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01 Launch

a. To understand why rockets require pre-launch system verification.

b. To identify major systems involved in a rocket launch.

c. To learn the importance of structured communication.

d. To experience coordination similar to Mission Control.

e. To develop teamwork and decision-making skills.

Objective

To simulate a real rocket launch countdown procedure and understand the scientific importance of system checks 
before liftoff.

Scientific Foundation

1.1  Pre-launch and Countdown

From Countdown to Orbit Insertion

If everything is within safe limits, the system reports:  If something is abnormal, the system reports:

 And the launch is paused.

 “GO.”  

“NO GO.”

1.1 Pre-launch and Countdown

What Is a Countdown Really For?
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1. What is the main purpose of a countdown?

A. Excitement B. System verification C. Decoration

2. What does “NO GO” mean?

A. Everything is fine B. A problem is detected C. Launch faster

3. A rocket can launch safely without checking systems  A. True  B. False

4. All systems must confirm readiness before launch  A. True  B. False

1. What could happen if the 
communication system fails?

2. Which system do you think is the 
most important and why?

Thinking Questions
Students should observe:
• Importance of clear communication.
• Role of each system in mission success.
• How one “NO GO” stops the entire process.
• Structured sequence improves coordination.

Observations

1.1 Pre-launch and Countdown

The roleplay shows that rocket launches depend on multiple systems working together seamlessly through 
strict safety checks that reduce the chance of failure. Clear communication discipline prevents confusion 
during critical operations, while double-checking every detail before taking action remains essential in high-
risk environments.

The countdown sequence serves as a scientifically structured safety procedure that ensures all systems are 
fully prepared and verified before the final liftoff. This strategic synchronization effectively demonstrates the 
core principles of mission control and flight safety.

Additional Links

(Launch of LVM3)
https://www.youtube.com/live/q2ueCg9bvvQ?si=gOZ-QY8RLvNhZofB

(Lift of Atlas V) 
https://youtu.be/00fXmv9xpOg?si=zBiKftBaigKoydee

Answer: Self-Assessment   1. B  2. B  3.  B  4.  A

Self-Assessment Trivia

Analysis and Conclusion

Maintain discipline during 
roleplay.

Avoid excessive shouting.

Follow instructions clearly.

Teacher supervision 
required.

• Pilots check all aircraft systems before take-off to ensure a safe flight

• Doctors check patient vitals and equipment before surgery

• Factories inspect machines and systems before starting production

• Race car drivers check tyres, engine, and fuel before a race

Where Else Do We See This Science? Precautions & Safety

ISRO follows strict countdown procedures before launching 
rockets such as PSLV and GSLV. Similarly, NASA conducts 
detailed system checks and launch readiness reviews before 
every mission. Only after all systems report “GO” does the final 
ignition sequence begin.

Real-World Connection

    Puzzle / Thought Experiment

If 6 systems say “GO” and 1 system says “NO GO,”
Should the rocket be launched? Why or why not?

The countdown has already started…
Should the launch be stopped at the last second 
if a problem is detected?

Pre-Activity Engagement

1.1 Pre-launch and Countdown

Procedure 

This activity simulates real launch verification.

1. Each student represents one rocket system.

2. The Mission Director calls out each system.

3. The system officer responds with “GO” or “NO
GO.”

4. Launch proceeds only if all systems confirm
readiness.

1) Printed system cards (Propulsion, Navigation,
Communication, etc.)

2) Countdown cards (T – 60, T – 30, T – 10, etc.)

3) Stopwatch

4) Whistle or bell

5) Role badges (optional)

     Quick Demonstration (30–60 sec)

Inflate a balloon and release it without tying

Ask students: “What happened?”

The balloon moves randomly and uncontrollably

“If a rocket's control or system fails, it can behave 
in a similar uncontrolled way.”

Working PrincipleMaterials Required 

Lets start with the activity

2
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01 Launch

a. To understand Newton’s Third Law of Motion through a practical activity.

b. To learn how thrust is generated in rockets.

c. To explore the role of pressure in motion.

d. To study the effect of mass and design on rocket height.

e. To develop teamwork and observation skills.

Objective

To design, build, and launch a hydro rocket and understand the basic principles of rocket propulsion using water 
and air pressure.

