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INTRODUCTION 

 

1. The Indian Armed Forces are the military forces of the Republic of India consisting of 

three uniformed services: the Indian Army, Indian Navy, and 

Indian Air Force. With a strength of over 1.4 million active 

personnel, it is the world's second-largest military force and 

has the world's largest volunteer army. The Indian Armed 

Forces have a rich history. The Indian Armed Forces have 

been engaged in numerous major military operations, 

including the Indo-Pak war of 1947, 1965, 1971, the 

Portuguese-Indian War, 1962 Indo-China War, the Kargil War, 

and many others. The President of India serves as the 

supreme commander of the Indian Armed Forces. However, 

actual control lies with the executive headed by the Prime 

Minister of India. The Ministry of Defence is responsible for 

the country's defence and security. 

  

PART I: INDIAN ARMY 

2.  The Indian Army is the land-based branch, and it is the largest component of the Indian 

Armed Forces. It is the fourth-largest standing army in the world. The President of India is the 

Supreme Commander.  It is headed by the Chief of Army Staff (COAS), who is a four-star 

General. The Chief of Army Staff is responsible for all the activities of the Indian Army. The 

senior officers who assist him are:- 

(a) Vice Chief of Army Staff. 

(b) Three Deputy Chiefs of Army Staff. 

 

 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Indian Army 

(b) Part II: Indian Navy 

(c) Part III: Indian Air Force 

(d) Part IV: Badges and  Ranks 

(e) Part V: Honours and Awards 

LEARNING OBJECTIVES 

 Basic understanding of the Indian 

Armed Forces, their organisation and 

structures. 

 Badges of rank 

 Honours and awards 

 Modes of entry in IAF and civil 

aviation 

 Recognition of aircraft 

 Information on IAF aircraft 

inventory 
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(c) Principal Staff Officers (PSOs). 

(d) Heads of Arms and Services. 

(e) Field Army (Commands). 

3. The responsibility for national defence rests with the Cabinet. This is discharged through 

the Ministry of Defence (MoD), which provides the policy framework and wherewithal to the 

Armed Forces to discharge their responsibilities in the context of the defence of the country. Even 

though all elements of national defence and national security continuously strive to achieve the 

assigned roles and tasks, the Defence Services play the most vital role in maintaining the 

sovereignty and territorial integrity of our nation from both; external and internal threats. Based on 

the major wars fought, struggles, and the present-day relations with our neighbouring countries 

and strategic allies, the Defence Forces of Our Nation have transformed significantly to ensure 

compliance with the given mandate. Having read the overview of the current structures of the 

Indian Armed Forces as discussed in the succeeding paragraph, the NCC Cadets will be able to 

appreciate how well these organisations have emerged to meet India’s needs of national 

defence, security, integration and other associated requirements. 

4. Even though the responsibility of national defence rests with the Cabinet and is 

discharged through the Ministry of Defence, the President of India is the Supreme 

Commander of the Indian Armed Forces. Like in all other developed and developing 

countries, the Indian Armed Forces comprises three main constituents, namely, the Indian 

Army, Indian Navy and Indian Air Force, which look after the multi-dimensional defence 

needs of the country. Recently, the Chief of Defence Staff (CDS) was established with the 

intention of enhancing tri-service effectiveness, coordination, and overall integration of the 

Indian Armed Forces' combat capabilities. CDS is the chief advisor to the Government of 

India in all matters pertaining to the Indian Defence Forces. General Bipin Rawat, PVSM, 

UYSM, AVSM, YSM, SM, VSM, ADC was appointed as the first CDS on 27 Dec 2019. 

 

Soldiers of the Sikh Light Infantry during a Republic Day Parade 
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5. Throughout this chapter, we will delve into the history, structure, and key functions of 

each branch of the Indian Armed Forces, enabling the Cadet to obtain a basic 

understanding of these vital national assets. 

6. Army Command Headquarters is commanded by an officer of the rank of ‘Lieutenant 

General’, who is known as the Army Commander or General Officer Commanding–

Commanding-in-Chief. The Indian Army is divided into seven Commands that have 

subordinate formations under them. These are:- 

Command Insignia Command Name Headquarters 

 
Central Command Lucknow 

 
Eastern Command Kolkata 

 
Northern Command Udhampur 

 
Southern Command Pune 

 
South Western Command Jaipur 

 
Western Command Chandimandir 

 
Army Training Command Shimla 

 

7 Components of the Indian Army. The Indian Army has three main constituents, 

namely the Combat Arms, the Combat Support Arms and the Services, which are 

organised in field formations forming the Brigades, Divisions, Corps and Commands. All 

three together fight the war as a team as part of the field formations. These three key 

constituents, namely the Combat Arm, Combat Support Arm and Services, which are 

further divided into sub-components, have their own unique quality and characteristics. 

(a) Combat Arms. These are the primary fighting forces of the Army, directly 

involved in combat operations. 

(b) Supporting Arms. These support the combat arms by providing essential 

wherewithal and capabilities vital for war fighting, which are not integral to the 

Combat arms, like long-range firepower, protection from hostile aircraft, mobility and 

communications in war-fighting areas. 

 
 

https://en.wikipedia.org/wiki/Central_Command_(India)
https://en.wikipedia.org/wiki/Lucknow
https://en.wikipedia.org/wiki/Eastern_Command_(India)
https://en.wikipedia.org/wiki/Kolkata
https://en.wikipedia.org/wiki/Northern_Command_(India)
https://en.wikipedia.org/wiki/Udhampur
https://en.wikipedia.org/wiki/Southern_Command_(India)
https://en.wikipedia.org/wiki/Pune
https://en.wikipedia.org/wiki/South_Western_Command_(India)
https://en.wikipedia.org/wiki/Jaipur
https://en.wikipedia.org/wiki/Western_Command_(India)
https://en.wikipedia.org/wiki/Chandimandir
https://en.wikipedia.org/wiki/Army_Training_Command_(India)
https://en.wikipedia.org/wiki/Shimla
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(c) Services. These units provide logistical and administrative support to the 

Army, ensuring that combat and supporting arms can function effectively both during 

war and peace. 

 
 

8. By manpower-wise Indian Army is one of the largest standing armies in the world. 

The role of the Indian Army is to deny the enemy from capturing our land and to capture 

enemy territory. The army is divided into three components: combat arms, combat support, 

arms and services. Combat arms are the ones who are in the forefront and the face of the 

enemy. Combat Support Arms help the Combat Arms on the battlefield to perform the 

assigned tasks and provide logistical support. 

9. The Indian Army is the fourth-largest Army in the world and has a legacy of heroism 

and valour. Also, the motto of the Indian Army is “SERVICE BEFORE SELF”. 

PART II: INDIAN NAVY 

10. India is surrounded from three sides with water and has a coastline of approximately 

6000 Km. The sea around India has a great impact/ effect on India’s freedom, trade, 

commerce, and culture. The Indian Navy (Bhartiya Nau Sena) is the naval branch of the 

Forces. The President of India serves as the Supreme Commander of the Indian Navy. The 

Chief of Naval Staff, usually a four-star officer in the rank of Admiral, commands the Navy. 

The Indian Navy is the eighth largest in the world. The primary objective of the Navy is to 

secure the nation's maritime borders. 

 

 

SUPPORTARMS 
COMBAT ARMS 

https://en.wikipedia.org/wiki/Navy
https://en.wikipedia.org/wiki/President_of_India
https://en.wikipedia.org/wiki/President_of_India
https://en.wikipedia.org/wiki/Chief_of_the_Naval_Staff_(India)
https://en.wikipedia.org/wiki/Four-star_rank
https://en.wikipedia.org/wiki/Admiral
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11. Our nation has one of the largest peninsulas and has open water on three sides with 

a coastline of approximately 6000 km. As it has been historically proven, the seas around 

our country have an impact/effect on our freedom, trade, commerce and culture. The Indian 

Navy (Bhartiya Nau Sena), the maritime Branch of the Indian Armed Forces, is the primary 

organisation which ensures our maritime security. It is also supported by the Indian Coast 

Guard, which protects our maritime interests and enforces maritime laws. The Indian Navy 

today is a multidimensional force that has been organised to safeguard India’s maritime 

territorial integrity and other maritime interests. It plays a crucial role in securing India’s vast 

coastline, protecting maritime trade routes and ensuring the nation’s maritime sovereignty. 

The Navy also engages in humanitarian missions, disaster relief and international 

peacekeeping efforts. Established in its modern form on January 26, 1950, the Indian Navy 

has evolved into a formidable blue-water navy capable of operating across the globe. 

12. The Indian Navy has a vast strength of personnel and a large operational fleet 

consisting of aircraft carriers, amphibious transport docks, landing ship tanks, destroyers, 

frigates, nuclear-powered attack submarines, ballistic missile submarines, conventionally-

powered attack submarines, corvettes, mine countermeasure vessels, patrol vessels, fleet 

tankers and various other auxiliary vessels 

13. As of April 2024, the Indian Navy possesses two aircraft carriers, one amphibious 

transport dock, four tank landing ships, 12 destroyers, 12 frigates, 2 nuclear-powered 

ballistic missile submarines, 16 conventionally powered attack submarines, 20 corvettes, 

eight landing craft utilities, ten large offshore patrol vessels, five fleet tankers as well as 

various auxiliary vessels and small patrol boats. 

14. Indian Navy Air Arm. The air arm is a fighting arm of the Indian Navy which is 

tasked to provide an aircraft carrier-based strike capability, fleet air defence, maritime 

reconnaissance, and anti-submarine warfare. Some prominent fighter aircraft that the 

Indian Navy operates include MiG-29 K and HAWK. It also employs other aircraft, including 

Cheetah, Chetak and SEA KING helicopters. It was raised in 1948 and today has 

approximately 23 squadrons, 5000 personnel and approximately 300 various types of 

aircraft. 

 

             Sea King      Mig-29 
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15. The Chief of Naval Staff commands the Indian Navy. Integrated Headquarters of the 

Ministry of Defence (Navy) is located in New Delhi. There are three commands of the Indian 

Navy:- 

 

16. Naval Air Stations. The Navy operates several air stations equipped with Aircraft for 

reconnaissance, anti-submarine warfare, and logistics support. Key air stations include INS 

Hansa in Goa and INS Rajali in Arakkonam. The Indian Navy’s organisational structure 

ensures it can effectively manage and deploy its resources to protect India’s maritime 

interests and respond to various challenges and threats. 

 

Command Headquarter 

Western Naval Command Mumbai. 

Eastern Naval Command Vishakhapatnam. 

Southern Naval Command Kochi. 

https://en.wikipedia.org/wiki/Western_Naval_Command
https://en.wikipedia.org/wiki/Mumbai
https://en.wikipedia.org/wiki/Eastern_Naval_Command
https://en.wikipedia.org/wiki/Visakhapatnam
https://en.wikipedia.org/wiki/Southern_Naval_Command
https://en.wikipedia.org/wiki/Kochi
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INTERESTING FACTS 

 As of August 2015, the Indian Navy is classified as a Rank 3 navy (Power projection to 

regions adjacent to its own) on the Todd-Lindberg navy classification system of naval 

strength. 

 The Navy also includes specialised units such as the Marine Commandos (MARCOS) 

for special operations and the Indian Naval Air Arm for aerial operations. 

 Fleet Composition. The Indian Navy’s fleet includes aircraft carriers, destroyers, 

frigates, corvettes, submarines, and various auxiliary vessels. As of 2024, the Navy 

operates two aircraft carriers, INS Vikramaditya and INS Vikrant, along with a range of 

other advanced ships and submarines. 

 

PART III: INDIAN AIR FORCE 

17. The Indian Air Force is the youngest force among the three Armed forces. It is the 

world's third-largest air force in terms of both personnel and aircraft. Its primary 

responsibility is to safeguard the Indian airspace and to conduct aerial warfare during a 

conflict. It came into existence in the year 1932. The secondary purpose of IAF is to assist 

civil power during natural calamities and internal disturbances. The IAF provides close air 

support to the Indian Army troops on the battlefield and also provides strategic and tactical 
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airlift capabilities. IAF also provides strategic air lift or secondary Airlift for the Indian Army. 

Indian Air Force comprises fighter aircraft, transporter aircraft, trainer aircraft, UAV aircraft, 

bombers and helicopters. The President of India serves as the Supreme Commander of the 

IAF. 

18. The Indian Air Force is commanded by the Chief of the Air Staff, usually a four-star 

officer with the rank of Air Chief Marshal. The staff of Air Headquarters consists of three 

branches:- 

(a)  Air Staff Branch. 

(b)  Administrative Branch. 

(c)  Maintenance Branch. 

19. The Air Force is divided into seven commands, which are controlled by Air HQ. These 

commands are subdivided into Operational commands and Functional commands. Each 

Command is placed under the command of an Air Officer Commanding-in-Chief. The 

Commands of the IAF are as follows:- 

Command Headquarters Location 

Operational Commands 

Central Air Command (CAC) Prayagraj, Uttar Pradesh. 

Eastern Air Command (EAC) Shillong, Meghalaya 

Southern Air Command (SAC) Thiruvananthapuram, Kerala. 

South Western Air Command (SWAC) Gandhinagar, Gujarat.   

Western Air Command (WAC) New Delhi. 

Functional Commands 

Training Command (TC) Bengaluru, Karnataka. 

Maintenance Command (MC) Nagpur, Maharashtra. 

 

20. The Indian Air Force (IAF) is the aerial warfare branch of the Indian Armed Forces, 

tasked with securing Indian airspace and conducting aerial operations during armed 

conflicts. It was established on October 8, 1932, as the Royal Indian Air Force, which took 

part in many gallant air actions during World War II. After India gained independence, the 

prefix Royal was removed. On 1st Apr 1954, Air Marshall Subroto Mukherjee, one of the 

founding members of the Royal Indian Air Force, took over as the first Chief of the Air Staff 

of the Indian Air Force. 
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21. The primary mission of the Indian Air Force is to secure Indian airspace both during 

peace and war. The IAF plays the crucial role of conducting aerial warfare during armed 

conflicts: conducting strategic bombing, destroying enemy air assets, engaging in 

reconnaissance missions and providing air support to ground and naval forces where and 

when required. Additionally, the IAF participates in humanitarian missions, disaster relief, 

and international peacekeeping efforts. 

22. The IAF is the world fourth fourth-largest air force in terms of both personnel and 

aircraft. The Indian Air Force comprises of following aircraft, helicopters and the associated 

equipment with which they execute their tasks and responsibilities:- 

(a) Fighter aircrafts. 

(b) Transport aircrafts. 

(c) Attack Helicopters. 

(d) Transport Helicopters. 

(e) Reconnaissance Assets (aircrafts, helicopters and drones). 

(f) Missiles. 

(g) Radars. 

 

     Boeing C-17 Globemaster III        Rafale fighter 

   

                  LCA Tejas     Sukhoi Su-30MKI 
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PART IV: BADGES AND RANKS 

23. The Indian Armed Forces consists of three professional uniformed services: the 

Indian Army, the Indian Navy, and the Indian Air Force. All three services have distinct 

Badges of ranks which help in identifying the personnel and their seniority. The Badges of 

rank are given as per professional competence and length of service in the Armed Forces. 

