drugs and organic 

compounds such as DDT, refrigerants, etc.
• Sterilizing drinking water
• Preparation of poisonous gases such as 

phosgene, tear gas (lachrymator agent or 
lachrymator), mustard gas etc.







Carbon

• Covalent Bonding: Formed by Sharing of Electron Pair between 
two atoms

• C4+ = He (Highly Unstable), C4- = Ne (Difficult to Hold Electrons)

• Shares 4 Valence Electrons

• Catenation



Carbon

• Weak Intermolecular Force but 
Strong Bond within Molecule

• Low Melting and Boiling Points

• Poor Conductors of Electricity = 
Does not give rise to any ions

• 2 Stable (C-12 & C-13) and 1 
Unstable Isotopes (C-14)



Formless









Graphite

• Pure form of carbon

• Flat 2D dimensional arranged 
Hexagonally

• Soft Black & Slippery Solid (Can be used 
as Lubricant)

• Conducts Electricity & Heat (Metallic 
Lustre)

• Alpha & Beta Forms

• Thermodynamically More Stable



Diamond

• Purest Crystalline Allotrope of Carbon
• Held by Strong Covalent Bonds
• Makes hardest element on Earth
• High Melting Point
• High Relative Density
• Transparent to X-Rays
• High Refractive Index
• Bad Conductor of Electricity
• Insoluble in all solvents
• Good Conductor of Heat



Petroleum Coke

• Extracted from Oil Refining = Spongy Solid Residue 

• Carbon Rich Solid Material

• High in Calorific Value = Easy to Transport and Store

• Releases Toxic Gases CO2, NO2, Hg, Ar etc.

• Used in Power Stations, Cement, Steel and Textile Plants



Carbon Monoxide

• Colourless, Odourless, Tasteless

• Formed due to Incomplete Combustion

• CO + H2 = Syn Gas (Coal Gasification)

• CO + N2 = Producer’s Gas

• Both are used to generate Fuel Gas

• Inhalation = Poisoning



Carbon Dioxide CO₂

• Colourless and Odourless

• Covalently Double Bonded

• Absorbs Infrared Radiation = Acts as GHGs

• Absorption in Ocean Causes Acidification

• Dry Ice can be used as cleaning agent, refrigerant

• Photosynthesis and Respiration





Chemistry in Everyday Life

Dry Cleaning
• Tetra Chloroethene – used as solvent

• Contaminates GW + Carcinogen

• Replaced by Liquified CO2

Hydrogen Peroxide H₂O₂
• bleaching clothes

• Bleaching paper

• Cleaning Water

• Treat Wounds
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Standard Model Physics



What are Elementary Particles?



Quarks + Quarks = Hadrons
Eg. Protons & Neutrons

Lepton = Charged or Uncharged
Charged = Electrons
Uncharged = Neutrinos

Neutrinos hard to detect. 
Produced by Radioactive Decay 
of Eg. Potassium, Sun’s Reaction

Bosons = Force Carriers
Eg. Strong, Weak and 
Electromagnetic



God’s Particle

• Peter Higgs, 1964
• Higgs Bosons = God’s Particle
• Particle acquires mass 

exposed to Higgs Field.
• Has zero spin, even (positive) 

parity, no electric charge, and 
no colour charge that 
couples to (interacts with) 
mass

• Unstable, starts decaying on 
formation









Antarctic Impulsive Transient 
Antenna

- Listen to Cosmos 
(Universe)

- Detect High Energy Particle 
= Neutrinos which 
bombard the planet.

- Find Origin of Cosmic Rays











ANTARES

• ANTARES (Astronomy with a 
Neutrino Telescope and Abyss 
environmental RESearch project) 
is a neutrino detector residing 
2.5 km under the Mediterranean 
Sea off the coast of Toulon, 
France.

• 1st Undersea Neutrino Telescope













CERN – European Organisation for 
Nuclear Research

Established = 2008

























Chandrashekhar Limit









Laser Interferometer Space Antenna LISA

• LISA is a planned space-based gravitational wave observatory led by 
the European Space Agency (ESA) and National Aeronautics and 
Space Administration (NASA)

• Detect and observe gravitational waves by measuring the minute 
changes in the distance between three spacecraft in a triangular 
formation, caused by the passage of gravitational waves through 
space

• Provide valuable insights into cosmic events, such as the mergers of 
massive black holes



eLISA



Q. Recently, scientists observed the merger of giant 
‘blackholes’ billions of light-years away from the Earth. What 
is the significance of this observation? (2019)

(a) ‘Higgs boson particles’ were detected.
(b) ‘Gravitational waves’ were detected.
(c) Possibility of intergalactic space travel through ‘wormhole’ 
was confirmed.
(d) It enabled the scientists to understand ‘singularity’



• Ans: (b)
• Exp:
• Every few minutes a pair of black holes smash into each other. These 

cataclysms release ripples in the fabric of space time known as 
gravitational waves.