Scientific Foundation

1.2 Water Rocket Launch

From Countdown to Orbit Insertion

1.2 Water Rocket Launch4



1.2 Water Rocket Launch

1. What is the main force that pushes the water rocket upward?

A. Gravity     B. Air pressure     C. Magnetism

2. Why is water used in a hydro rocket?

A. To increase weight  B. To help create thrust when pushed out  C. Just for cooling

3. More air pressure can increase rocket height   A. True   B. False

4. Fins are used to make the rocket look good only   A. True    B. False

Self-Assessment Trivia

Through the experiment, students observe that the rocket rises due to action-reaction forces as described by 
Newton’s Third Law. Increasing internal air pressure directly increases thrust, while adding too much water 
increases weight and reduces the maximum altitude. Proper fin alignment ensures flight stability, and a 
streamlined design minimizes drag to help the rocket reach greater heights.This hydro rocket successfully 
demonstrates how thrust is generated to overcome gravity using basic physics principles. By balancing 
pressure, fuel mass, and aerodynamics, the experiment provides a clear and practical validation of rocket 
engineering.

Analysis and Conclusion

Around the world, space agencies like ISRO, NASA, China’s CNSA, Japan’s JAXA, and Russia’s 
Roscosmos use the same action–reaction principle in their rockets. For example, rockets like PSLV, Long 
March, Soyuz, and H-IIA burn fuel to produce high-speed exhaust gases that are pushed downward, which in 
turn pushes the rocket upward. This is exactly the same principle demonstrated by a water rocket, where 
water is pushed downward to lift the rocket upward. The hydro rocket is a simple model that demonstrates the 
same physics used in real space missions.

Real-World Connection

Pre-Activity Engagement

1.2 Water Rocket Launch

The hydro rocket works on the principle of 
compressed air expansion.
When air is pumped into the bottle, pressure builds 
up inside. This pressure stores energy. When the 
cork is released:
1. Compressed air expands rapidly.
2. Water is forced out at high speed.
3. Downward water motion creates upward thrust.
4. The rocket accelerates upward.
A proper balance between water quantity and air
pressure gives maximum height.

1) 1-2 litre plastic bottle

2) Cardboard or foam sheet (for fins)

3) Strong adhesive tape

4) Rubber cork with air valve

5) Bicycle pump/hand pump

6) Water

7) Paper (for nose cone)

8) Safety goggles

9) Measuring tape

     Quick Demonstration (30–60 sec)

- Take a balloon and inflate it   Ask students: “What
is stored inside the balloon?”

Air under pressure -Release it , “What happens?”
Air rushes out and balloon moves

- Connect:

“This is the same principle used in a water rocket”

Working PrincipleMaterials Required 

    Estimation Challenge

1. How high do you think a water rocket can go?

A. 5–10 meters  B. 20–50 meters  C. 100+ meters

2. What do you think pushes the rocket upward?

A. Water  B. Air pressure  C. Fire

    Puzzle / Thought Experiment

If the bottle is filled completely with water (no air inside), will the rocket fly higher, lower, or not at all? 
Why? What will happen if there is air pressure but no water inside?

Will the rocket still launch effectively?

(Water Rocket Launch) 
https://youtube.com/shorts/_PEsfMlcvsQ?si=6vjFuhUoFXqkXw_V

Procedure 

Lets start with the activity
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1.2 Water Rocket Launch

Did You Know?

Rocket engines can get hotter than 
molten lava

Additional Links

(India’s first private rocket launch) 
https://youtu.be/g_jh-LDSjB8

Answer: Pre-Activity Engagement 1. C   2. B  Self-Assessment   1. B  2. B  3.   A  4.  B 

Always launch in open 
ground.
Never stand above or near 
the rocket during pumping.
Wear safety goggles at all 
times.
Do not over-pump beyond 
safe limits.
Ensure cork is tightly 
secured before launch.
Perform only under teacher 
supervision

• Fireworks rockets move upward when gases are pushed downward at
high speed

• Jet engines produce thrust by pushing exhaust gases backward to
move forward

• Garden sprinklers rotate when water is forced out in the opposite
direction

• Space rockets generate thrust by expelling gases to overcome gravity
and reach orbit

Where Else Do We See This Science? Precautions & Safety

(Water bottle rocket) 
https://youtu.be/ii6D1R6lXVA

(Slow Motion Liftoff of NASA's Artemis) 
https://youtu.be/aWCCNYJV3Z
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01 Launch

a. To understand the concept of air resistance (drag).

b. To observe how speed affects resistance force.

c. To visualize pressure differences created by moving air.

d. To relate wind resistance to rocket design.

e. To develop observation and analytical skills.

Objective

To study how wind resistance changes with speed, surface area, and material, and how it affects motion and safe 
landing.

Scientific Foundation

1.3 Wind Resistance Demonstration

From Countdown to Orbit Insertion

1.3 Wind Resistance Demonstration8



1.3 Wind Resistance Demonstration1.3 Wind Resistance Demonstration

This experiment shows how air flows around 
moving things, like in fluid dynamics. It proves that 
drag the force slowing you down, depends on how 
big the front of the object looks (its flat area facing 
the wind) and how fast it's going (speed squared). 
By changing the shape, we guide the air smoothly 
around it instead of letting it pile up in front and push 
back hard.