24. Commissioned Officers–Army. Commissioned Officers of the Indian Army who 

command their troops from platoon or equivalent up to armies and hold a President's 

commission. Field Marshal is an honorary rank and is given to a General for his valuable 

services. The badges of rank worn by commissioned officers are as shown: 

 

25. Junior Commissioned Officer (JCO)–Army. 

The Changed to Rank Category Below Commisioned 

Officer in the Army is Junior Commissioned Officers. The 

soldiers who become JCOs come up through the Non-

Commissioned Officer ranks. The badges of rank worn 

by the JCOs are as shown: 

26. Non-Commissioned Officer–(NCO) Army. The 

third set of officers is the Non-Commissioned Officers 

(NCOs). These ranks are given to jawans according to their 

merit and year of service. The badges of ranks for NCOs 

are as shown: 

27. Commissioned Officers Navy. Admiral of the Fleet is an honorary rank given to an 

Admiral for his invaluable services, and he will continue to serve the rest of his term with the 

honorary rank. This rank has not been used in the Indian Navy. The badges of rank worn by 

Naval Officers are as shown:  
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28. Junior Commissioned Officers (JCO) Navy. The JCOs are the Rank Category 

below Commisioned Officer who reached the rank of JCO because of their years of service 

as Non-commissioned Officers. The badges of rank worn by Junior Commissioned Officers 

(JCOs) of the Navy are as shown:- 

29. Non-Commissioned Officers (NCOs) Navy. The Rank Category below Junior 

Commisioned Officer in the Indian 

Navy are the Non-commissioned 

Officers. These ranks are given to 

the sailors according to their merit 

and year of experience. The 

badges of rank worn by the NCOs 

are as shown:- 

30. Commissioned Officers of the Air Force. Marshal of the Air Force is an honorary 

rank given to an Air Chief Marshal for his invaluable services. In recognition of his services, 

the Government of India gave the rank of Marshall of the Air Force to Arjan Singh in 

January 2002, making him the first and only “Five Star” rank officer in the Indian Air Force 

to date. The badges of rank worn by officers are as shown:- 
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31. Junior Commissioned Officers (JCOs), Air Force. JCOs of IAF are the warranted 

rank personnel, who have been given these ranks because of their years of experience in 

IAF. The badges of rank worn by these Officers are as shown: 

 

 

32. Non-Commissioned Officers (NCOs) Air Force. The badges of rank worn by these 

NCOs the airmen of the rank of Cpl and below are known as Non-Commissioned Officers 

The badges of rank worn by these NCOs are as shown: 
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33. Comparison of Officer Ranks of the Armed Forces. 

 

34. Junior Ranks of the Indian Armed Forces. 

 

Master Warrant Officer 
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35. NCO Ranks of the Indian Armed Forces. 

 

 

PART V: HONOURS AND AWARDS 

36. The Armed Forces of India have a glorious history for which it has been awarded 

with many military decorations, honours and awards. These awards and honours are 

awarded for extraordinary bravery and courage, as well as for distinguished services during 

times of war and peace. For the purpose of classification, Indian Armed Forces honours 

and awards are divided into two categories: 

(a)  Gallantry Awards in the Face of Enemy. 

(b) Non-Gallantry Awards / Distinguished Service Awards. 

37. The seawards are given on occasions of various felicitation ceremonies organised at 

Rashtrapati Bhawan, New Delhi, on Republic Day and on various occasions. The awards 

given to the Armed Forces are enumerated below. 

38. Gallantry Awards in the Face of Enemy (War Time). 

 

Aircraftsman 
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39. Gallantry Awards Other than in the Face of Enemy (Peace Time). 

 

40.  Non-Gallantry Awards/ Distinguished Service Awards. 

(a) Sarvottam Yudh Seva Medal. 

(b) Param Vishisht Seva Medal. 

(c) Uttam Yudh Seva Medal. 

(d) Ati Vishisht Seva Medal. 

(e) Yudh Seva Medal. 

(f) Vishisht Seva Medal. 

(g) Mention in the Dispatches 

INTERESTING FACTS 

 Medals like Sena medal can be given any time i.e. Gallantry award, Nongallantry award 

or distinguish service award to be changed  

 

CONCLUSION  

41. The Indian armed forces are the military forces of the republic of India. It consists of the 

three professional uniformed services: The Indian Army, The Indian Navy, The Indian Air Forces. 

All three services have distinct Badges of ranks which help in identifying the personnel and their 

seniority. The President of India is the supreme commander of Indian Armed. Forces. Indian 

Armed Forces have been engaged in a number of major military operations. Indian armed forces 

are split into different groups based on their region of operations. The Indian Army is divided into 

six operational command and one training command each under control of lieutenant Generals. 

The Indian Navy operates three commands. Each command is headed by a flag officer 

commanding-in-chief with the rank of Vice Admiral. The highest wartime Gallantry Award is 

Param Vir Chakra and peace time Gallantry Award is Ashok Chakra. 
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ASSESSMENT EXERCISES 

Multiple-Choice Questions (MCQs) 

1. Who is the Supreme Commander of the Indian Armed Forces? 

(a)  Prime Minister 

(b)  President of India 

(c)  Chief of Defence Staff 

(d)  Defence Minister 

2. Which ministry is responsible for national defence in India? 

(a)  Ministry of Home Affairs 

(b)  Ministry of Defence 

(c)  Ministry of External Affairs 

(d)  Ministry of Finance 

3. What is the primary role of the Indian Army? 

(a)  Maritime security 

(b)  Aerial warfare 

(c)  Ensuring national security and unity 

(d)  Space exploration 

4. Who was appointed as the first Chief of Defence Staff (CDS) of India? 

(a)  General Manoj Pande 

(b)  Air Chief Marshal RKS Bhadauria 

(c)  General Bipin Rawat 

(d)  Admiral Karambir Singh 

5. How many operational commands does the Indian Army have? 

(a)  4 

(b)  5 

(c)  6 

(d)  7 

6. What is the main function of the Army Service Corps (ASC)? 

(a)  Combat operations 

(b)  Providing logistics, supply, and transportation 

(c)  Training personnel 

(d)  Air defence 
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7. Which of the following is NOT a combat arm of the Indian Army? 

(a)  Infantry 

(b)  Armoured Corps 

(c)  Corps of Signals 

(d)  Mechanised Infantry 

8. Where is the headquarters of the Indian Navy located? 

(a)  Visakhapatnam 

(b)  Kochi 

(c)  Mumbai 

(d)  New Delhi 

9. What is the name of India’s first indigenous aircraft carrier? 

(a)  INS Vikrant 

(b)  INS Vishal 

(c)  INS Arihant 

(d)  INS Vikramaditya 

10. Which of the following commands is responsible for training in the Indian 

Navy? 

(a)  Western Naval Command 

(b)  Eastern Naval Command 

(c)  Southern Naval Command 

(d)  Central Naval Command 

11. The Indian Air Force was established in which year? 

(a)  1930 

(b)  1932 

(c)  1947 

(d)  1954 

12. What is the primary role of the Indian Air Force? 

(a)  Securing Indian airspace 

(b)  Conducting naval warfare 

(c)  Managing ground-based logistics 

(d)  Providing legal support 
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13. Which of the following is a fighter aircraft used by the Indian Air Force? 

(a)  C-17 Globemaster III 

(b)  CH-47 Chinook 

(c)  MiG-29 

(d)  Apache AH-64E 

14. The Indian Armed Forces participate in which of the following international 

efforts? 

(a)  UN Peacekeeping missions 

(b)  Space exploration programs 

(c)  Foreign elections monitoring 

(d)  Global financial aid distribution 

15. Which of the following is a missile system used by the Indian Air Force? 

(a)  SPYDER 

(b)  BrahMos 

(c)  Prithvi 

(d)  Agni 

Short Answer Type Questions 

1. What are the three main constituents of the Indian Armed Forces? 

2. Describe the role of the Chief of Defence Staff (CDS)  in the Indian Armed Forces. 

3. What is the primary mission of the Indian Air Force? 

4. Name the three commands of the Indian Navy and their respective headquarters. 

5. What is the significance of Services in the Indian Army? 

Long Answer Type Questions 

1. Discuss the historical evolution of the Indian Army from the British Indian Army to its 

current form. 

2. Explain the organisational structure and key functions of the Indian Navy. 

3. Describe the various components and operational capabilities of the Indian Air 

Force. 

4. How does the Ministry of Defence (MoD)  support the Indian Armed Forces in 

discharging their responsibilities? 

5. Analyse the importance of Combat Arms and Combat Support Arms in the Indian Army? 
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GENERAL SERVICE KNOWLEDGE (SD/SW) 

CHAPTER  II : IAF 
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INTRODUCTION 
 

  

PART I: ORGANISATION OF IAF 

1. The President is the Supreme Commander of the Armed Forces of the Indian 

Republic. The primary role of the Air Force is to safeguard the nation from any aerial 

threats and also to provide support to the Army and the Navy. Its secondary role is to 

provide aid to the civil power in maintaining law and order and in providing relief during 

natural calamities.  

2. Station/Wing is always what is called a self-accounting unit, i.e. it is fully capable 

and independently responsible for its own administration. A Sqn/lodger unit is essentially 

a non-self-accounting unit, and it is a lodger to a Wing/Station and depends fully on that 

Wing/Station for its administration. A Wing/Station exercises its functional and 

administrative control over its lodger units. 

 

 

 

 

 

 
 

 

 

PRESIDENT 

DEFENCE MINISTER 

ARMY AIRFORCE NAVY 

VCAS DCAS AOA AOP AOM IG 

AIRHQ 

CDS 

AIR 
HQ 

COMMAN
D 

WING/STATION SQUADRON/UNIT 

DG I&S 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Organisation of IAF 

(b) Part II: History of IAF 

(c) Part III: Aircraft Recognition 

(d) Part IV: Types of Aircraft 

LEARNING OBJECTIVES 

 Basic understanding of the Indian 

Armed Forces, their organisation and 

structure 

 Basic understanding of organization 

of IAF at air HQ and command level 

 History of IAF 

 Recognizing aircraft 

 Aircraft inventory of IAF. 

 

D 
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3. The organisational chart of an operational Command of IAF is as enumerated 

below:- 

(a) Senior Air Staff Officer (SASO).  An officer of the rank of Air Marshal, who is 

responsible for operational aspects. 

(b) Senior Officer Administration (SOA). An officer of the rank of Air Vice 

Marshal, who is responsible for administrative aspects. 

(c) Senior Maintenance Staff Officer (SMSO). An officer of the rank of Air Vice 

Marshal, who is responsible for maintenance (technical) aspects. 

 

COO CADMO 

TECHSQN ADM 

REFUELLING WORKS 

MT CATERING 

FLIGHT 
SAFETY 

NAV 

ARMAMENT 

CEO 
FLYING 

SQUDRON 

AOC/STNCDR 

MCC MEDICAL 

LOGISTICS SECURITY 

SIGNAL EDUCATION ACCOUNT MET ATC 

SMSO SOA SASO 

AIR OFFICER COMMANDING IN CHIEF AOC-in-C 
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PART II: HISTORY OF THE IAF 

4. The Indian Air Force is the youngest amongst all three military services. It has a 

bright history, even though it is the youngest service. The bravery, valour achievements of 

all the personnel of the IAF are an integral Part of its proud heritage. 

5. The Government passed the IAF bill on 04 April 1932. The Indian Air Force came 

into existence with the promulgation of the IAF bill on 08 Oct 1932. The governor general-

in-council at that time consequently ordered the establishment of the Indian Air Force with 

effect from 08 Oct 1932. The Indian Air Force celebrates its anniversary on 08 Oct every 

year.  

6. In its early years, the expansion of the IAF was rather slow. In September 1939, it 

consisted of only one squadron with a complement of 16 officers and 144 airmen. During 

World War II, the increasing commitment of the RAF in Europe and the impact of the 

Japanese invasion in South-East Asia accelerated the pace of progress.  

7. The Indian Air Force today is a modern technology-intensive force distinguished by 

its commitment towards excellence and professionalism, keeping pace with the demands 

of contemporary advancement. The IAF continues to modernise in a phased manner, and 

today it stands as a credible air power counted amongst the foremost professional 

services in the world.  

8. The primacy of Air Power will be a decisive factor in shaping the outcome of future 

conflicts. In line with this dictum, the IAF has developed into a major ‘Component of 

National Power’, which can be applied quickly and decisively. The IAF has reoriented 

itself to a multi-role capability of platforms and equipment, along with a multi-skill 

capability of personnel. The rapid economic growth of the country dictates the need to 

protect our security interests extending from the Persian Gulf to the Straits of Malacca. 

Over the years, the IAF has grown from a tactical force to one with trans-oceanic reach. 

The strategic reach emerges from the induction of Force Multipliers like Flight Refuelling 

Aircraft (FRA), Remotely Piloted Aircraft (RPA) and credible strategic lift capabilities. 

There is emphasis on acquiring the best of technology. 

9. The five operational commands through administrative wings control over 45 Fixed 

Wing Squadrons, 20 Helicopter Units and numerous surface-to-air missile squadrons with 

unit establishments varying from 12 to 18 aircraft. This represents a total aircraft strength of 

over 2000, including training and support types, manned by some1,40,000 active personnel. 

10. For the smooth functioning of an organisation, it is essential to divide the staff into 

different branches. A vast organisation like the Indian Air Force requires various branches 

to make the organisation successful and flawless. 
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11. The Indian Air Force is divided into the following branches:- 

(a) Flying Branch. 

(b) Navigation Branch. 

(c) Education Branch. 

(d) Medical Branch. 

(e) Administration Branch. 

(f) Logistic Branch. 

(g) Meteorology Branch. 

(g) Engineering Branch. 

(j) Weapon System Branch. 

PART III: AIRCRAFT RECOGNITION 

12. Introduction to Aircraft Recognition. Visual aircraft recognition is a vital skill for 

military and defence personnel. Being able to distinguish between various aircraft types 

helps in identifying potential threats, understanding the capabilities of enemy aircraft, and 

knowing which aircraft are friendly. Various methods are used to recognise aircraft visually. 

In this lesson, we will focus on recognising aircraft based on. 

(a) Wing position. 

(b) Wing Shape. 

(c) Canopy shapes. 

(d) Fin & Tail structures. 

(e) Markings. 

13. Wing Position. The position of the wings on the fuselage of an aircraft plays a 

significant role in its flight characteristics and design. Aircraft can be categorised based on 

whether the wings are mounted high, mid, or low on the fuselage. 

(a) High Wing. The wings are mounted near the top of the fuselage. High-wing 

aircraft typically have better stability and are less affected by turbulence. They also 

have better clearance for landing gear and cargo. Example, C-130 Hercules 

(Transport Aircraft) 

(b) Mid Wing.  The wings are mounted at or near the midpoint of the fuselage. 

Mid-wing aircraft typically have good overall stability and are more versatile in terms 

of aerodynamics. Example, F-16 Fighting Falcon (Fighter Jet) 
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(c) Low Wing. The wings are mounted near the bottom of the fuselage. Low-

wing aircraft generally have better ground clearance for the engines and landing 

gear, and they are often used for high-speed flight and aerobatics. Example, Hawk 

 

C-130 J  

(High Wing) 

 

F-16 

(Mid Wing) 

 

Hawk 

(Low Wing) 

 

14. Wing Shape. Wing shape is a convenient method for visual identification of 

aircraft. 