• Gravitational waves are ‘ripples’ in space-time caused by some of the most 
violent and energetic processes in the Universe.

• Albert Einstein predicted the existence of gravitational waves in 1916 in 
his General Theory of Relativity.

• The strongest gravitational waves are produced by catastrophic events 
such as colliding black holes, the collapse of supernovae, coalescing 
neutron stars or white dwarf stars, etc.

• Scientists have yet again detected gravitational waves produced by the 
merger of two light black holes about a billion light-years away from the 
Earth.

• It was recorded by Laser Interferometer Gravitational-Wave Observatory 
(LIGO).

• Therefore, option (b) is the correct answer



The known forces of nature can be divided into four classes, viz., gravity, 
electromagnetism, weak nuclear force, and strong nuclear force. With 
reference to them, which one of the following statements is not correct? 

         (2013)

a) Gravity is the strongest of the four
b) Electromagnetism acts only on particles with an electric charge.
c) Weak nuclear force causes radioactivity
d) Strong nuclear force holds protons and neutrons inside the nucleus of 
an atom



a) Gravity is the strongest of the four





Hubble Space Telescope

• Space Based Observatory
• Launched In 1990 using Space Shuttle Discovery
• Orbits at 547 KM above Earth
• Exploration of Visible, Ultraviolet and Infrared 

Wavelengths
• Capture Faint glow from far off Universe



Hubble Space Telescope

• Benefits:
• Distortion Free
• More Wavelength
• Resolution
• Dark Skies
• Serviceability
• Diversity

• Discoveries:
• Universe’s Age
• Discovery of Dark Energy
• Evolution of Galaxy
• New Planet Evolution
• Gamma Ray Burst

• Successor:
• JWST – James Webb Space 

Telescope













2021, Ariane 5, French Guiana Base











International Liquid Mirror Telescope

1. India’s 1st Liquid Mirror Telescope
2. Devasthal Observatory of Aryabhata Research 

Institute of Observational Sciences (ARIES), 
Nainital

3. Only Mirror Telescope in World Currently
4. Mercury is Used





International Dark Sky Reserves

• Dark Sky Reserves consist of a dark "core" zone surrounded by a 
populated periphery

• Policy controls are enacted to protect the darkness of the core

• Established by a partnership of multiple land managers

• India’s 1st = Hanle, Ladakh (Changthang WLS) = 4500 MSL 
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Nuclear Science
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Origin of Radioactivity

• Spontaneous Decomposition of Unstable Atomic Nuclei

• Energy and Particles Released during Decomposition = Radiation

• Alpha, Beta and Gamma Particles

• Alpha Decay = Helium Nucleus Emission (4 Mass No. and 2 Atomic 
No.) = 2 Protons + 2 Neutrons

•  Beta Decay = Fast Energetic Electron or Positron (=Mass of Electron 
but Positive Charge)

• Gamma Decay = Electromagnetic Radiation = Shortest Wavelength
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Alpha, Beta & Gamma Radiation
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Two Protons & Two Neutrons High Energy EM Photon

High Energy Electron
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Uses of Radioactivity

• Half Life = Time Required for Quantity to Reduce to Half of Initial Value

• Cobalt 60 = Gamma Radiation, Arrest Development of Cancer

• Tachnetium 99 = Detect Cancerous Tumors

• Carbon 14 = Carbon Dating (half life 5730 years) and Tracer

• Phosphorus 31 = Tracer (Calculate amount of Nutrient Uptake)

• Americium-241 =  Domestic Smoke Detectors in USA

• Iodine 131 = Treating Hyperthyroidism

• Co-60 & Cs-137 = Destroy Anthrax bacilli
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Uranium Types

• U-238 = 99.3% on Earth = 
Transmute to Plutonium-239

• U-235 = Only Naturally Occurring 
Fissile Isotope

• U-233 = Can be produced from 
Thorium
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India’s 3 Stage Nuclear 
Power Programme
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Why in News?
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India V/S World Stats
• 23 Operational Reactors - 2023

• 3.1% of Total Electricity Generation 

• 7.4 GW

• TARGET – 22.4 GW by 2031
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India’s Nuclear Programme History
1948: • Establishment of the Atomic Energy Commission (AEC).

• India enters the nuclear age.

1950s • Formulation of the 3 Stage nuclear power program by Homi Bhabha.

• Aim to establish a self-sufficient nuclear power industry.

1969 • Commissioning of the first Pressurized Heavy Water Reactor (PHWR).

• Operationalization of Stage 1 of the nuclear power program.

1974 • Conducting of India’s first nuclear test, Pokhran-I.

• Demonstration of nuclear capabilities.

Late 1970s – 

Early 1980s:

• Development of fast breeder reactors (FBRs).