1) Electric fan

2) Paper tubes (different diameters)

3) Flat sheet of paper

4) Conical paper model

5) Tape

6) Stand or support

Working Principle

Activity 1: Wind resistance Demo

Materials Required 

1) Lightweight Plastic (Trash bag), Cotton Cloth, 
Tissue Paper.

2) Strong string (nylon or cotton).

3) Measuring tape & Stopwatch.

4) Payload: A small nut, bolt, or a large eraser 
(approx. 20g).

Materials Required 

Activity 2: The Great Parachute Drop 

To investigate how surface area and material type affect Drag Force and landing safety.

Lets start with the activity

9
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1.3 Wind Resistance Demonstration

1. What is drag?

A. Force that pushes forward   B. Air resistance that slows motion   C. Heat energy

2. Which shape reduces drag the most?

A. Flat    B. Square    C. Cone

3. Higher speed increases air resistance   A. True    B. False

4. Shape of an object does not affect motion in air  A. True   B. False

Self-Assessment Trivia

1. Why do rockets face maximum
stress at high speed in the lower
atmosphere?

2. How does a cone shape help
reduce pressure in front of the
rocket?

Thinking Questions Observations

Students should observe:
• The flat surface experienced the most force,

almost being blown away.
• The pointed cone experienced the least

resistance, allowing the air to pass by without
pushing the model.

• Higher  fan speeds caused a d is-
proportionately larger push, demonstrating
that speed is the biggest factor in air pressure.

The experiment shows that air exerts force on moving objects, with drag increasing as speed rises. A larger 
surface area increases this resistance, while streamlined shapes effectively reduce drag and allow for 
smoother motion. Wind resistance is a force that opposes motion through the air, directly affecting a rocket's 
trajectory. Therefore, rocket design must minimize drag to improve both fuel efficiency and overall flight 
performance.

Analysis and Conclusion

Additional Links

(Basics of Openrocket software) 
https://youtu.be/z16_uUnMarE?si=X_qAwf32XltZru7J

Answer: Pre-Activity Engagement   1. A    2. C,   Self-Assessment   1. B  2. C  3.  A  4.  B

Keep hands away from fan 
blades.

Ensure fan is placed on 
stable surface.

Do not insert objects into fan.

Supervise students during 
activity.

• Airplanes are designed with streamlined shapes to reduce air 
resistance and improve speed and fuel efficiency

• Cars are shaped aerodynamically to reduce drag and move smoothly 
through air

• Parachutes use large surface area to increase air resistance and slow 
down descent

• Cyclists and athletes wear tight suits and helmets to reduce drag and 
move faster

Where Else Do We See This Science? Precautions & Safety

1.3 Wind Resistance Demonstration

(Starship flight) 
https://youtu.be/C3iHAgwIYtI?si=i64_2Ixyv-MdVP5k
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1.3 Wind Resistance Demonstration

1. What is drag?

A. Force that pushes forward   B. Air resistance that slows motion   C. Heat energy

2. Which shape reduces drag the most?

A. Flat    B. Square    C. Cone

3. Higher speed increases air resistance   A. True    B. False

4. Shape of an object does not affect motion in air  A. True   B. False

Self-Assessment Trivia

1. Why do rockets face maximum 
stress at high speed in the lower 
atmosphere?

2. How does a cone shape help 
reduce pressure in front of the 
rocket?

Thinking Questions Observations

Students should observe:
• The flat surface experienced the most force, 

almost being blown away.
• The pointed cone experienced the least 

resistance, allowing the air to pass by without 
pushing the model.

• Higher  fan speeds caused a d is-
proportionately larger push, demonstrating 
that speed is the biggest factor in air pressure.

The experiment shows that air exerts force on moving objects, with drag increasing as speed rises. A larger 
surface area increases this resistance, while streamlined shapes effectively reduce drag and allow for 
smoother motion. Wind resistance is a force that opposes motion through the air, directly affecting a rocket's 
trajectory. Therefore, rocket design must minimize drag to improve both fuel efficiency and overall flight 
performance.

Analysis and Conclusion

Additional Links

(Basics of Openrocket software) 
https://youtu.be/z16_uUnMarE?si=X_qAwf32XltZru7J

Answer: Pre-Activity Engagement   1. A    2. C,   Self-Assessment   1. B  2. C  3.  A  4.  B

Keep hands away from fan 
blades.

Ensure fan is placed on 
stable surface.

Do not insert objects into fan.

Supervise students during 
activity.