(a) Straight Wing. These wings extend directly out from the fuselage without a 

sweep (wings are perpendicular to the fuselage). Example, Cessna 172 (Light 

Aircraft) 

(b) Swept Wing. The wings are angled backward or forward, which allows for 

faster speeds. Example, F-16 Fighting Falcon (Fighter Aircraft) 

(c) Delta Wing. Triangular in shape, often used for high-speed aircraft (Wings 

form a triangle with the fuselage).  Example, Mirage 2000, LCA Tejas 
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(d) Variable-Sweep Wing. The wings can be adjusted for different speeds, often 

seen on fighter jets. Example, In a Mig-27 (swing wing), the aircraft utilizes minimum 

sweep for take-off and landing and a sweep angle of 72 degrees for high speed flight. 

.  

Cessna 172 
(Straight Wing) 

 

F-16 
(Swept Wing) 

 

Tejas 
(Delta Wing) 
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Mig-27 
(Variable Sweep 
Wing) 

 

15. Shape of Canopy.  The shape of the canopy plays a crucial role in both the pilot's 

visibility and the aircraft's aerodynamics. The following are the key canopy shapes to 

focus on. 

(a) Inline. The inline canopy is a simple, streamlined canopy shape that is 

aligned with the fuselage of the aircraft. It provides a clean aerodynamic profile and 

is often used in earlier aircraft designs. The inline canopy offers a sleek and 

minimalistic design, enhancing the aircraft's speed and stability. Example, 

Supermarine Spitfire (World War II Fighter). 

(b) Teardrop. The teardrop canopy is an elongated shape, resembling the shape 

of a teardrop or a droplet of water. It typically has a rounded front with a tapered 

rear. This canopy provides excellent visibility for the pilot, with the aerodynamic 

shape reducing drag and enhancing speed. Example, F-16 Fighting Falcon. 

(c) Bubble. The bubble canopy is a large, smooth, rounded canopy that extends 

over the cockpit, providing panoramic visibility. This shape is one of the most 

recognizable and common on modern aircraft. The bubble canopy provides a wide 

field of vision for the pilot, especially in combat situations. Example: F-15 Eagle 

(Fighter Jet). 

(d) Submerged. A submerged canopy is mounted lower in the fuselage, often 

partially recessed. This design minimises the pilot's exposure and reduces drag, 

while still providing adequate visibility. The submerged canopy design improves the 

aircraft's aerodynamics and reduces the risk of enemy fire hitting the pilot's canopy, 

offering some protection. Example, SR-71 Blackbird (Reconnaissance Aircraft). 
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Spitfire 

(Inline Canopy) 

 

F-16 

(Teardrop canopy) 

 

F-15 

(Bubble canopy) 

 

SR-71 Blackbird 

(Submerged 
canopy) 

 

16. Shape of Fin and Tail Plane. The tail position of an aircraft refers to where the 

vertical stabilizer (fin) and horizontal stabilizer (tail plane) are mounted on the fuselage. The 

tail position plays a significant role in the aircraft's overall balance, stability, and 

manoeuvrability. 

(a) High Tail. In a high-tail configuration, both the vertical stabilizer (fin) and 

horizontal stabilizer (tail plane) are mounted near the top of the fuselage. This tail 
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position generally provides better stability in turbulent air. It also allows for a clean, 

unobstructed flow of air over the control. Example, IL-76. 

(b) Mid Tail. The mid-tail configuration has the vertical stabilizer and horizontal 

stabilizer mounted approximately at the midpoint of the fuselage, or slightly higher 

or lower, depending on the aircraft’s design. This configuration allows for a balanced, 

symmetrical distribution of lift and stability, often providing an optimal balance 

between control and maneuverability. Example, Mig-21. 

(c) Low Tail. In the low-tail configuration, the vertical stabilizer and horizontal 

stabilizer are mounted closer to the bottom of the fuselage, near or just above the 

aircraft’s landing gear. Low tails tend to provide better control at high speeds and are 

commonly used in aircraft where ground. Example, Piper Cherokee. 

 

IL-76 

(High Tail and a 
T-Tail) 

 

Mig-21 

(Mid Tail) 

 

Piper Cherokee 

(Low Tail) 
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17. Markings. Aircraft markings typically include symbols, colours, and insignia on the 

airframe, wings, and tail. These markings help in the quick identification of the aircraft’s 

nationality, branch of service, squadron and sometimes even the aircraft’s mission or 

role. The Indian Air Force (IAF) uses a specific set of markings that help identify aircraft. 

These markings include the national Roundal, fin flash, squadron markings, and unit 

badges. 

 

Standard markings on IAF aircraft 

 

Roundal 

 

A JF-17 with standard PAF markings 

 

18. Markings on IAF Aircraft. The IAF roundel consists of a blue, white, and orange 

circle. The colours are arranged in a concentric pattern, with the orange colour on the outer 

ring, white in the middle, and blue in the centre. The roundel is typically painted on the 

wings and fuselage for easy recognition. The roundel represents the national flag and 

serves to distinguish Indian aircraft from others. Example, HAL Tejas (Light Combat 

Aircraft). 

PART IV: TYPES OF AIRCRAFT 

19. There are different types of aircraft used in the Indian armed forces, which are 

designed to undertake a specific role. These aircraft are majorly classified into fighter, 

transport, helicopter, trainer and UAV. Fighter aircraft are used to establish air superiority 

over the battlefield. The transport aircraft are designed to carry passengers and cargo 
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from one place to another. These transport aircraft are also used for airlifting victims of 

natural disasters in India, as well as our friendly neighbouring countries, such as  

OP MAITRI in Nepal during the 2015 Nepal Earthquake. Helicopters have multiple roles 

such as emergency transportation, firefighting, during natural calamities, search and 

rescue and cargo transportation. Attack helicopters are used to provide close air support 

and destroy enemy targets on the ground. UAVs are used for intelligence, surveillance, 

target acquisition and reconnaissance. A majority of the aircraft in the IAF inventory are 

listed below, along with their roles and capabilities. 

FIGHTER AIRCRAFT 

Su-30 MKI The SU-30MKI is a twin-engine, air superiority fighter aircraft of Russian 

origin designed to perform a variety of roles, including air-to-air combat, air-

to-ground strikes, and long-range reconnaissance missions. It’s part of the 

Su-30 family of aircraft, which are known for their advanced avionics, 

superior manoeuvrability, and long-range capabilities. 

 

Key Features of the SU-30MK 

1. Twin-Engine Power. The aircraft is powered by two engines that provide 

excellent thrust, allowing it to reach speeds of up to 2,100 km/h.  

2. Advanced Avionics. The SU-30MKI is equipped with state-of-the-art 

radar and avionics, including a Phased Array Radar and Electronic 

Warfare Systems, which enhance its ability to detect and track targets in 

difficult environments. 

3. Super Manoeuvrability. The aircraft features a thrust vectoring control 

system that allows it to perform highly manoeuvrable actions, making it an 

excellent choice for air combat. 

4. Multirole Capability. The SU-30MKI is designed to handle multiple 

mission types. It can engage in air-to-air combat (fighting other aircraft), 

air-to-ground strikes (attacking enemy targets on the ground), and even 

reconnaissance (gathering intelligence). 

5. Weapons Systems. The aircraft is armed with a range of weapons, 
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including air-to-air missiles, air-to-ground missiles, bombs, and a 

30mm cannon, giving it an edge in both offensive and defensive 

operations. 

Mirage 

2000 

The Mirage 2000 is a highly capable multirole fighter aircraft of French origin, 

widely used for air superiority, ground attack, and reconnaissance missions. 

Its lightweight design, powerful engine, and advanced avionics make it a 

crucial asset for the Indian Air Force. 

 

Key Features of the Mirage 2000 

1. Single-Engine Performance. The Mirage 2000 is powered by a single 

turbofan engine, which provides excellent speed and thrust. The aircraft 

can reach speeds of 2,450 km/h (Mach 2.2), making it one of the fastest 

aircraft in service with the Indian Air Force. 

2. Multirole Capabilities. It is capable of carrying out various types of 

missions, including:- 

 Air-to-air combat (fighting other aircraft). 

 Air-to-ground strikes (attacking enemy targets on the ground). 

 Reconnaissance (gathering intelligence). 

3. Advanced Avionics and Radar. The Mirage 2000 is equipped with an 

advanced radar, which allows the pilot to detect enemy aircraft and 

ground targets even in cluttered environments. 

4. Weapons Systems. The Mirage 2000 is equipped with a wide range of 

weapons, including air-to-air missiles, air-to-ground bombs, 

precision-guided munitions, and a 30mm gun. This allows it to perform 

a variety of roles, from engaging enemy aircraft to striking ground targets 

with high precision. This made it the platform of choice for the Balakot 

Strike. 

5. Ergonomically Designed Cockpit. The cockpit of the Mirage 2000 is 

designed for ease of operation, with hands-on throttle and stick 

(HOTAS) controls. This allows the pilot to focus on flying and combat 
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operations without distraction. 

6. Endurance and Range. The Mirage 2000 has a good combat radius, 

allowing it to conduct long missions without refuelling. With air-to-air 

refuelling, it can extend its operational range even further. 

Mig-29 The MiG-29 is a highly manoeuvrable and powerful multirole fighter aircraft 

of Russian origin designed for both air-to-air combat and air-to-ground 

operations. It is equipped with advanced radar systems, modern weapons, 

and a robust airframe, making it one of the most respected fighters in the 

world. 

 

Key Features of the MiG-29 

1. Twin-Engine Power. The MiG-29 is powered by two turbofan engines, 

which allow it to reach speeds of 2,400 km/h (Mach 2.25). These engines 

provide the aircraft with excellent thrust and performance during combat 

and high-speed intercept missions. 

2. Multirole Fighter. The MiG-29 is designed to perform a variety of 

missions: 

 Air-to-air combat (intercepting and fighting enemy aircraft). 

 Air-to-ground strikes (attacking enemy ground targets). 

 Reconnaissance (gathering intelligence). 

3. Superior Manoeuvrability. One of the MiG-29's standout features is its 

agility. Its aerodynamic design, coupled with digital fly-by-wire control 

systems, makes it extremely manoeuvrable, especially in close-range 

dogfights. It can perform complex and evasive manoeuvres, making it 

highly effective in air combat. 

4. Weapons Systems. The MiG-29 is armed with a wide array of weapons, 

including:- 

 Air-to-air missiles (for combat against enemy aircraft). 
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 Air-to-ground missiles and bombs (for striking ground targets). 

 30mm gun (for close-range combat). 

 The MiG-29 can carry a combination of these weapons on various 

hardpoints on its wings and fuselage. 

Jaguar The Jaguar is a low-level attack aircraft of Anglo-French origin, designed to 

carry out precision air strikes and ground support missions. The aircraft's 

rugged design, combined with its speed and agility, makes it highly effective 

in various combat scenarios. 

 

Key Features of the Jaguar 

1. Twin-Engine Power. The Jaguar is powered by two engines, which 

allow it to achieve speeds of 1,200 km/h.  

2. Multirole Capabilities. The Jaguar is primarily used for ground attack 

missions, including bombing enemy targets and providing close air 

support to ground troops. It can also be used for reconnaissance 

(gathering intelligence) and training purposes. Its primary role is to 

undertake low level deep penetration strike missions. 

3. Weapons Systems. The Jaguar is equipped with a wide range of 

weapons, including:- 

 Bombs and precision-guided munitions (for striking enemy ground 

targets). 

 Air-to-ground missiles (for more precise, long-range attacks). 

 Cannons (for close-range engagements). 

 The aircraft can carry these weapons on various hardpoints located on 

its wings and fuselage. 

4. Advanced Avionics and Radar. The aircraft is equipped with advanced 

avionics, including a terrain-following radar, which helps it fly at low 

altitudes while avoiding obstacles. This radar allows the Jaguar to make 

precise attacks, even in poor visibility conditions, such as during night 
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operations or in bad weather. 

5. Upgrades for India (Jaguar DARIN Program). The Indian Jaguar fleet 

has undergone several upgrades under the DARIN program (Digital 

Airborne Reconnaissance and Integrated Navigation), which enhanced its 

avionics, radar, and weapons systems, making it more effective in 

modern combat. 

6. Combat Experience. The Jaguar has been used extensively in combat 

operations, including in Kargil (1999), where it performed critical strike 

missions, and more recently in counter-insurgency operations. Its role 

in the air-to-ground missions was particularly valuable in providing close 

support to Indian Army troops. 

 

TRANSPORT AIRCRAFT 

DO-228 The Dornier aircraft, specifically the Do 228, is a light, twin-engine 

aircraft of German origin used for a variety of roles by the Indian Air 

Force. It is especially useful for operations in remote areas where larger 

transport aircraft may not be able to operate effectively. In the IAF the 

aircraft is primarily used in training ab-initio transport pilots. 

 

Key Features of the Dornier Aircraft 

1. Twin-Engine Reliability. The Dornier aircraft is powered by two 

turboprop engines.  

2. Multirole Capabilities. The Dornier aircraft is extremely versatile 

and can be used for several different tasks, such as: 

 Transporting personnel and cargo to remote or forward-

operating locations. 

 Search and rescue missions, particularly in coastal and 

mountainous regions. 

 Surveillance and reconnaissance (gathering intelligence and 
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monitoring borders or natural disasters). 

 Airborne medical evacuation, which is essential in emergencies 

or difficult-to-reach areas. 

An-32 The Antonov An-32 is a medium-lift transport aircraft developed by 

the Ukrainian company Antonov. It is designed to transport cargo and 

personnel and is one of the key aircraft in the Indian Air Force's (IAF) 

transport fleet. It is particularly well-suited for operations in remote and 

mountainous areas, which is why it plays a critical role in logistics and 

supply missions. 

Key Features of the An-32 Aircraft 

1. Twin-Engine Power. The An-32 is powered by two turboprop 

engines, providing it with a maximum speed of around 550 km/h. 

These engines make the aircraft efficient for long-range flights, 

carrying significant payloads over large distances. 

2. Heavy Cargo Transport. The primary role of the An-32 is to 

transport heavy cargo. It can carry up to 6.7 tonnes of cargo 

inside its cargo hold. 

3. Ability to Operate in Extreme Conditions. The An-32 is specifically 

designed to handle operations in extreme weather conditions, such 

as high-altitude environments (like the Himalayas) or hot and 

humid tropical areas. It can operate in both cold and hot 

climates, making it ideal for India's diverse geographical landscape. 

4. Multirole Capabilities. The An-32 can be used for a variety of roles, 

such as:- 

 Transporting troops and equipment to forward-operating 

bases. 

 Carrying humanitarian aid during natural disasters. 

 Dropping supplies to remote or cut-off areas. 

 Paratrooper operations (airborne operations to drop soldiers or 

equipment. 

C-130 J C-130J Super Hercules is a multirole tactical transport aircraft of US 

origin that plays a key role in the Indian Air Force’s (IAF) logistical 

operations. Whether it’s carrying troops, military equipment, 

humanitarian supplies, or performing combat operations, the C-130J 
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excels at getting the job done in challenging conditions.  