• Part of Stage 2 to enhance fuel efficiency and self-sufficiency.

1990s – 2000s: • Focus on building a nuclear arsenal and delivery systems.

• Further nuclear tests in 1998.

Present: • Possession of nuclear weapons and extensive nuclear fuel cycle capability.

• Ongoing developments in thorium-based reactors for Stage 3 of the nuclear power program
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Stages at a Glance
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India’s 3 Stage Nuclear Programme
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Benefits of Nuclear Power

• Is Nuclear the Solution?
• Low Carbon Footprint

• Energy Security

• Sustained Growth

• Uproot Energy Poverty

• Reliability

• Limited Growth Potential of 
Hydropower

• Low Operating Costs

• Reduced Fossil Fuel Import

• Reduced Fiscal Deficit
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Global Development of Reactor Design
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Stage 1: Using Uranium 235 as Fuel

1. Use Natural Uranium-235 (Imported)
2. By Product Plutonium 239 produced for Stage 2



Isotopes of Uranium and Hydrogen
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Isotope: Same Atomic Number 
and identical chemical 
properties but different Atomic 
Mass due to number of 
Neutron



Difference
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Radiometric Dating Nuclear Stability and 
Structure of Nuclei

Mass Spectrometry
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Stage 1: Reaction
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Stage 2: Breeding more Fuel

1. Use Plutonium 239 to make Mixed Oxide Fuel (Mix with Uranium-238)
2. Transmutation into more Plutonium 239
3. Build up Pu-239 Stock for Stage 2

Plutonium-239 is produced 
as byproduct for Stage 2
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Stage 2: 𝑃𝑢239 + 𝑈238
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Stage 3: PuO2-ThO2 MO𝑋, and ThO2 -𝑈233O2 MO𝑋
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Advanced Heavy Water Reactor 
(AHWR) : Kamini



Stage 3: Thorium Conversion
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1. Mix of Thorium 232 and Plutonium 239
2. Thorium Transmutes to U-233
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Stage 3: Why Thorium

• Less Nuclear Waste

• Ability to Burn Up Most Highly Radioactive  Particles

• Radioactive Waste Generated – toxic for 300-400 years w.r.t. 1000 
years

• Thorium Reactors are Cheaper – High Burnup

• Huge Thorium Reserves – in Monzanite form found in beach sands. 
World’s 3rd largest
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Current Environmental Issues

• Radioactive Wastes Disposal

• Nuclear Accidents and Meltdown – Fukushima and Chernobyl

• Thermal Pollution

• Weapon Proliferation

• Mining
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Current Implementational Challenges

• Prolonged Delays

• Limited Fuel Supply

• High Capital Costs

• Procurement Issues

• Regulatory Approvals

• Funding and Budget Constraints

• Political Instability

• Decommissioning Challenges

• Public Perception and Opposition
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Way Forward

• Expansion of Stage 2 till 50 GW is reached

• Simultaneous Operationalise AHWR for Stage 3

• Strengthen and Streamline Regulatory Frameworks

• Promoting Public Awareness and Acceptance

• Diversification of Reactor Designs and Fuel Cycles Eg. SMRs

• Integration with other Renewable Sources

• Repurposing Radioactive Waste for Medical Purposes

©ARJUN PAUL
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• ESTD - 1957 | HQ – Vienna, Austria

• Promote Peaceful use of Nuclear 
Energy

• 3 Main Mission
• Promoting Peaceful Use
• Implementing Safeguards and Verify 

non-Military Use
• Promoting High Standards Nuclear 

Safety

• Intergovernmental Organisation 
• Scientific and Technical Cooperation
• Conducts Nuclear Research
• Provides Technical Support

• Reporting: To UNGA and UNSC
©ARJUN PAUL

• Members: 178

• Latest Members: 2023 (Cape Verde; 
Guinea, The Gambia)

•  Director General: Rafael Mariano Grossi 
(Argentina Diplomat) 2019 onwards

• Non-Proliferation Treaty – 1968
• Gives Authority to IAEA to Monitor and 

Inspect

• 4 Types of Inspection:
• Ad Hoc
• Special
• Routine
• Safeguard Visits

• India Member of IAEA – NPT not signed

International Atomic Energy Agency



• Estd. 1954 under Atomic Energy Act, 
1948

• Atomic Energy Commission, 1958

• Formulates Policy – Full Authority

• Under Direct Control of PMO

©ARJUN PAUL

• Public Sector Unit – Central Govt.

• Design, Construction, Operation and 
Maintenance of Nuclear Power Plant

• Administered by DAE

• 21 Reactors

• Public Sector Unit – 2003
• Constructing and Commissioning of Prototype 

Fast Breeder Reactor at Kalpakkam, TN
• Administered by DAE



Thank You 
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Thank You Future Officers!

Presented by Arjun Kr. Paul
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