• Airplanes are designed with streamlined shapes to reduce air
resistance and improve speed and fuel efficiency

• Cars are shaped aerodynamically to reduce drag and move smoothly
through air

• Parachutes use large surface area to increase air resistance and slow
down descent

• Cyclists and athletes wear tight suits and helmets to reduce drag and
move faster

Where Else Do We See This Science? Precautions & Safety

1.3 Wind Resistance Demonstration

(Starship flight) 
https://youtu.be/C3iHAgwIYtI?si=i64_2Ixyv-MdVP5k
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01 Launch

a. To understand the concept of multi-stage rockets.

b. To observe thrust generation using air pressure.

c. To learn why staging improves rocket efficiency.

d. To compare single-stage and two-stage systems.

e. To develop basic model-design skills.

Objective

To design and demonstrate a simple two-stage rocket model using balloons and understand the concept of staging 
in rocket launches.

Scientific Foundation

1.4 Balloon Two-Stage Rocket

From Countdown to Orbit Insertion

1.4 Balloon Two-Stage Rocket 13



1.4 Balloon Two-Stage Rocket1.4 Balloon Two-Stage Rocket

The balloon rocket works on the principle of action 
and reaction.

Air is filled into the balloon. When released, air 
rushes out backward. The balloon moves forward 
due to reaction force.

In a two-stage model: First balloon releases air and 
moves forward. After it deflates, the second balloon 
releases air. This simulates stage separation and 
continued propulsion.

1) Two long balloons (different colors, e.g., Red for
Stage 1, Blue for Stage 2).

2) A long fishing line or smooth string strung across
the room (the track).

3) Two drinking straws.

4) Tape (Masking tape or painter's tape works best).

5) Two binder clips (to hold air in).

6) The Trigger Mechanism: A piece of string (about
12 inches long).

Working PrincipleMaterials Required 

(Balloon Rocket Science Experiment)

https://www.youtube.com/watch?v=TfZsGy_q9zA

1. What principle makes a rocket move?

A. Gravity   B. Action–Reaction   C. Friction

2. Why do rockets use multiple stages?

A. To look bigger B. To reduce weight and continue acceleration  C. For decoration

3. Air coming out backward pushes the rocket forward  A. True  B. False

4. Keeping empty fuel tanks attached helps the rocket go faster  A. True  B. False

Self-Assessment Trivia

Lets start with the activity
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1.4 Balloon Two-Stage Rocket1.4 Balloon Two-Stage Rocket

The balloon rocket works on the principle of action 
and reaction.

Air is filled into the balloon. When released, air 
rushes out backward. The balloon moves forward 
due to reaction force.

In a two-stage model: First balloon releases air and 
moves forward. After it deflates, the second balloon 
releases air. This simulates stage separation and 
continued propulsion.

1) Two long balloons (different colors, e.g., Red for 
Stage 1, Blue for Stage 2).

2) A long fishing line or smooth string strung across 
the room (the track).

3) Two drinking straws.

4) Tape (Masking tape or painter's tape works best).

5) Two binder clips (to hold air in).

6) The Trigger Mechanism: A piece of string (about 
12 inches long).

Working PrincipleMaterials Required 

(Balloon Rocket Science Experiment)

https://www.youtube.com/watch?v=TfZsGy_q9zA

1. What principle makes a rocket move?

A. Gravity   B. Action–Reaction   C. Friction

2. Why do rockets use multiple stages?

A. To look bigger B. To reduce weight and continue acceleration  C. For decoration

3. Air coming out backward pushes the rocket forward  A. True  B. False

4. Keeping empty fuel tanks attached helps the rocket go faster  A. True  B. False

Self-Assessment Trivia

Lets start with the activity
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1. What happens when the first stage runs out of fuel?

2. Why does the second stage move faster after separation?

Thinking Questions

The experiment shows that releasing air backward produces forward motion, while a two-stage system 
allows for extended propulsion. Removing used stages significantly reduces the overall mass, which directly 
improves efficiency and increases the total travel distance.Multi-stage rockets are more efficient because 
they shed unnecessary weight during flight to allow for better acceleration. This process ensures the rocket 
can reach much higher altitudes by maximizing its power-to-weight ratio.

Did You Know?

Most rockets use multiple stages that 
separate just minutes after launch.

Additional Links

(Two Stage ballon rocket) 
https://youtu.be/Xcdld35SMHY?si=epeOqksrHdHx4WYK

Answer: Pre-Activity Engagement   1. B   2. B,    Self-Assessment   1. B  2. B  3.  A  4.  B 

Analysis and Conclusion

Ensure the string is tightly 
secured.
Do not overstretch balloons.
Avoid sharp objects near 
balloons.
Maintain safe distance during 
release.
Teacher supervision 
recommended.