 
 

Key Features of the C-130J Aircraft 

1. Advanced Engines and Speed. The C-130J is powered by four 

turboprop engines. These engines give it a maximum speed of 670 

km/h (415 mph), allowing it to travel quickly and efficiently over long 

distances. It has a cruising range of up to 3,800 km, allowing it to 

perform long-range missions. 

2. Multirole Capabilities. The C-130J is designed to carry out a variety 

of roles, including:- 

 Transporting heavy cargo, such as military vehicles, supplies, 

and equipment. 

 Paratrooping operations, dropping soldiers and equipment from 

the aircraft. 

 Humanitarian aid missions, delivering essential supplies to 

disaster-stricken areas. 

 Special operations, including search and rescue, medical 

evacuations, and covert missions. 

3. Short Takeoff and Landing (STOL). One of the standout features of 

the C-130J is its STOL capability, which allows it to take off and 

land on short, unprepared airstrips. This feature makes the aircraft 

ideal for operations in remote, rugged locations, such as the 

Himalayas or desert regions where long runways are not available. 

This was the first transport aircraft to land at the high altitude airstrip 

of Daulat Baig Oldie (DBO). 

4. Cargo and Personnel Capacity. The C-130J is capable of carrying 

up to 20 tons of cargo or up to 92 paratroopers 

5. Modern Avionics and Systems. The C-130J is equipped with 

advanced avionics and a digital cockpit, making it easier to 

operate, especially during night operations or in challenging 
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weather conditions. The C-130J can be refueled in the air, which 

significantly extends its range.  

C-17 The C-17 Globemaster is a heavy-lift strategic transport aircraft of 

US origin that plays a vital role in rapid deployment and logistical 

support. Whether it's carrying large military equipment, tanks, heavy 

vehicles, or humanitarian aid, the C-17 is designed for versatility and 

can operate in a variety of conditions. It is one of the most capable 

aircraft in the Indian Air Force's fleet. 

 

Key Features of the C-17 Aircraft 

1. Massive Cargo Capacity. The C-17 can carry up to 77 tons of 

cargo.  

2. Advanced Engine Power. The C-17 is powered by four turbofan 

engines which provide it with a cruising speed of around 830 km/h 

(515 mph) and a range of approximately 4,500 km.  

3. Air-to-Air Refueling. The C-17 can be refueled in the air, which 

extends its operational range. This allows the aircraft to undertake 

long-duration missions, such as strategic deployments or 

international humanitarian aid, without the need to land for 

refueling. 

Embraer 

2000 

The Embraer 2000 is a regional jet aircraft manufactured by the 

Brazilian aerospace company Embraer. The Indian Air Force (IAF) 

uses this aircraft in various roles, with the most notable being its 

airborne surveillance and early warning capabilities, which are crucial 

for maintaining air defence and ensuring the security of Indian airspace.  
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Key Features of the Embraer EMB 145 Aircraft 

The Embraer 145 is a versatile aircraft that can be equipped for 

several roles, but the most important role for the IAF is its use as the 

Embraer 145 AEW&C (Airborne Early Warning and Control). This 

variant is equipped with advanced radar systems and electronic 

sensors to detect and track airborne threats such as fighter jets, 

missiles, and other aerial objects. The IAF also utilizes Embraer in the 

VVIP and VIP role. Air HQ Communication Squadron operates this 

aircraft and it has maintained a flawless incident/accident free track 

record till date. 

1. Advanced Surveillance Systems. The Embraer 145 AEW&C is 

equipped with a large phased-array radar mounted on top of the 

aircraft's fuselage, which allows it to detect airborne targets at great 

distances. This makes the aircraft an essential tool for air 

surveillance and early warning, enabling the IAF to identify and 

respond to potential threats long before they reach Indian airspace. 

2. Crew and Capacity. The Embraer 145 can carry a crew of 3 to 5 

personnel, including pilots, system operators, and maintenance 

personnel. Speed and Range: The Embraer 145 has a maximum 

speed of around 870 km/h (541 mph) and a range of approximately 

2,000 km.  

Boeing 737-

200 

The Boeing 737-200 is a short to medium-range twin-engine jet 

airliner, originally designed for commercial use but later modified for 

military operations by the Indian Air Force. The aircraft is mainly used in 

VIP roles and communication tasks. 

 

Key Features of the Boeing 737-200 

1. Capacity and Versatility. The Boeing 737-200 can carry a range of 

passengers and cargo. It is capable of seating up to 120 

passengers, depending on the configuration. 
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HELICOPTERS 

Chetak The Chetak is a light utility helicopter of French origin designed to 

carry out a variety of missions, including transportation of personnel 

and cargo, search and rescue, air surveillance, and medical 

evacuation. 

 

Key Features of the Chetak Helicopter 

1. Multi-role Versatility. The Chetak is capable of performing a wide 

range of tasks. Some of its key roles include:- 

 Transporting personnel and cargo. It can carry up to 6 

passengers or small loads, such as military supplies and 

equipment. 

 Search and rescue. The Chetak is often deployed in rescue 

operations, particularly in remote areas or places where other 

vehicles cannot access. 

 Medical evacuations. It is used for airlifting injured personnel, 

providing quick access to medical care in emergencies. 

 Surveillance and reconnaissance. The Chetak can be used for 

patrolling and gathering intelligence over land or sea. 

2. Lightweight and Agile. The Chetak is a lightweight helicopter 

that is easy to maneuver, making it ideal for operations in confined 

spaces or challenging terrains.  

3. Performance and Speed. The Chetak can reach speeds of up to 

220 km/h (137 mph), with a range of about 550 km. 
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Cheetah The Cheetah is a multi-role light helicopter of French origin used by 

the Indian Air Force (IAF) for various tasks, including transport, 

reconnaissance, search and rescue, and medical evacuation. It has 

earned a reputation for its reliability, maneuverability, and ability to 

operate in extreme conditions, such as high altitudes and remote 

locations. 

 

Key Features of the Cheetah Helicopter 

1. Lightweight and Agile. The Cheetah is a small, lightweight 

helicopter designed for quick deployment and high agility. It 

weighs around 1,000 kg and has a maximum speed of 

approximately 190 km/h. Its lightweight design makes it highly 

maneuverable, allowing it to operate in confined spaces and 

difficult terrains like mountainous regions and dense forests. 

2. High Altitude Operations. One of the Cheetah's standout features 

is its ability to perform in high-altitude environments. It is often 

deployed in the Himalayan region, including Siachen Glacier, one 

of the world’s highest battlefields. The Cheetah is capable of 

operating in areas with low air density, which is important for 

missions in places where most helicopters cannot fly due to thin air 

at high altitudes. The Chital, a modified variant of Cheetah, equipped 

with Turbomeca TM-333 2B2 engine (used in ALH) has a much 

better thrust to weight ratio and is being extensively utilized in 

Siachen glacier. 

3. Multi-role utility Helicopter. The Cheetah is used in a variety of 

roles similar to the Chetak. 

4. Crew and Payload. The Cheetah typically operates with a pilot and 

a co-pilot or crew member. It can carry upto 3 passengers. 

Mi-17 V5 The Mi-17 V5 is a multi-role, medium-lift helicopter that plays a 

crucial role in a wide range of missions for the Indian Air Force. The 

Mi-17 V5 can carry out missions such as transporting personnel and 

cargo, airlifting heavy loads, search and rescue operations, and 

disaster relief, among others. 
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Key Features of the Mi-17 V5 Helicopter 

1. Multi-role Capabilities. The Mi-17 V5 is known for its multi-role 

capabilities, which means it can perform a wide range of tasks. 

2. Combat support. The Mi-17 V5 can also be deployed for combat 

support operations, carrying troops or supplies to forward locations 

in combat zones. 

3. Advanced Avionics and Technology. The Mi-17 V5 comes 

equipped with state-of-the-art avionics and navigation systems 

4. Powerful and Efficient Engines. The Mi-17 V5 is powered by two 

turbo shaft engines, which provide high power and reliability.  

5. Versatile Interior. The interior of the Mi-17 V5 is designed to be 

highly adaptable. The cabin can be configured in multiple ways 

depending on the mission, allowing it to carry:- 

 Passengers (up to 24 soldiers or personnel). 

 Cargo (using internal space for supplies or equipment). 

 Heavy external loads using sling operations. 

Mi-35 The Mi-35 is a heavily armed, multi-role combat helicopter of 

Russian origin, designed for various military operations, from ground 

attack to troop transport. The Mi-35 is primarily used for close air 

support, anti-tank operations, and logistical transport of soldiers 

and equipment in combat zones. 
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Key Features of the Mi-35 Helicopter 

1. Combat and Attack Capabilities. The Mi-35 is known for its heavy 

firepower, making it effective in ground attack and close air 

support missions.  

2. Troop Transport Role. The Mi-35 is designed not just as an attack 

helicopter but also for troop transport. It can carry up to 8 fully 

armed soldiers in its spacious cabin.  

3. Helicopter Gunship Design. The Mi-35 has a distinct gunship 

design, with a heavy armoured body and reinforced fuselage, 

making it capable of withstanding enemy fire.  

4. Powerful Engine and Performance. The Mi-35 is powered by two 

engines, which give it the ability to reach a maximum speed of 

around 300 km/h and operate at a ceiling of 5,500 meters 

AH-64 

Apache 

The AH-64 Apache is a dedicated attack helicopter developed by 

Boeing (USA) and used by many armed forces around the world, 

including the Indian Air Force (IAF). 

 

Key Features of the AH-64 Apache Helicopter 

1. Powerful Weaponry. The Apache is equipped with a wide array of 

highly effective weapon systems for combat operations.  

2. Highly Maneuverable and Agile. The Apache is designed to be 

highly maneuverable and can perform quick maneuvers, 

hovering, and low-altitude operations while staying out of reach of 

enemy fire. Its speed (around 280 km/h) and agility make it capable 

of evading threats while engaging ground targets. 

3. Protection and Survivability. The AH-64 Apache is built with a 

focus on survivability in hostile combat zones. Key features include 

Armored Cockpit, Self-Sealing Fuel Tanks and Electronic 

Countermeasures (ECM). 

CH-47 

Chinook 

The CH-47 Chinook is a heavy-lift transport helicopter used by the 

Indian Air Force (IAF). Manufactured by Boeing, the Chinook is 

capable of carrying heavy loads, troop transport, and equipment in 

difficult and rugged environments. This helicopter plays a critical role in 
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providing logistical support during military operations, disaster 

relief, and humanitarian missions. 

 

1. Heavy-Lift Capability. The CH-47 Chinook is specifically designed 

to carry heavy loads, making it one of the most versatile transport 

helicopters in the world. It has the capacity to carry up to 10,886 

kilograms of cargo, including artillery, vehicles, equipment, and 

troops.  

2. Tandem Rotor System. The CH-47 is equipped with a tandem 

rotor design, which means it has two large rotors placed one in 

front of the other. This configuration provides greater lift and 

stability, allowing the Chinook to carry heavy loads while remaining 

maneuverable.  

3. Cargo and Troop Transport. The CH-47 Chinook can carry 33 

troops in addition to its heavy cargo.  

 

TRAINER AIRCRAFT 

Pilatus 

PC-7 

The Pilatus PC-7 is a turboprop trainer aircraft used by the Indian Air 

Force (IAF) for basic pilot training. It is a Swiss-made aircraft, specifically 

designed as a Basic Flying Trainer. The PC-7 is powered by a single 

turboprop engine. The aircraft is reliable and efficient, allowing pilots to 

learn the basics of flying, handling, and emergency procedures in a relatively 

simple and stable aircraft before transitioning to faster, more complex jet 

aircraft. 
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HJT-16 

Kiran 

The Kiran is a jet trainer aircraft used by the Indian Air Force (IAF) to train 

pilots at the intermediate stage of their flying training program. It serves as a 

bridge between basic propeller-driven trainer aircraft like the Pilatus PC-7 

and advanced fighter jets. The HAL HJT-16 Kiran was designed and 

developed by Hindustan Aeronautics Limited. 

 

Hawk The BAE Hawk is a high-performance jet trainer aircraft used by the 

Indian Air Force (IAF) for advanced pilot training. It plays a crucial role in 

training cadets to transition from intermediate training aircraft (like the Kiran 

or Pilatus PC-7) to frontline fighter jets. 

 

 

MADE IN INDIA 

LCA  

Tejas 

The LCA Tejas (Light Combat Aircraft) is a multirole light fighter 

aircraft developed by Hindustan Aeronautics Limited (HAL) for the 

Indian Air Force (IAF). It is a fourth-generation supersonic aircraft 

designed to replace older fighters in the IAF’s fleet. The Tejas 

represents a significant milestone in India’s aerospace capabilities, 

showcasing indigenous engineering and technological advancement. It 

is a vital asset for India’s defence, contributing to air superiority and 

operational flexibility. 
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Key Features of the LCA Tejas 

1. Indigenous Design and Development. The LCA Tejas is a 

completely indigenous aircraft, designed and developed by HAL 

under the Indian Ministry of Defence’s (MoD) Light Combat 

Aircraft Program.  

2. Lightweight and Agile. The Tejas is a lightweight fighter, designed 

for agility and maneuverability. It is built using advanced 

composite materials to reduce weight and enhance performance. 

Its compact design and low radar cross-section give it stealth-

like features, making it harder to detect by enemy radars.  

3. Powerful Engine. The LCA Tejas is powered by a GE F404 

engine, which gives it a top speed of 1,350 km/h. 

4. Advanced Avionics and Cockpit. The Tejas is equipped with 

state-of-the-art avionics, including a glass cockpit, digital flight 

control systems, and advanced radar systems.  

5. Multirole Capabilities. The LCA Tejas is designed to perform a 

variety of missions, making it a multirole fighter. 

6. Weaponry. The LCA Tejas is equipped with a wide range of air-to-

air, air-to-ground, and precision-guided weapons, making it a 

potent fighter in modern warfare. 

LCH 

Prachand 

The LCH Prachand (Light Combat Helicopter) is an indigenous 

attack helicopter developed by Hindustan Aeronautics Limited 

(HAL) for the Indian Air Force (IAF) and Indian Army Aviation 

Corps. 

 

Key Features of the LCH Prachand 

1. Indigenous Design and Development. The LCH Prachand is a 

100% indigenous attack helicopter, designed and developed by 

Hindustan Aeronautics Limited (HAL).  

2. Role and Purpose. The LCH Prachand is primarily designed for 

combat missions and can perform a variety of tasks such as Anti-

tank warfare, Close air support (CAS), Air defence, Search and 

rescue. 

3. Versatile Weaponry. The LCH Prachand is equipped with a wide 

range of advanced weaponry: 
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 20mm Turret Gun. For close combat and engaging ground 

targets. 

 Helina (Helicopter Launched NAG). A precision-guided 

missile designed for anti-tank warfare. 

 5-inch Rocket Pods. For area bombardment and attacking 

enemy positions. 

 Air-to-air Missiles. To defend against enemy aircraft and 

helicopter threats. 

 Guided and Unguided Bombs. To conduct targeted airstrikes 

on enemy positions. 

4. Composite Materials for Stealth. The LCH Prachand is built using 

advanced composite materials that reduce its radar cross-

section. This feature gives it a stealthy profile, making it harder for 

enemy radars to detect the helicopter. 

Dhruv Dhruv is a multi-role, twin-engine light helicopter developed by 

Hindustan Aeronautics Limited (HAL) for the Indian Armed Forces, 

including the Indian Air Force (IAF). It is a highly versatile and 

indigenous helicopter that plays a crucial role in various operations 

such as transporting troops, search and rescue missions, and 

combat operations. The Dhruv is designed to be effective in both 

peacetime operations and combat scenarios, making it a valuable 

asset for the IAF and other branches of India’s military. 

 

Key Features of the Dhruv Helicopter 

1. Indigenous Development. The Dhruv is a 100% indigenous 

helicopter developed by Hindustan Aeronautics Limited (HAL). 

The helicopter entered service with the Indian Air Force and Indian 

Army in the early 2000s. 

2. Multi-Role Capability. The Dhruv is a multi-role helicopter, 

meaning it can perform a variety of tasks. 

3. Twin-Engine Design. The Dhruv features two engines, which 

provide redundancy in case one engine fails, improving the 
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helicopter’s safety.  

4. Designed for High-Altitude Operations. The Dhruv is specifically 

designed to operate in high-altitude areas and rough terrains, 

such as the Himalayan region. It can carry out missions at altitudes 

of up to 6,000 meters (20,000 feet), which is vital for operations in 

border regions like Siachen Glacier and the Ladakh region. 

5. Advanced Avionics and Systems. The Dhruv is equipped with 

modern avionics (electronic systems), making it highly efficient in 

various operations. Some of its advanced features include: 

 Glass Cockpit. Provides digital displays for better navigation 

and operation. 

 Automatic Flight Control System (AFCS). Ensures smooth 

flying even in turbulent conditions. 

 Day and night Operational Capability. Equipped with night 

vision goggles (NVG) and infrared sensors, enabling it to 

operate in low-visibility conditions. 

6. Passenger and Cargo Capacity. The Dhruv can carry up to 16 

passengers or 1.5 tons of cargo. 

7. Armament and Combat Role. The armed version of the Dhruv is 

equipped with a 20mm gun, rockets, and guided missiles for 

anti-tank and ground attack missions.  

 

CONCLUSION  

20. The primary role of the Air Force is to safeguard the nation from any aerial threats 

and also to provide support to the Army and the Navy. Its secondary role is to provide aid to 

the civil power in maintaining law and order and in providing relief during natural calamities. 

The five operational commands through administrative wings control over 45 Fixed Wing 

Squadrons, 20 Helicopter Units and numerous surface-to-air missile squadrons with unit 

establishments varying from 12 to 18 aircraft. Visual aircraft recognition is a vital skill for 

military and defence personnel. Being able to distinguish between various aircraft types 

helps in identifying potential threats, understanding the capabilities of enemy aircraft, and 

knowing which aircraft are friendly. 
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ASSESSMENT EXERCISES 

Multiple Choice Questions  

1. Who is the chief of the Indian Air Force? 

(a)  Air Chief Marshal 

(b)  President of India 

(c)  Chief of Defence Staff 

(d)  Air Marshal 

2. Which is Delta wing aircraft? 

(a)  Hawk 

(b)  Jaguar 

(c)  Kiran 

(d)  Tejas 

3. Which is high Tail aircraft? 

(a)  Mig-21 

(b)  Avro 

(c)  Sukhoi-30 MKI 

(d)  IL-76 

4. Name single engine aircraft? 

(a)  C-130 J 

(b)  C-17 

(c)  Mig-21 

(d)  Jaguar 

5. C-295 is ________ aircraft? 

(a)  Transport 

(b)  Fighter 

(c)  Helicopter 

(d)  RPAS 
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6. Jaguar is ________(mark the correct option)? 

(a)  Low level attack aircraft 

(b)  Cargo aircraft 

(c)  has turbo prop engine  

(d)  Single Engine aircraft. 

7. Which of the following is Trainer Aircraft? 

(a)  AN-32 

(b)  Mirage 

(c)  Avro 

(d)  PC-7 Pilatus 

8. Which of the following is VIP Aircraft? 

(a)  Embraer 

(b)  AN-32 

(c)  C-130J 

(d)  Mig-29 

9. What is the name of Heavy lift transport Aircraft? 

(a)  Chinook 

(b)  Cheetah 

(c)  Chetak 

(d)  Mi-35 

10. Which is the attack helicopter? 

(a)  Mi-8 

(b)  Mi-17 

(c)  Chetak 

(d)  Apache 
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Answer the following questions 

1. Types of aircrafts in IAF inventory. 

2. Name 5 fighter aircrafts. 

3. Name any two made in India aircrafts. 

4. What is the country of origin of AN-32? 

5. Name any two attack helicopters. 

6. Country of origin of Apache attack helicopter. 

7. What are the various methods to identify the aircrafts? 

8. Country of origin of Rafale. 

9. Name any 5-transport aircraft. 

10. Country of origin of Embraer aircraft. 

Short Notes 

1. Write a short note on organization of Indian Air Force. 

2. Write a short note on history of Indian Air Force. 

3. Write a short note on Rafale multirole aircraft. 

4. Write a short note on attack helicopters. 

5. Write a short note on the branches of Indian Air Force. 
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GENERAL SERVICE KNOWLEDGE (SD/SW) 

CHAPTER  III : MODERNIZATION OF IAF (MOAF) 

 

 

TEACHING INSTRUCTIONS 

Period :  03 (Three) 

Type :  Lecture 

Year :  1st Yr SD/SW 

Conducting Officer :  Permanent Instructor  

Training Aids  : Classroom, OHP, Board, Screen, Pointer, 

Marker, Book Flagged, or Lesson Plan, File 

and Aircraft  Model. 

Time Plan 

 Part I :  40 Mins 

 Part II :  40 Mins 

 Conclusion and Practice  :  40 Mins 
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INTRODUCTION 
 

1. Use of science and technology in every field always improves the work efficiency, 

reduces the workload and increases the production rate. Lot of technological improvements 

has taken place in the field of aviation also. Since the mid-1960s, computer technology has 

been continuously developed to the point at which aircraft and engine designs are fully 

automated. In this chapter, we will learn about the list of modern inventions or equipment 

that has revolutionized the field of aviation. Autopilot, Flyby Wire, UAV, Glass cockpit 

Technology etc. are the gifts of modern technology. 

  

PART I: LATEST TRENDS IN AVIATION 

2. Autopilot. In the early days of aviation, aircraft required continuous attention of a 

pilot in order to fly safely. As aircraft range increased allowing flight of extended hours, the 

constant attention led to serious fatigue for the pilot. An autopilot system is designed to 

perform some of the tasks of the pilot. A single-axis autopilot controls an aircraft in the roll 

axis only. An aircraft is controlled on pitch and roll axis with the help of two-axis autopilot. A 

three axis auto pilots controls aircraft in all three axis. Computer software is used in modern 

autopilot to control the aircraft. The software reads the aircraft’s current position, and then 

controls a Flight Control System to guide the aircraft. 

3. Fly by Wire (FBW). It is a system that replaces the conventional manual flight 

controls of an aircraft with an electronic interface. The movements of light controls are 

converted to electronic signals transmitted through wires (hence the fly-by-wire term), and 

flight control computers determine how to move the actuators at each control surface to 

provide the ordered response. The fly-by-wire system also allows automatic signals sent by 

the aircraft's computers to perform functions without the pilot's input and automatically help 

stabilize the aircraft. 

4. Fly by Optics. It is sometimes used instead of fly-by-wires since it can transfer data 

at higher speeds because of the use of fibre cables in place of electrical cables. 

 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Latest Trends in Aviation 

(b) Part II: New Acquisitions of IAF 

LEARNING OBJECTIVES 

Basic understanding of the Indian armed 

forces, their organisation and structure. 

 Basic understanding of latest trends in 

aviation. 

 New acquisitions of IAF in making it a 

modern aerospace power. 

 Aircraft inventory 
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UAVs 

 

5. The UAV stands for Unmanned Aerial Vehicle. UAVs are type of aircraft which are 

designed in a way that it doesn’t require any pilot to be on board. UAVs can be controlled 

remotely (e.g. flown by a pilot at a ground control station) or can fly autonomously based on 

pre- programmed flight plans. UAVs are currently used for a number of missions, including 

reconnaissance and attack roles. They are predominantly deployed for military applications, 

but also used in a small but growing number of civil applications, such as firefighting and 

nonmilitary security work, such as surveillance of pipelines. UAVs are often preferred for 

missions that are too 'dull, dirty, or dangerous' for manned aircraft. They are classified as 

per following criteria:- 

(a) Target and Decoy. Provides ground and aerial target to simulate an enemy 

aircraft. 

(b) Reconnaissance. Providing battlefield intelligence. 

(c) Combat. Providing attack capability for high-risk missions. 

(d) Endurance. Because UAVs are not burdened with the physiological 

limitations of human pilots, they can be designed for maximized on-station times. 

The maximum flight duration of unmanned, aerial vehicles varies widely. Internal-

combustion-engine aircraft endurance depends strongly on the percentage of fuel 

burned as a fraction of total weight and so is largely independent of aircraft size. 

6.  Air to Air Refueller. Air to Air refuelling (AAR) is a process where fuel is transferred 

from one aircraft to another while both are in flight. The aircraft that provides the fuel in 

called the tanker and the aircraft that receives the fuel is called the receiver. AAR is also 

known as aerial refueling, In-Flight refueling or tanking. AAR is used is used for Military 

purposes and is not used in civilian applications. It allows the receiver to stay airborne as 

far as the crew can tolerate or until engine factors like engine oil consumption limits it. In 

IAF, IL-78 is used as tanker for Air to Air Refueling. 
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7. AWACS. The Indian Air Force has multiple Airborne Warning and Control Systems 

(AWACS) aircrafts, including Israeli Phalcon AWACS and Netra AEW&C system. AWACS 

aircrafts are also known as “eye in the sky”. 

(a)  Phalcon AWACS. The IAF operates three Israeli Phalcon AWACS aircraft 

that provide 360 degree coverage. The Phalcon AWACS is a product of cooperation 

between India, Israel and Russia. PHALCON AWACS employs a phased array 

PHALCON RADAR on an IL-76 platform. 

 

(b) Netra AEW&C System. It is an indigenously developed system, designed to 

reduce India's dependency on foreign AEW&C platforms. The NETRA system has 

been developed by DRDO, with support from other agencies like Indian Air Force, 

HAL (Hindustan Aeronautics Limited), and ISRO. The Netra AEW&C system 

offers 240 degree coverage. In this system, the indigenously developed RADAR is 

mounted on Embraer EMB-145 platform. The NETRA radar has a range of around 

250-300 kilometres, depending on the altitude at which the aircraft is flying. The 

Netra Mk-1 AWACS played a key role in Balakot operation by providing air 

situational awareness to IAF fighter pilots. 

8. Glass Cockpit. Before 1970’s aircraft were not sufficiently demanding to require 

advanced equipment like electronic flight displays. Also, computer technology was not at a 

level where sufficient light and powerful circuit were available. The increasing complexity of 
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transport aircraft, the advent of digital systems and growing air traffic congestion around 

airports began to change that. 

9. The average transport aircraft in the mid-1970 had more than one hundred cockpit 

instruments and controls and the growing number of cockpit elements were competing for 

Cockpit space and pilot attention. As a result, NASA conducted research on displays that 

could process the raw aircraft system and flight data into an integrated, easily understood 

picture of the flight situation, finally culminating in a full glass cockpit system. A glass 

cockpit is an aircraft cockpit that features electronics instrument displays rather than 

mechanical gauge. A glass cockpit uses displays driven by flight management system that 

can be adjusted to displays flight information as needed. This simplifies aircraft operation 

and navigation and allows pilot to focus only on the most pertinent information. 

 

PART II: NEW ACQUISITIONS OF IAF 

10.  Rafale. The Rafale is a multi-role fifth generation fighter aircraft inducted into the Indian 

Air Force (IAF) in 2019, 

manufactured by Dassault Aviation of 

France. Known for its versatility, it 

excels in air superiority, ground 

attack, reconnaissance, and nuclear 

deterrence. The Rafale is equipped 

with advanced features like the AESA 

(Active Electronically Scanned Array) 

radar, SPECTRA electronic warfare 

system, and a glass cockpit, 

providing superior situational awareness and operational flexibility. Powered by the M88-2 

engines, it can reach speeds of Mach 1.8 and has a combat range of 1,000 km, making it 

highly effective for both defensive and offensive missions. The IAF operates 36 Rafales. 

11. C-295. The C-295 is a versatile, medium-lift transport aircraft recently inducted into the 

Indian Air Force (IAF) to enhance its airlift capabilities. Manufactured by Airbus Defence and 

Space, the C-295 is designed for a variety of missions, including troop transport, cargo airlift, 

disaster relief, and medical evacuations. It can carry up to 71 soldiers or 5 tons of cargo and 
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has a remarkable ability to operate from short and rugged airstrips, which is particularly useful 

in remote and difficult-to-reach areas.In addition to its primary role of transport, the C-295 can 

also be equipped for specialized tasks such as surveillance, search and rescue, and maritime 

patrol. The IAF has plans to induct around 56 C-295 aircraft to replace the aging fleet of Avro 

HS-748 aircraft, which have been in service for over five decades. 

 

12. S-400 TRIUMF. The S-400 Triumf is an advanced air defence missile system that 

has been inducted into the Indian Air Force (IAF) to enhance the country’s defence 

capabilities against aerial threats. Manufactured by Russia, the S-400 is designed to 

detect, track, and destroy a wide range of aerial targets, including aircraft, cruise missiles, 

and ballistic missiles, at varying altitudes and distances. It has a striking range of up to 400 

kilometres, making it one of the most advanced long-range surface-to-air missile systems 

in the world. The S-400 can track over 100 targets simultaneously and engage up to 6 

targets with multiple missiles, making it highly effective in countering multiple threats at 

once. For India, the S-400 is a crucial addition to its air defence network, offering a robust 

shield against potential air and missile attacks. Its integration into the Indian Air Force 

provides comprehensive defence against modern aerial threats, enhancing the country's 

strategic deterrence and national security.  
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CONCLUSION  

13. The Indian Armed Forces have undergone significant modernization in recent years, 

with investments in areas such as futuristic soldier systems and missile defence systems. 

14. From the raising of Air Force, it has seen various changes and is marching towards 

the modernization. Since it is the youngest force, it has the responsibility of defending the 

Air territory of our country. It is the eye in the sky and has the nature which is devastating 

for the enemy of the country. 