• Space rockets use multiple stages to drop empty fuel tanks and
become lighter during flight

• Missile systems use staging to improve speed and reach longer
distances

• Relay races use multiple runners to maintain speed and efficiency
over long distances

• Delivery systems and drones reduce load during travel to improve
performance

Where Else Do We See This Science? Precautions & Safety

Observations

Students should observe:
• When the first-stage (red) balloon is released, both balloons move together along the string.
• The motion is steady but slow because one balloon is pushing the total weight of both.
• As the red balloon loses air, it shrinks and the speed slightly decreases.
• A small jerk is observed when the first stage becomes empty and separation occurs.
• After separation, the blue balloon accelerates quickly and moves faster.
• The deflated red balloon remains behind as dead weight.
• The second stage travels a longer distance than the combined system.
• If alignment is improper, wobbling or sideways motion is observed, showing the importance of stability.

1.4 Balloon Two-Stage Rocket

(Ballon rocket) 
https://youtube.com/shorts/dhGpyp33Xec?si=upiFkGTa6IUeGx7c
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01 Launch

a. To understand the purpose of a rocket fairing.

b. To learn how shape affects air resistance and stability.

c. To explore impact force and cushioning.

d. To test different nose cone designs.

e. To develop engineering problem-solving skills.

Objective

To design and test a protective rocket fairing that can safely protect an “egg payload” during a drop test and 
understand how shape and cushioning affect impact survival.

Scientific Foundation

1.5 Fairing Design Challenge

From Countdown to Orbit Insertion

1.5 Fairing Design Challenge

ISRO designs payload fairings for launch vehicles such as PSLV and GSLV.

NASA tests fairings in wind tunnels and vibration chambers before real missions.

After the rocket leaves Earth’s atmosphere, the fairing separates because air resistance is no longer present.

Real-World Connection

17



1. Why is it important to keep the 
payload stable inside the 
structure?

2. How did changing the shape or 
material improve your design?

Thinking Questions
Students should observe:
• Which shape falls more steadily.
• Which design protects the egg best.
• How cushioning affects impact.
• How stability influences landing orientation.

Observations

1.5 Fairing Design Challenge

1. What is the main purpose of a fairing?

A. Decoration  B. Protect the payload  C. Increase weight

2. What helps reduce damage during impact?

A. Hard surface  B. Cushioning material  C. More weight

3. A pointed shape helps reduce air resistance A. True  B. False

4. A loose payload inside the structure is safe A. True  B. False

Self-Assessment Trivia

The experiment shows that streamlined shapes effectively reduce drag, while balanced designs significantly 
improve flight stability. Using cushioning increases the stopping time during impact, which reduces the total 
force acting on the internal components.A rocket fairing must protect the payload both aerodynamically and 
structurally throughout the mission. Successful design requires a deep understanding of air resistance and 
impact physics to ensure the safety of the satellite.

Analysis and Conclusion

1.5 Fairing Design Challenge

Procedure 

Students design a fairing structure around the egg 
and drop it from a fixed height. The survival of the 
egg indicates: Effectiveness of aerodynamic 
shape, Stability during fall Efficiency of the 
cushioning system

1) Raw eggs (one per group)
2) Chart paper or cardboard
3) Tape
4) Cotton/sponge/tissue paper
5) Rubber bands
6) Scissors
7) Measuring tape
8) Safe drop area

Working PrincipleMaterials Required 

Conduct drop test under 
supervision.
Maintain safe distance 
during drop.
Clean broken eggs 
immediately.
Handle scissors carefully.
Ensure stable drop height.

• Helmets protect the human head by absorbing impact and reducing 
injury during accidents

• Airbags in cars use cushioning to reduce force during collisions and 
keep passengers safe

• Packaging materials like bubble wrap protect fragile items from 
damage during transport

• Mobile phone cases are designed to absorb shock and prevent 
damage when dropped

Where Else Do We See This Science? Precautions & Safety

Lets start with the activity
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1. Why is it important to keep the
payload stable inside the
structure?

2. How did changing the shape or
material improve your design?

Thinking Questions
Students should observe:
• Which shape falls more steadily.
• Which design protects the egg best.
• How cushioning affects impact.
• How stability influences landing orientation.

Observations

1.5 Fairing Design Challenge

1. What is the main purpose of a fairing?

A. Decoration  B. Protect the payload  C. Increase weight

2. What helps reduce damage during impact?

A. Hard surface  B. Cushioning material  C. More weight

3. A pointed shape helps reduce air resistance   A. True  B. False

4. A loose payload inside the structure is safe    A. True  B. False

Self-Assessment Trivia

The experiment shows that streamlined shapes effectively reduce drag, while balanced designs significantly 
improve flight stability. Using cushioning increases the stopping time during impact, which reduces the total 
force acting on the internal components.A rocket fairing must protect the payload both aerodynamically and 
structurally throughout the mission. Successful design requires a deep understanding of air resistance and 
impact physics to ensure the safety of the satellite.