15. Many factors are involved in making an identification of an aircraft. Some of these 

are size, viewing angle, visibility, aircraft finish, visual characteristics, colour and external 

markings. India has a vast inventory of Aircraft. Cadets should be able to recognize and 

identify the various Fighter/Transport aircraft and Helicopters. 
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ASSESSMENT EXERCISES 

Multiple Choice Questions (MCQs) 

1.  Which of these aircraft is used as air-to-air refueler? 

 (a)  IL-76   (b)  AN-32   

 (c)  IL-78   (d)  Embraer 

2.  Degree of coverage of NETRA AEW & C? 

(a)  240   (b) 180   

(c) 200   (d) 120 

3.  Country of origin of Chinook? 

(a)  UK   (b)  Brazil   

(c)  USA   (d) France 

4.  Country of origin of Rafale 

 (a)  USA   (b)  Italy  

 (c)  France  (d)  Russia 

5.  Country of origin of C-295? 

 (a)  Spain   (b)  France  

 (c)  Russia  (d)  USA 

6.  Country of origin of S-400? 

 (a)  India   (b)  Russia  

 (c)  UK   (d)  Germany 

7.  Degree of coverage of Israeli AWACS with Phalcon radar? 

 (a) 300   (b) 360   

 (c) 180   (d) 90 

8.  Number of hard points to carry weapons in Apache attack helicopter? 

 (a) 4   (b) 2   

 (c) 8   (d) 6 

9.  Operational range of s-400? 

 (a) 100kms  (b) 250kms   

 (c) 300kms  (d) 400kms 

10.  Number of troops that can be carried in C-295? 

(a) 120   (b) 100   

(c) 50   (d) 71 
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Long Answer Type Questions 

1. What is S-400 TRIUMF. 

2. Write a note on Air to Air refuelling. 

3. Write a note on C-295 aircraft. 

4. Write difference between Netra AEW&C and AWACS. 

Short Answer Type Questions  

1.  Write a short note on autopilot. 

2.  Write a short note on FBW. 

3.  Write a short note on UAV. 

4.  Write a short note on AAR 

5.  Write a short note on Glass Cockpit. 
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GENERAL SERVICE KNOWLEDGE (SD/SW) 

CHAPTER  IV : MODES OF ENTRY IN IAF AND CIVIL AVIATION (MOE) 

 

 

 

 

TEACHING INSTRUCTIONS 

Period :  03 (Three) 

Type :  Lecture 

Year :  1st Yr SD/SW 

Conducting Officer :  Permanent Instructor 

Training Aids :  Classroom, OHP, Board, Screen, Pointer, Marker, 

Book Flagged, or Lesson Plan, File and Aircraft 

Model. 

Time Plan 

 Part I :  35 Mins 

 Part II :  35 Mins 

 Part III :  30 Mins 

 Conclusion and Practice  :  20 Mins 
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INTRODUCTION 
 

  

PART I: OFFICER ENTRY 

1. Officer Entry. An officer is a member of an armed force or uniformed service who 

holds a position of authority. In order to lead and control, the ability to motivate yourself, 

inspire others and make tough decisions efficiently is very crucial. Lessons in teamwork, 

developing communication skills and confidence, honing strategic and dynamic thinking are 

grilled into an Officer during their training. The Air Force teaches all, not only making men 

and women of young boys and girls but making them leaders in life. An officer’s strength of 

character and strong moral compass make him/her stand out from the crowd at all times. 

Followings are the essential requirements for entry in the IAF to become Commissioned 

Officer:- 

Branch/ Type 

of Entry 

Educational Qualification Age Limit Advertisement 

Schedule 

Flying Branch 

National Defence 
Academy (NDA)  

For Men & Women 

10+2 With Physics, Chemistry & 
Math 

16 1/2 – 

19 1/2 

Mar/Oct 

Combined 
Defence Service 
(CDSE) 

For Men & Women 

Any Grad. With Physics & 
Math10+2 or BE 

19-25 Apr/Sep 

Air Force Common 
Entrance Test 
(AFCAT)  

for both Men & 
Women 

Any Grad. With 60% marks 20-24 (Flying) 

20-26 (Tech & 
Non-tech 

branch) 

Jun/Dec 

NCC Special Entry Any Grad. with Physics & Math 19-25 Jun/Dec 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Officer Entry 

(b) Part II: Air warrior Entry 

(c) Part III: Civil Aviation 

LEARNING OBJECTIVES 

Basic understanding of the Indian armed 

forces, their organisation and structure 

 Basic understanding of entry as an 

officer in IAF. 

 Entry as an air warrior. 

 Entry into civil aviation. 
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at10+2 or BE & NCC Air Wing 
Sr Div.“C’ Certificate 

Technical Branch:  PC For Men/ SCC For Both 

Aeronautical 
Engineering 
(Electronics) 

Aeronautical 
Engineering 
(Mechanical) 

 

First class degree in 
Engineering  

18-28 Feb/Aug 

Ground Duty Branch:  PC For Men/ SCC For Both 

Administration First Class Graduate or PG in 20-23 Mar/Sep 

Logistics and 
Accounts 

Subjects as per Advertisement 20-25 

Education  PG in subjects as per 
advertisement 

20-25 Mar/Sep 

Meteorology Graduation with 60 % marks in 
science subjects 

20-23 Mar/Sep 

 

PART II: AIR WARRIOR ENTRY 

2. Regular Entry. Followings are the essential requirements for entry in the IAF to 

become Airman:- 

Group Age on 
Enrolment 

Date 

Educational Qualification 

Group ‘Y’ 
(Med Asst) 
Trade 

17-21Years Passed Intermediate/10+2/Intermediate/equivalent exam with 
Physics, Chemistry, Biology and English with a minimum of 
50% marks in aggregate. 

 

3. Agniveer Entry. The Agniveer scheme is a revolutionary initiative launched by the 

Government of India to bring in fresh, young talent to serve in the Indian Armed Forces, 

including the Indian Air Force (IAF). This program offers a unique opportunity for young 

individuals to join the IAF for a fixed period of four years, with the possibility of subsequent 

career opportunities based on performance and the needs of the Air Force. The Agniveer 

scheme is part of the government’s broader efforts to modernize the Armed Forces and 

create a youthful, dynamic force. 
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SCHEME OVERVIEW 

4. The Agniveer scheme is designed to attract young individuals between the ages of 

17.5 to 21 years to serve in the Indian Air Force for a four-year tenure. The selected 

candidates, known as Agniveers, will be trained in a variety of skills, including physical 

fitness, combat training, and technical expertise, depending on their roles within the Air 

Force. After the completion of their service, up to 25% of the Agniveers may be retained in 

the Air Force based on their performance, while the rest will be given a severance 

package and support in finding civilian employment. 

Educational Qualifications Required 

5. To join the Indian Air Force under the Agniveer scheme, candidates must meet the 

following eligibility criteria: 

(a) Age. Candidates must be between 17.5 to 21 years of age at the time of 

application. (Note: The upper age limit may be extended depending on the 

government's policy and recruitment cycle.) 

(b) Educational Qualifications. 

(i) For General Duty (GD). Candidates must have completed Class 12 

(Higher Secondary) with Physics and Mathematics as subjects. 

(ii) For Technical Trades. Candidates must have completed Class 12 with 

Physics, Mathematics, and English or have a three-year engineering diploma in 

relevant trades (like electronics, mechanical, or electrical engineering). 

(iii) For Non-Technical Trades. A Class 12 certificate in any stream 

(Science, Arts, or Commerce) is required, depending on the specific role. 

(iv) For Medical Assistants. Candidates must have completed Class 12 

with Biology, Chemistry, and Physics.  

(v) For Airmen (Security and Administrative Roles). A Class 12 pass 

with any stream or equivalent educational qualification is sufficient. 

PART III: CIVIL AVIATION 

6. India's civil aviation industry has experienced exponential growth over the past few 

years and is poised to become the third-largest aviation market in the world by 2025. This 

growth is driven by increasing air travel demand, both domestically and internationally, the 

expansion of airports, the rise of low-cost carriers, and the government's efforts to improve 

air infrastructure. As a result, the aviation sector offers numerous career opportunities for 

both undergraduate and graduate students. NCC cadets have several opportunities in civil 

aviation, especially in roles that emphasize leadership, discipline, and teamwork. This 
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chapter outlines the various career options available in India’s civil aviation sector and the 

qualifications required to pursue them. 

7.  Pilot. One of the most coveted career options in the aviation industry is becoming a 

pilot. Pilots are responsible for flying aircraft and ensuring the safety of passengers and 

crew. There are two main types of pilots: 

(a) Commercial Pilot. A commercial pilot is licensed to operate aircraft for 

commercial purposes. To pursue this career, students need to complete a 

Commercial Pilot License (CPL) from a recognized aviation training academy. 

(b) Airline Transport Pilot. This is the highest level of certification for pilots, 

allowing them to act as captain on large commercial aircraft. To become an airline 

transport pilot, students must have a CPL, a Class 1 medical certificate, and 

complete the ATPL (Airline Transport Pilot License) training after gaining 

significant flying experience. 

(c) Eligibility. A minimum of 10+2 with Physics and Mathematics, or a graduate 

degree in aviation-related fields. 

(d) Training. Flight schools and academies, including the Indira Gandhi 

Institute of Aeronautics (IGIA) and Capt. Sahil Khurana Aviation Academy. 

(e) Licensing. Students need to clear exams by the Directorate General of 

Civil Aviation (DGCA). 

8.  Air Traffic Controller (ATC). Air Traffic Controllers (ATCs) are responsible for 

ensuring the safe and efficient movement of air traffic. They manage the flow of aircraft in 

the air and on the ground, providing instructions to pilots for take-off, landing, and routing. 

(a) Eligibility. Candidates must have a bachelor’s degree (preferably in 

Engineering, Physics, or Mathematics) from a recognized university. 

(b) Training. Air Traffic Controller training is provided by National Civil Aviation 

Training Academy (NCATA) and is regulated by the DGCA. 

(c) Aptitude. A high level of concentration, quick decision-making ability, and 

stress management skills are essential. 
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9. Cabin Crew (Flight Attendant). A career as a cabin crew member, or flight 

attendant, is an attractive option for those who enjoy traveling and serving passengers. 

Cabin crew members are responsible for ensuring passengers' safety, comfort, and well-

being during flights. They assist with emergency procedures, offer in-flight services, and 

provide customer support. 

(a) Eligibility. A minimum of 10+2 (Higher Secondary School) with a good level 

of physical fitness and communication skills. 

(b) Training. Airlines like Air India, IndiGo, and SpiceJet provide specialized 

training to aspirants. The training includes safety protocols, first-aid, communication 

skills, and grooming. 

(c) Additional Skills. Good interpersonal skills, customer service orientation, and 

fluency in English. 

10. Airport Operations and Management. The aviation industry requires highly trained 

professionals to manage the operations of airports, which are often large and complex 

organizations. Careers in airport operations involve managing ground handling, baggage, 

cargo, and passenger services, as well as overseeing security and emergency procedures. 

(a) Eligibility. A bachelor’s or master’s degree in Airport Management, Aviation 

Management, or related fields. Courses are available at institutions like National 

Institute of Aviation Management and Research (NIAMAR) and Institute of Air 

Transport Management (IATM). 

(b) Skills. Knowledge of airport regulations, customer service, logistics, and 

operations management. 

11.  Aviation Safety and Security. Aviation safety and security professionals ensure the 

safe and secure operation of airlines and airports. These professionals manage safety 

protocols, conduct regular inspections, monitor air traffic, and deal with security threats. 

(a) Eligibility. A bachelor’s degree in Aviation Safety, Aerospace Engineering, 

Engineering, or related fields. 

(b) Training. DGCA provides certification programs for safety management, risk 

assessment, and aviation security. 

(c) Skills. Analytical thinking, attention to detail, knowledge of aviation 

regulations, and ability to manage emergency situations. 
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12. Ground Staff (Ground Handling Services). Ground staff professionals work at the 

airport to ensure that passengers and cargo are managed efficiently. This includes check-in 

services, baggage handling, customer support, and coordination with various departments 

to ensure smooth operations. 

(a) Qualification. Eligibility: A minimum of 10+2 education, though a diploma or 

degree in Aviation Management or Travel and Tourism can be advantageous. 

(b) Skills. Communication skills, problem-solving, attention to detail, and 

teamwork. 

13. Aviation Engineering (Maintenance and Technical). Aviation engineers are 

responsible for maintaining the safety and performance of aircraft. They work on the design, 

construction, repair, and overhaul of aircraft and their systems. Aircraft maintenance 

engineers (AMEs) are certified by the DGCA and play a crucial role in ensuring the 

airworthiness of an aircraft. 

(a) Eligibility. A degree in Aeronautical Engineering, Mechanical Engineering, or 

Aerospace Engineering from a recognized institution. 

(b) Certification. To work as an Aircraft Maintenance Engineer, one must hold an 

AME license from the DGCA. 

14.  Aviation Hospitality and Customer Service. With the growing number of air 

travelers, aviation hospitality professionals focus on providing high-quality customer service 

to ensure a pleasant travel experience. Careers in aviation hospitality include roles such as 

customer service executives, ticketing agents, and reservation specialists. 

(a) Eligibility. A bachelor’s degree in Hotel Management, Aviation Management, 

or Travel and Tourism. 

(b) Skills. Strong communication, customer service skills, and problem-solving 

abilities. 
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CONCLUSION 

15.  India’s civil aviation industry offers a wide range of career opportunities for 

undergraduate and graduate students, from pilots and air traffic controllers to ground staff 

and aviation engineers. The sector is rapidly growing, driven by increasing air travel 

demand and government initiatives to improve infrastructure. Pursuing a career in aviation 

requires specialized education, training, and certifications, but it provides a rewarding path 

for those passionate about the industry. Cadets should explore various fields within aviation 

to find the best-fit career, considering their interests, skills, and educational background. 
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PRINCIPLES OF FLIGHT (SD/SW) 

CHAPTER  I : ELEMENTARY MECHANICS (EM) 

“A ship is always safe at the shore, but that is not what it is built for” 
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INTRODUCTION 

 

1. It is essential to have a basic knowledge of elementary mechanics to understand the 

various Principles of Flight, because both the aircraft and the atmosphere in which it flies 

are subject to the laws of mechanics. Understanding the laws of mechanics is essential for 

learning the principles of flight because flight is deeply rooted in physics, particularly in how 

forces and motion work. Here's why:- 

(a) Forces in Flight. Mechanics helps us understand the four fundamental forces 

acting on an aircraft during flight: lift, weight (gravity), thrust, and drag. These 

forces need to be balanced and controlled to achieve stable flight. The laws of 

mechanics explain how these forces interact and affect the movement of the aircraft. 

(b) Newton’s Laws of Motion. The laws of mechanics, particularly Newton’s 

laws, are crucial in understanding how an aircraft moves. For instance, Newton's 

First Law (inertia) explains why an aircraft resists changes in its motion unless a 

force is applied. Newton’s Second Law (force = mass × acceleration) helps us 

understand how the aircraft accelerates or decelerates when thrust or drag is 

applied. Newton's Third Law (for every action, there's an equal and opposite 

reaction) explains how the engines' thrust propels the aircraft forward and how the 

wings generate lift. 

(c) Aerodynamics and Pressure. Flight depends on how air moves around the 

aircraft. Mechanics, through the study of aerodynamics, helps explain the behaviour 

of air (fluid mechanics) and how changes in pressure and velocity around the wings 

generate lift. Understanding how air flows and how pressure differences are created 

(via Bernoulli’s principle, for example) is essential to understanding how flight works. 

(d) Stability and Control. Mechanics also helps explain the principles of stability 

and control in flight. The distribution of weight, center of gravity, and how forces act 

on the aircraft’s control surfaces (like ailerons, elevators, and rudders) all depend on 

mechanical principles. 

(e) Energy and Work. Mechanics explains the concept of work, energy, and 

power, which are vital when dealing with engines, fuel efficiency, and the overall 

performance of the aircraft. Without a solid understanding of these mechanical 

principles, it would be difficult to design, operate, or optimize an aircraft for safe and 

efficient flight. Essentially, mechanics provides the foundation for everything we know 

about how aircraft behave in the air. 
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PART I: BASIC DEFINITIONS 

2. Speed. Speed is the rate of change of position. Unit : feet/min, km/hretc 

3. Velocity. Velocity is speed in particular direction. Velocity is a vector quantity having 

both magnitude and direction. Units: same as speed. 

4. Mass. ‘The quantity of matter in a body.’ The mass of a body is a measure of how 

difficult it is to start or stop, (“a body”, in this context, means a substance. Any substance a 

gas, a liquid or a solid).Unit - Kilogram (kg)  

5. Weight. The force due to gravity’(F = m x g). The earth exerts a certain force 

towards its centre on all objects on its surface. This force is called Weight of the body and is 

equal to the mass of the body multiplied by the acceleration due to gravity ‘g’. Unit - Newton 

(N)  

6. Displacement. Displacement is defined as the change in position of an object. It is a 

vector quantity and has a direction and magnitude. It represented as an arrow that points 

from the starting position to the final position.  

7. Direction. Direction is the path or orientation of an object’s motion, or the location of 

something relative to something else.  

8. Acceleration. Acceleration is the rate of change of velocity. The change may be in 

magnitude or direction or in both. Thus a body moving along a circular path at constant 

speed has acceleration. 

9. Density. It is the mass per unit volume. Expressed asρ (rho). 

10. Work. A force is said to do work on a body when it moves the body in the direction in 

which the force is acting. The amount of work done on a body is the product of the force 

applied to the body and the distance moved by that force in the direction in which it is 

acting. If a force is exerted and no movement takes place, no work has been done. Unit - 

Joule (J) Example, Work = Force x Distance (through which the force is applied) 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Basic definitions  

(b) Part II: Law of Motion 

(c) Part III: Stability 

LEARNING OBJECTIVES 

Basic understanding of the Indian armed 

forces, their organisation and structure. 

 Key definitions related to aviation. 

 Laws of motion and their correlation in 

aviation. 

 Correlation of elementary mechanics 

to flying. 
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11. Power: Unit - Watt (W) - Power is simply the rate of doing work, (the time taken to do 

work) 

Example, Power (W) = Force (N) x Distance (m) 

                                                              Time (s) 

12. Energy. Mass has energy if it has the ability to do work. The amount of energy a 

body possesses is measured by the amount of work it can do. The unit of energy will 

therefore be the same as those of work, joules.  

13. Momentum.  The quantity of motion possessed by a body’. The tendency of a body 

to continue in motion after being placed in motion. Unit - Mass x Velocity (kg-m/s)  

14. Force. Is that which causes or tends to cause a change in motion of a body. ‘A push 

or a pull’. Unit - Newton (N)   

Note: F = ma 

15. Pressure. Pressure is force per unit area. Unit – Pascals  

16. Law of Conservation of Energy. The sum total of all energy in the universe 

remains constant. 

17. Moment of a Force. Moment of a force is the turning effect of the force about a point 

and is measured as the product of the force and the perpendicular distance between the 

point and the line of action of the force. 

18. Couple. A couple consists of two equal and opposite and parallel forces not acting 

through the same point. The moment of a couple is equal to the force multiplied by the 

perpendicular distance between the two lines of action. 

19. Torque. It is a measure of the rotational force applied to an object. It represents how 

much a force causes an object to rotate around an axis. 

20. Equilibrium. A body needs to fulfil the following conditions to be in equilibrium. 

(a) Translational Equilibrium. A body is in translational equilibrium if the net 

force acting on it is zero. This means the vector sum of all forces acting on the body 

cancels out. In simpler terms, this means the object is not accelerating (either 

moving at a constant velocity or at rest), as there is no unbalanced force to cause a 

change in its motion. 

(b) Rotational Equilibrium. A body is in rotational equilibrium if the net 

torque acting on it is zero. This implies that the sum of all torques (moments) about 

any point is zero, preventing the object from rotating. i.e. there is no angular 

acceleration. 
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(c) Combined Condition for Equilibrium. For a body to be in static 

equilibrium (both translational and rotational), the following conditions must hold 

good simultaneously: 

(i) The net force must be zero  

(ii) The net torque must be zero 

21. Centre of Gravity (CG). The centre of gravity (CG) is the point at which the entire 

weight of an object is considered to act. The point through which the weight of an aircraft 

acts. 

(a) An aircraft in flight is said to rotate around its CG. 

(b) The CG of an aircraft must remain within certain forward and aft limits, for 

reasons of both stability and control. Example, If it is too far forward the aircraft 

becomes nose-heavy, making it hard to lift the nose. If it is too far aft (toward the tail) 

the aircraft becomes tail-heavy, which can lead to unstable flight and even loss of 

control. 

22. Mechanical energy can be said to exist in two forms. 

(a) Potential Energy. Potential energy is the capacity for doing work that a 

body possesses because of its position or condition.  

 PE = m⋅g⋅h where: 

PE = potential energy (in joules) 

m = mass (kg) 

g = acceleration due to gravity (9.8 m/s² on Earth) 

h = height above the ground (meters) 

(b) Kinetic Energy. Unit - Joule (J) - ‘The energy possessed by mass because of 

its motion’. ‘A mass that is moving can do work in coming to rest’.  

KE=½ mv2 

KE = kinetic energy (in joules) 

m = mass (kg) 

v = velocity (m/s) 

PART II: LAWS OF MOTION 

23. Inertia. A property of matter by which it remains at the state of rest or uniform motion 

in the same straight line unless acted upon by some external force. For an aircraft, this 
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means that an airplane wants to keep doing what it’s already doing - whether that’s flying 

straight, turning, climbing, or descending, unless something forces it to change. 

24. Newton’s Laws of Motion. 

(a) First Law. A body will continue to be in state of rest or of uniform motion in a 

straight line unless acted upon by an external force. This property of all bodies is 

called inertia and a body in such a state is said to be in Equilibrium. This Law is also 

known as Law of Inertia. Examples in context of flight:- 

(i) An aircraft won’t move until a force (thrust) is applied. 

(ii) In level flight, the aircraft keeps moving at a constant speed and 

direction unless pilots or outside forces (wind, drag, etc.) act on it. 

(b) Second Law. The rate of change of momentum of a body is directly 

proportional to the applied force and takes place in the direction of the application of 

the said force. Examples in context of flight:- 

(i) The more mass an aircraft has, the more force (thrust or lift) is needed 

to accelerate or change direction. 

(ii) Explains why heavier aircraft need more runway to take off. 

(c) Newton’s Third Law of Motion. To every action, there is an equal and 

opposite reaction. 

Examples in Context of Flight 

(i) The engines push air backward → the aircraft moves forward (thrust). 

(ii) The wings push air downward → the aircraft experiences lift upward. 

(iii) Jet engines or propellers operate entirely on this principle—pushing air 

one way to move the aircraft the other way. 

PART III: STABILITY 

25. Stability in Flight. Stability refers to how well an aircraft returns to its original flight 

path after it's disturbed—like by wind, turbulence, or control input. There are two main 

types of stability to understand:- 

 

 

(a) Static Stability. Static stability is the aircraft’s initial reaction to being 

disturbed from its original position. Example, Imagine a plane flying straight and 

level. A gust of wind pitches the nose upward. 
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Now observe: what does it do immediately after? 

(i) Positive Static Stability. The aircraft starts to pitch back down toward 

its original position. 

(ii) Neutral Static Stability. The aircraft stays at the new nose-up angle. 

(iii) Negative Static Stability. The aircraft continues pitching up, moving 

further away from level. 

(iv) Gist. Static stability is about the first response to a disturbance. 

(b) Dynamic Stability. Dynamic stability is how the aircraft behaves over 

time after the initial disturbance. Continuing from the same example—after the gust 

moves the nose up, and the aircraft begins to react:- 

(i) Positive Dynamic Stability. The nose oscillates a bit, then 

settles back to level flight. 

(ii) Neutral Dynamic Stability. The nose keeps oscillating without 

stopping. 

(iii) Negative Dynamic Stability. The oscillations get worse over time, 

leading to a loss of control. 

 

(iv) Gist. Dynamic stability is about the long-term response. 
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Stability - Summary 

Concept Definition Remarks 

Static stability Initial reaction to disturbance Does it start to return to 
original position? 

Dynamic Stability Long-term behaviour after 
disturbance 

Does it settle down or get 
worse over time? 

 

CONCLUSION 

26. Elementary mechanics, based on Newton's three laws of motion, forms the 

foundation for understanding how and why aircraft fly. The first law explains how an aircraft 

maintains its motion unless it is acted on by a force (like thrust or drag), the second 

law shows how mass and force determine acceleration (essential for take-off and climbing), 

and the third law explains how thrust works through action and reaction. These laws help us 

understand the balance of four main forces in flight: lift, weight, thrust, and drag. 

27. Stability in flight depends on how the aircraft responds to disturbances. This is 

influenced by the centre of gravity (CG)—the point where weight is balanced—and 

the centre of pressure (CP)—where lift acts. For stable flight, CG should be slightly ahead 

of CP, allowing the aircraft to return to level after being disturbed. Understanding these 

principles is essential for designing, flying, and maintaining safe, controllable aircraft. 

28. Basic definition of various terms i.e. Mass, Density, Motion, Speed, Velocity, 

Acceleration, Newton’s First Law of Motion, Momentum, Force, Pressure, Newton’s Third 

Law of Motion, Weight, Work, Power, Energy, Law of Conversation of Energy, Moment of a 

Force, Couple, and Equilibrium is to be understood by cadets. 

29.  Laws of motion, their application and correlation in aviation has been explained 

briefly and same needs to be understood by cadets 
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ASSESSMENT EXERCISES 

Multiple-Choice Questions (MCQs) 

1. Which of the following is the definition of density? 

 (a)  Mass per unit volume    

 (b)  Force per unit area 

 (c)  Mass multiplied by velocity   

 (d)  Rate of doing work 

2. According to Newton’s First Law of Motion, a body will remain in its state of 

rest or uniform motion unless? 

 (a)  It gains speed     

 (b)  It is acted upon by an external force 

 (c)  It has zero velocity     

 (d)  It reaches its equilibrium point 

3. What is the unit of force? 

 (a)  Kilogram (kg)     

 (b)  Newton (N) 

 (c)  Joule (J)      

 (d)  Watt (W) 

4. What is the formula for work done on a body? 

 (a)  Work = Mass × Velocity   

 (b)  Work = Force × Distance 

 (c)  Work = Force ÷ Time   

 (d)  Work = Mass × Acceleration 

5. Velocity is speed in ___________direction?  

 (a) Each      

 (b) All 

 (c) Particular     

 (d) Both 

6. Weight is the force of gravity acting on an object and this force pulls object 

towards___________? 

 (a)  Sky      

 (b)  Earth 

 (c)  Opposite direction    

 (d)  Nowhere  
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7. What is the unit of Power? 

  (a)  Watt (W)      

(b)  Newton (N) 

(c)  Joule (J)      

(d)  Kg  

8. Acceleration is equal to ______? 

 (a) Force/ Weight   

(b) Force/ Mass 

 (c) Force/ Time   

(d) Force/ Distance 

9. Unit of kinetic energy is_______? 

(a)  Watt (W)      

(b)  Newton (N) 

(c)  Joule (J)      

(d)  Kg  

10. Newton’s first law of motion also known as _______? 

(a)  Inertia      

(b)  Action-reaction 

(c)  Momentum     

(d)  None  

11. Newton’s second law of motion also known as _______? 

(a)  Inertia      

(b)  Action-reaction 

(c)  Quantitative law of motion   

(d)  None  

12. Newton’s third law of motion also known as _______? 

(a)  Inertia      

(b)  Action-reaction 

(c) Quantitative law of motion   

(d)  None  

13. Law of conservation of energy is total sum of all energy in the universe 

remains _______? 

(a) Constant      

(b)  Changing 

(c)  Both (a) and (b) are correct   

(d)  None  
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14. Newton’s second law of motion also known as _______? 

(a)  Inertia      

(b)  Action-reaction 

(c)  Quantitative law of motion   

(d)  None  

15. An aircraft in flight is said to rotate around it’s _______? 

(a)  Weight      

(b)  Centre of Gravity (CG) 

(c)  Both (a) and (b) are correct   

(d)  None  

Short Question  

1. What do you mean by inertia and how it relate to Newton’s first law of motion? 

2. What is equilibrium, and how forces play a vital role in it? 

3. What do understand by stabilit 

4. What is Centre of Gravity 

5. Explain Torque and Momentum 

Long Question  

1. What is the difference between speed and velocity? 

2. Explain Newton’s Third Law of Motion with an example. 

3. Define kinetic energy and provide its formula. 

4. Explain practical applications of laws of motion. 

5. Establish a correlation of laws of motion in aviation. 
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PRINCIPLES OF FLIGHT (SD/SW) 

CHAPTER  II : AEROFOIL (BOA) 
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INTRODUCTION 
 

1. An aerofoil is the shape of a wing or blade (of a propeller, rotor or turbine) or sail as 

seen in cross-section. They can also be defined as a foil that is designed to produce more 

lift than drag. An airfoil-shaped body moved through a fluid produces an aerodynamic force. 

The component of this force perpendicular to the direction of motion is called lift. The 

component parallel to the direction of motion is called drag. Think of it as a specially curved 

surface that helps an aircraft rise into the air. It is one of the most important elements in 

aviation. 

 

  

PART I: AEROFOIL 

2. A fixed-wing aircraft's wings, horizontal, and vertical stabilizers are built with airfoil-

shaped cross sections, as are helicopter rotor blades. Airfoils are also found in propellers, 

fans, compressors, and turbines. Any object with an angle of attack in a moving fluid, such 

as a flat plate, will generate an aerodynamic force (called lift) perpendicular to the flow. 

Airfoils are more efficient lifting shapes-able to generate more lift (up to a point) and to 

generate lift with less drag. 

 

PREVIEW 

The lecture will be conducted in following 

parts:- 

(a) Part I: Aerofoil 

(b) Part II: Types of Aerofoil 

LEARNING OBJECTIVES 

Basic understanding of the Indian armed 

forces, their organisation and structure  

 Lift generation. 

 Parts of an aerofoil. 

 Aerofoils and their types with usage. 

AEROFOIL SHAPE 
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3. You may not realize it, but aerofoils are all around us. Listed below are a few that 

you come across quite often. 

(a) Aircraft wings-classic aerofoil design to generate lift. 

(b) Fan blades- curved like small aerofoils to move air. 

(c) Car spoilers- inverted aerofoils to increase downforce. 

(d) Wind turbine blades- use wind like an aerofoil to generate energy. 

(e) Ceiling fans- designed with aerofoil shape for efficient airflow. 

4. Why do Airplanes need Aerofoils. Do you know that the Zen Air & Pipistrel SW-80 

Virus are both powered by 80 HP Rotax engines? The engine of a common Sedan (Maruti 

Dzire) also has the same power output. So how is it that your microlight can take flight while 

the car cannot? The propeller or thrust producing device is not the answer. Fitting a 

propeller to the car will not necessarily make it fly. Aircraft fly because of the lift generated 

by their wings, and that is due to the aerofoil shape. Here’s how it works:- 

(a) When air flows over the curved top of the wing and the flatter bottom, it travels 

faster over the top. 