Analysis and Conclusion

1.5 Fairing Design Challenge

Procedure 

Students design a fairing structure around the egg 
and drop it from a fixed height. The survival of the 
egg indicates: Effectiveness of aerodynamic 
shape, Stability during fall Efficiency of the 
cushioning system

1) Raw eggs (one per group)
2) Chart paper or cardboard
3) Tape
4) Cotton/sponge/tissue paper
5) Rubber bands
6) Scissors
7) Measuring tape
8) Safe drop area

Working PrincipleMaterials Required 

Conduct drop test under 
supervision.
Maintain safe distance 
during drop.
Clean broken eggs 
immediately.
Handle scissors carefully.
Ensure stable drop height.

• Helmets protect the human head by absorbing impact and reducing
injury during accidents

• Airbags in cars use cushioning to reduce force during collisions and
keep passengers safe

• Packaging materials like bubble wrap protect fragile items from
damage during transport

• Mobile phone cases are designed to absorb shock and prevent
damage when dropped

Where Else Do We See This Science? Precautions & Safety

Lets start with the activity
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Additional Links

(Fairing separation of Starlink)
https://youtube.com/shorts/W7E26teqY0U?si=TPSTa5oLpdEutOtZ

(Fairing separation of Falcon9)
https://youtube.com/shorts/KeOUXgeG8v0?si=BobLJ83fKtddEcZ0

Answer: Pre-Activity Engagement  1. A    2. B,    Self-Assessment   1. B  2. B  3.  A  4.  B

1.5 Fairing Design Challenge20



01 Launch

a. To understand how an object can move in a circular path.

b. To learn how force and speed help an object stay in orbit.

c. To observe how changing speed affects motion.

d. To relate the activity to how satellites move around Earth.

Objective

To understand how objects stay in orbit by balancing speed and force, using a ball and string model.

Scientific Foundation

1.6 Ball on String Orbit Demo

From Countdown to Orbit Insertion

1.6 Ball on String Orbit Demo 21



1.6 Ball on String Orbit Demo

1. Which part of Earth moves the fastest?

A. Poles  B. Equator  C. Both same

2. Why is launching from the Equator beneficial?

A. More gravity  B. Higher speed due to Earth’s rotation  C. Less air

3. Objects at the Equator experience higher outward effect  A. True  B. False

4. Motion of Earth has no effect on rocket launch  A. True  B. False

1. Why did the arrow at the Equator 
fly off more easily than the one at 
the Pole?

2. How does Earth’s rotation help 
rockets save fuel?

Thinking Questions
Students should observe:
• At higher speed, the ball moves in 

a stable circular path.  
• At lower speed, the ball falls inward.  
• If released, the ball moves in a straight line.  
• Longer string creates a larger circular path.  

Observations

The experiment shows that when we swing a ball on a string, the inward pull keeps the ball moving in a circular 
path. Similarly, in space, gravity pulls satellites toward Earth, but if they move at the right speed, they maintain 
a stable orbit instead of falling inward or moving away. An object stays in orbit when its forward motion and the 
inward pull of gravity are perfectly balanced. This balance is exactly how satellites remain around Earth, as 
their speed keeps them moving forward while gravity provides the necessary pull to maintain their path.

Self-Assessment Trivia

Analysis and Conclusion

ISRO launches many rockets eastward from Sriharikota to benefit from Earth’s rotational speed. Similarly, 
NASA launches rockets from Florida in an eastward direction for the same reason to gain additional velocity 
from Earth’s spin. Understanding Earth’s rotation is important for space agencies when calculating satellite 
paths and launch trajectories.

Real-World Connection

1.6 Ball on String Orbit Demo

When a ball is tied to a string and swung in a circle, 
the string pulls the ball inward. This inward force is 
called centripetal force. At the same time, the ball 
keeps moving forward due to its velocity.  The 
balance between inward pull and forward motion 
creates a circular path, similar to how satellites orbit 
Earth.  

1) Small ball (rubber ball or foam ball)

2) Strong string (1–2 meters long)

3) Open space (classroom or ground)

4) Measuring tape (optional)

5) Marker or chalk (optional, to mark circle)

Working PrincipleMaterials Required 

Procedure 

Lets start with the activity
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1.6 Ball on String Orbit Demo

1. Which part of Earth moves the fastest?

A. Poles  B. Equator  C. Both same

2. Why is launching from the Equator beneficial?

A. More gravity  B. Higher speed due to Earth’s rotation  C. Less air

3. Objects at the Equator experience higher outward effect  A. True  B. False

4. Motion of Earth has no effect on rocket launch  A. True  B. False

1. Why did the arrow at the Equator
fly off more easily than the one at
the Pole?

2. How does Earth’s rotation help
rockets save fuel?

Thinking Questions
Students should observe:
• At higher speed, the ball moves in

a stable circular path.
• At lower speed, the ball falls inward.
• If released, the ball moves in a straight line.
• Longer string creates a larger circular path.

Observations

The experiment shows that when we swing a ball on a string, the inward pull keeps the ball moving in a circular 
path. Similarly, in space, gravity pulls satellites toward Earth, but if they move at the right speed, they maintain 
a stable orbit instead of falling inward or moving away. An object stays in orbit when its forward motion and the 
inward pull of gravity are perfectly balanced. This balance is exactly how satellites remain around Earth, as 
their speed keeps them moving forward while gravity provides the necessary pull to maintain their path.

Self-Assessment Trivia

Analysis and Conclusion

ISRO launches many rockets eastward from Sriharikota to benefit from Earth’s rotational speed. Similarly, 
NASA launches rockets from Florida in an eastward direction for the same reason to gain additional velocity 
from Earth’s spin. Understanding Earth’s rotation is important for space agencies when calculating satellite 
paths and launch trajectories.

Real-World Connection

1.6 Ball on String Orbit Demo

When a ball is tied to a string and swung in a circle, 
the string pulls the ball inward. This inward force is 
called centripetal force. At the same time, the ball 
keeps moving forward due to its velocity. The 
balance between inward pull and forward motion 
creates a circular path, similar to how satellites orbit 
Earth.  

1) Small ball (rubber ball or foam ball)  

2) Strong string (1–2 meters long)  

3) Open space (classroom or ground)  

4) Measuring tape (optional)  

5) Marker or chalk (optional, to mark circle) 

Working PrincipleMaterials Required 

Procedure 

Lets start with the activity
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Answer:-Pre-Activity Engagement    1. B     2. B ,    Self-Assessment   1. B  2. B  3.  A  4.  B

Ensure sufficient open 
space  
Do not swing the ball near 
other students  
Hold the string firmly  
Use a lightweight ball  
Do not rotate at very high 
speed  
Teacher supervision 
required  

• Satellites stay in orbit around Earth by balancing their speed with
gravitational force

• The Moon moves around Earth in a stable orbit due to gravity and
forward motion

• Planets revolve around the Sun in circular or elliptical orbits due to
gravitational pull

• A stone tied to a string moves in a circular path when swung due to
inward force

• Roller coasters use circular motion and forces to safely move along
curved tracks

Where Else Do We See This Science? Precautions & Safety

1.6 Ball on String Orbit Demo24



02 On-Orbit

a. Understand Orbital Velocity: To learn why satellites stay in space instead of
falling to the ground.

b. Visualize Ground Tracks: To observe how a satellite's path moves across a 3D globe.

c. Master TLE Data: To use real-time tracking apps and predict overhead passes.

d. Differentiate Motion: To understand the difference between the satellite's movement
and Earth's rotation.

Objective

To track the International Space Station (ISS) in real-time and understand how a satellite establishes and 
maintains a stable path around Earth.

Scientific Foundation

2.1 Satellite Orbit Establishment and Tracking

Operations in the Orbital Environment

2.1 Satellite Orbit Establishment and Tracking

During ISRO's Gaganyaan missions, ground stations at Bangalore and Mauritius track the capsule every 
second. They use TLE (Two-Line Element) data a specific code that describes the satellite's exact position 
and speed to make sure the orbit hasn't changed due to atmospheric drag.

Real-World Connection
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1. Why does the ISS not pass over 
the same location every time?

2. How can we predict when a 
satellite will pass over our city?

Thinking Questions

Students should observe:
• The ISS takes only 90 minutes to go 

around the entire world once.
• The path on the globe is a straight diagonal 

line, but on a flat map, it looks like a curve.
• The ISS does not pass over the same spot 

twice in a row; it moves further west each time 
because the Earth is rotating.

Observations

2.1 Satellite Orbit Establishment and Tracking

1. What causes the changing ground path of a satellite?

A. Satellite changing direction  B. Earth’s rotation  C. Gravity changing

2. What does an orbital plane represent?

A. Path of airplane  B. Fixed path of satellite in space  C. Earth’s surface

3. Satellites move exactly with Earth’s rotation A. True   B. False

4. Earth rotates approximately 15 degrees every hour  A. True  B. False

Self-Assessment Trivia

The tracking activity shows that a satellite remains in orbit because of the precise balance between gravity 
and its high sideways velocity. Gravity continuously pulls the satellite toward Earth, but its forward speed 
causes it to constantly "miss" the ground, creating a continuous curved path.Establishing a stable orbit 
depends not just on altitude, but on achieving the correct balance between velocity and gravitational pull. This 
experiment confirms that maintaining a specific orbital path is a result of these two forces working in perfect 
synchronization.