(b) This creates low pressure on top and high-pressure underneath, pushing 

the wing upward – this is called lift. 

(c) Without this effect, an aircraft would not be able to take off, stay in the air, or 

manoeuvre. We will study more about this in the subsequent chapters. 

5. Technical Definitions. Parts of an Aerofoil are:- 

(a) Leading Edge. The foremost/ forward edge of the aerofoil where the relative 

airflow first makes contact. 

(i) It is typically rounded to reduce the chances of flow separation. 

(ii) Plays a crucial role in maintaining smooth airflow and reducing drag. 

(b) Trailing Edge. The aft edge of the aerofoil where the airflow over the upper 

and lower surfaces meets. 

(i) It is usually sharp, allowing for a clean separation of the airflow. 
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(c) Chord Line. An imaginary straight line joining the leading edge and trailing 

edge of the aerofoil. 

(i) It serves as the reference line for defining angles such as angle of 

attack (AoA). 

(ii) The length of the chord line is referred to as the chord length. 

(d)  Mean Camber Line. A line equidistant from the upper and lower surfaces of 

the aerofoil. 

(i) The shape of the camber line determines the lift characteristics and 

stability. 

(e) Camber. The maximum distance between the mean camber line and the 

chord line. 

(i) A positive camber means more curvature, which increases lift. 

(f) Thickness. The maximum vertical distance between the upper and lower 

surfaces of the aerofoil. 

(i) It affects the structural strength, drag, and aerodynamic behaviour. 

(ii) The location of maximum thickness is critical (usually between 25–35% 

of chord from leading edge). 

(g) Upper Surface. The top curved portion of the aerofoil where the airflow 

typically moves faster, resulting in lower pressure (Bernoulli’s principle). 

(i) Contributes most to the lift generation. 

(h) Lower Surface. The bottom surface of the aerofoil which usually has less 

curvature and experiences higher pressure. 

(i) Works together with the upper surface to produce net lift. 

(j) Angle of Attack (AoA). The angle between the chord line and the oncoming 

airflow (relative wind). 

(i) It directly influences the amount of lift and stall characteristics. 

(ii) Every aerofoil has a critical AoA beyond which stall occurs. 
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DID YOU KNOW? 

Daniel Bernoulli was an 18th-century Swiss mathematician and physicist known for his 

contribution to fluid dynamics, which explains how a fluid’s pressure and velocity are 

related. This principle is vital for understanding how air moves around airplane wings. It is 

crucial for understanding the principle of flight. 

 

PARTII: TYPES OF AEROFOIL 

6. Aerofoils are designed for different missions and flight conditions. There exist a wide 

variety of aerofoils including laminar aerofoils (used in experimental aircraft), supercritical 

aerofoil (utilised in aerofoils designed to operate in supersonic regime) etc. However, the 

basic classification based on their purpose, is listed below. 

(a) High-Lift Aerofoils. These aerofoils are specially designed to generate 

maximum lift, even at low speeds. 

(i) Use. Gliders, short take-off and landing (STOL) aircraft, agricultural 

planes. 

(ii) Features. Highly curved (cambered), thick, sometimes with flaps or 

slats to increase lift. 

(b) General-Purpose Aerofoils. Balanced aerofoils that offer a mix of lift, 

stability, and speed – suitable for everyday flight conditions. 

(i) Use. Commercial airliners, training aircraft, cargo planes. 

(ii) Features. Moderate camber, efficient at a wide range of speeds. 
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(c) High-Speed Aerofoils. 

Definition. Designed to reduce drag and perform well at high subsonic or 

supersonic speeds. 

(i) Used in. Fighter jets, supersonic aircraft, high-speed transports. 

(ii) Features. Thin profile, swept-back design, sometimes use supercritical 

aerofoil shapes. 

  

 

DID YOU KNOW? 

A thin layer of contamination on an aircraft surface can increase drag, which can make 

the aircraft less efficient and increase fuel consumption. Ice is particularly dangerous 

because it can change the wing’s shape and increase the plane’s weight. 

 

INTERESTING FACTS 

 Sir, George Cayley invented the aerofoil. 

 Airfoils are also used in the design of rotor blades and wind turbines. 

 Supersonic airfoils are much more angular in shape and can have a very sharp 

leading edge, which is very sensitive to angle of attack.  

 A supercritical airfoil has its maximum thickness close to the leading edge to have a 

lot of length to slowly shock the supersonic flow back to subsonic speeds.  

 Modern aircraft wings may have different airfoil sections along the wing span, each 

one optimized for the conditions in each section of the wing. 
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CONCLUSION 

7. An airfoil-shaped body moved through a fluid produces an aerodynamic force. The 

component of this force perpendicular to the direction of motion is called lift. 

8. There are different types of airfoils such as symmetric, asymmetric, supersonic, and 

supercritical. 

9. Aerodynamic lift and drag are forces that affect an object’s movement through the 

air. 

10.  Aerofoils create lift by forcing air to travel further over the top of the wing than the 

bottom, which creates lower air pressure and an upward force on the wing. 

11.  Aerofoils also create drag, which acts in the same direction as the airstream. 

12. Aerofoils are designed for different missions and flight conditions. 
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ASSESSMENT EXERCISES 

Multiple Choice questions (MCQs) 

1.  Who has invented the airfoil? 

 (a)  Sir George Cayley   

 (b)  Isaac Newton  

 (c)  Elbert Einstein    

 (d)  Thomas Addison 

2. Following are the types of airfoil?  

 (a)  Symmetric   

 (b) Asymmetric 

 (c)  None of the above   

 (d)  Both (a) and (b) are correct 

3. A thin layer of contamination on air craft surface can increase drag?   

(a) True    (b) False  

4. Airfoils create lift and can also create drag as well?  

(a) True    (b) False  

5. At low speeds, an aircraft needs to generate ___________with a 

___________angle of attack, which results in more induced drag? 

(a)  Lift, Higher      

 (b)  Drag, Lower 

(c)  Both (a) and (b) is correct    

 (d)  None of the above 

6. Flaps also increase ___________, which helps slow plane down?  

(a)  Drag    

(b)  Lift 

 (c)  None of the above  

(d)  (a) & (b) both are correct 
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7. Ailerons are flaps near the back of each wing that control ___________and 

___________to make plane roll?  

(a)  Lift, Drag    

(b)  Weight, Thrust 

(c)  None of the above  

(d)  (a) & (b) both are correct 

8. Aerofoils can help aircraft fly at high speeds by displacing air, using 

supercritical airfoils and designing supersonic airfoils?  

 (a)  True  (b)  False  

9.  ____________ airfoils are much more angular in shape and can have a very 

sharp leading edge, which is very sensitive to angle of attack?  

 (a)  Supersonic    

(b)  Subsonic 

(c)  Supercritical    

(d)  Transonic 

10. When an object generates lift, it also creates ___________? 

 (a)  Induced drag   

(b)  Thrust 

(c)  High lift    

(d)  None 

11. Aerofoils also Creates drag and it acts on ___________direction as the 

airstream?  

 (a)  Same    

(b)  Opposite 

(c)  Upward   

(d)  Downward 

12. An airfoil-shaped body moved through a fluid produces an aerodynamic force. 

The component of this force___________to the direction of motion is called lift?  

 (a) Perpendicular   

 (b)  Opposite 

 (c)  Upward    

 (d)  Downward 

http://en.wikipedia.org/wiki/Supersonic_airfoils
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13. Changing a wing's ___________affects the speed of the air flowing over the 

wing and the amount of lift that the wing creates? 

(a)  Color    

(b)  Angle of attack 

(c)  None of the above  

(d)  (a) & (b) both are correct 

Short Question  

1. What is difference between chord line and camber line? 

2. What do you understand by symmetrical aerofoil? 

3. What is the purpose of high speed aerofoil? 

4. What is mean camber line? 

5. Helicopter blades are aerofoil explain how? 

Long Question  

1. What is an aerofoil and its application in aviation? 

2. Types of aerofoil and explain them briefly? 

3. Define lift & drag and their role in aviation? 

4.  Briefly explain aerodynamics affecting lift & drag? 

5.  How aerofoil provides high lift, medium lift, and high speed? 
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INTRODUCTION 

 

1. An aircraft is considered to be in straight and level flight when it is flying at a 

constant altitude and speed, maintaining lateral level and direction. When an aircraft is in 

flight, it is constantly acted upon by four fundamental aerodynamic forces. These forces 

determine whether an aircraft climbs, descends, or stays level in the air. To maintain steady, 

level flight, all four forces must be in balance. These forces are:- 

 (a)  Lift. 

 (b)  Drag. 

 (c)  Thrust. 

 (d)  Weight (Gravity). 

 

  

PREVIEW 

The lecture will be covered in the 

following parts:- 

(a) Part I: Forces acting on Aircraft 

(b) Part II: Understanding Lift 

(c) Part III: How does an Aircraft fly? 

LEARNING OBJECTIVES 

 Various forces acting on aircraft. 

 To understand the aerodynamic 

principles behind flight, including the 

generation of lift through Bernoulli’s 

principle and the Venturi effect, and 

how the four aerodynamic forces—lift, 

weight, thrust, and drag—interact to 

maintain controlled and stable flight. 

 Applying aerodynamic principles to 

understand flight. 
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PART I: FORCES ACTING ON AIRCRAFT 

 

2. Lift. It is a positive force caused by the difference in air pressure under and above a 

wing. The higher air pressure beneath a wing creates lift, and it is affected by the shape of 

the wing. Changing a wing's angle of attack affects the speed of the air flowing over the 

wing and the amount of lift that the wing creates. 

3. Weight. It is the force that causes objects to fall downwards. In flight, the force of 

weight is countered by the forces of lift and thrust. 

4. Thrust. It is the force that propels an object forward. An engine spinning a propeller 

or a jet engine expelling hot air out the tailpipe are examples of thrust. In birds and bats, 

thrust is created by muscles making the wings flap. 

5. Drag. It is the resistance of the air to anything moving through it. Different wing 

shapes greatly affect drag. Air divides smoothly around a wing’s rounded leading edge and 

flows neatly off its tapered trailing edge — this is called streamlining. There are two main 

types of drag, Zero lift drag (depends on the shape of the aerofoil) and Lift-dependent drag 

(induced when lift is being produced) 

Force Direction Description 

Lift Upward Acts perpendicular to relative airflow; generated by pressure differences 

on the wing surfaces. Acts through Centre of Pressure (CP) 

Weight Downward Caused by gravity, acts through the aircraft’s centre of gravity (CG). 

Thrust Forward Propulsive force generated by engines or propellers to overcome drag. 

Drag Rearward Aerodynamic resistance opposing motion 
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PART II: UNDERSTANDING LIFT 

6. Bernoulli's Principle. Bernoulli's principle is based on the principle 

of the conservation of energy. It states that the total sum of the pressure energy, kinetic 

energy and potential energy of the fluid flow is constant. It also implies that for an in viscid & 

incompressible flow, an increase in the speed of the fluid occurs simultaneously with a 

decrease in pressure or a decrease in the fluid's potential energy. We can therefore safely 

conclude that in a steady, incompressible flow, an increase in the fluid's velocity leads to a 

decrease in its static pressure. Over the wing:- 

(a) Faster airflow above → lower pressure 

(b) Slower airflow below → higher pressure 

(c) The pressure differential results in a net upward force—Lift. 

7. Venturi Effect. A short piece of narrow tube between wider sections is called a 

venturi. In the narrow section the air speeds up, causing the static pressure to decrease. 

The Venturi effect describes how a fluid’s velocity increases, and pressure decreases when 

it flows through a narrowed (constricted) section of a tube or passage. 

How? Based on the Principle of Continuity an incompressible fluid flow (a valid 

assumption at subsonic speeds), mass flow rate must remain constant along a 

streamline. 

The continuity equation states ρAV=constant 

Where:- 

(a) ρ = Air density (kg/m³) 

(b) A = Cross-sectional area (m²) 

(c) V = Air velocity (m/s) 

What this Means. 

(a) If air flows into a narrower space (smaller A), and ρ remains constant then as 

area decreases, velocity must increase to keep the flow rate constant. 

(b) A↓⇒V↑ 

DID YOU KNOW? 

Bernoulli’s principle explains how an airplane can stay in the air, and it’s fascinating to 

think that the simple act of air moving over the curved surface of a wing can create 

enough lift to keep an airplane airborne. 
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At low flight speeds, air experiences relatively small changes in pressure and negligible 

changes in density. This airflow is termed incompressible since the air may undergo 

changes in pressure without apparent changes in density. Such airflow is similar to the flow 

of water, hydraulic fluid, or any other incompressible fluid. This suggests that between any 

two points in the tube, the velocity varies inversely with the area. Venturi effect is the name 

used to describe this phenomenon. Fluid flow speeds up through the restricted area of a 

venturi in direct proportion to the reduction in area. The Venturi effect states that when air 

flows through a narrower passage, it speeds up, and its pressure drops. 

Think of squeezing a garden hose—the water comes out faster and thinner. 

The Figure below suggests what happens to the speed of the flow through the tube 

discussed. 

 

8. Also note that the total energy in a given closed system does not change, but the 

form of the energy may be altered. The pressure of the flowing air may be likened to 

energy in that the total pressure of flowing air will always remain constant unless energy 

is added to or taken from the flow. In the previous examples, there is no addition or 

subtraction of energy; therefore, the total pressure will remain constant. 

9. Fluid flow pressure is made up of two components — static pressure and 

dynamic pressure. Static Pressure is that measured by an aneroid barometer placed in 

the flow but not moving with the flow. Dynamic Pressure is that component of total 

pressure due to the motion of the air. It is difficult to measure directly, but a Pitot-static 

tube measures it indirectly. The sum of these two pressures is known as the total 

pressure. 
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10. Static Pressure Decreases as the Velocity Increases. This is what happens to air 

passing over the curved top of an aircraft's airfoil. Consider only the bottom half of a 

Venturi tube in the figure below. Notice how the shape of the restricted area at Station 2 

resembles the top surface of an airfoil. Even when the top half of the Venturi tube is taken 

away, the air still accelerates over the curved shape of the bottom half. This happens 

because the air layers restrict the flow, just as the top half of the Venturi tube did. As a 

result, acceleration causes decreased static pressure above the curved shape of the 

tube. A pressure differential force is generated by the local variation of static and 

dynamic pressures on the curved surface. 

 

11. Application to a Wing (Airfoil). 

(a) The top of a wing is curved, causing the airflow path to become narrow, just 

like a Venturi tube: 

(i) Air speeds up over the curved top surface → Vtop↑ 

(ii) Static pressure drops over the top → Ptop↓ 

(b) The bottom of the aerofoil (wing) is less curved (lower camber) as compared 

to the top.  

(i) Bottom surface has slower airflow, higher pressurerelative to top of 

the aerofoil 

(ii) → Pbottom>Ptop 

(c) This pressure difference creates net upward force = Lift. 

12. Equation of Lift. The lift force produced by a wing or airfoil is given by the  

Lift Equation. Lift = ½ρV2SCL. Explanation is given in succeeding sub-paragraphs. 
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