Analysis and Conclusion

2.1 Satellite Orbit Establishment and Tracking

Procedure 

The experiment operates on the principle of 
Relative Orbital Mechanics. It shows that while the 
satellite maintains a fixed plane in space, the Earth 
rotates 15 degrees every hour. This "relative" 
movement creates the changing path we see from 
the ground.

1) Digital Tool: A tracking app (ISS Detector,
Heavens-Above, or Stellarium).

2) 3D Model: A Physical Globe.
3) Marker: A dry-erase marker (whiteboard

marker).
4) Data Source: Live Internet access for real-time

coordinates.

Materials Required Working Principle

Software Setup:
Install any satellite tracking app such as:- ISS 
Detector (Android/iOS),  Heavens-Above 
(website), Stellarium (mobile/desktop) These can 
be downloaded from the Google Play Store, Apple 
App Store, or accessed via their official websites. 
Ensure location access (GPS) is enabled for 
accurate tracking.

Lets start with the activity
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1. Why does the ISS not pass over
the same location every time?

2. How can we predict when a
satellite will pass over our city?

Thinking Questions

Students should observe:
• The ISS takes only 90 minutes to go

around the entire world once.
• The path on the globe is a straight diagonal

line, but on a flat map, it looks like a curve.
• The ISS does not pass over the same spot

twice in a row; it moves further west each time
because the Earth is rotating.

Observations

2.1 Satellite Orbit Establishment and Tracking

1. What causes the changing ground path of a satellite?

A. Satellite changing direction  B. Earth’s rotation  C. Gravity changing

2. What does an orbital plane represent?

A. Path of airplane  B. Fixed path of satellite in space  C. Earth’s surface

3. Satellites move exactly with Earth’s rotation  A. True   B. False

4. Earth rotates approximately 15 degrees every hour  A. True  B. False

Self-Assessment Trivia

The tracking activity shows that a satellite remains in orbit because of the precise balance between gravity 
and its high sideways velocity. Gravity continuously pulls the satellite toward Earth, but its forward speed 
causes it to constantly "miss" the ground, creating a continuous curved path.Establishing a stable orbit 
depends not just on altitude, but on achieving the correct balance between velocity and gravitational pull. This 
experiment confirms that maintaining a specific orbital path is a result of these two forces working in perfect 
synchronization.

Analysis and Conclusion

2.1 Satellite Orbit Establishment and Tracking

Procedure 

The experiment operates on the principle of 
Relative Orbital Mechanics. It shows that while the 
satellite maintains a fixed plane in space, the Earth 
rotates 15 degrees every hour. This "relative" 
movement creates the changing path we see from 
the ground.

1) Digital Tool: A tracking app (ISS Detector, 
Heavens-Above, or Stellarium).

2) 3D Model: A Physical Globe.
3) Marker: A dry-erase marker (whiteboard 

marker).
4) Data Source: Live Internet access for real-time 

coordinates.

Materials Required Working Principle

Software Setup:
Install any satellite tracking app such as:- ISS 
Detector (Android/iOS), Heavens-Above 
(website), Stellarium (mobile/desktop) These can 
be downloaded from the Google Play Store, Apple 
App Store, or accessed via their official websites. 
Ensure location access (GPS) is enabled for 
accurate tracking.

Lets start with the activity
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Answer:-.Pre-Activity Engagement - 1. C  2. B ,   Self-Assessment - 1. B  2. B  3.  B  4.  A

Device Safety: Do not use 
permanent markers on the 
globe.

Sky Watching: If observing 
the ISS at night, always stay 
in a safe, open area with an 
adult.

Signal:  Tracking apps 
require a GPS/Data signal to 
be accurate; calibrate your 
compass before predicting.

• GPS on your phone works because 24 satellites maintain precise
orbits, constantly sending location signals to Earth

• Weather forecasting satellites follow fixed orbital paths to capture
consistent images of clouds and storms

• Air traffic control tracks aircraft positions in real time, just like ground
stations track satellites overhead

• Wildlife researchers fit animals with GPS collars whose signals are
received by orbiting satellites to track migration

Where Else Do We See This Science? Precautions & Safety

2.1 Satellite Orbit Establishment and Tracking28



02 On-Orbit

a. To understand the alignment of the Sun, Earth, and Moon.

b. To differentiate between solar and lunar eclipses.

c. To observe shadow formation (umbra and penumbra).

d. To relate the model to real astronomical events.

e. To develop spatial visualization skills.

Objective

To understand how solar and lunar eclipses occur using a simple model of the Sun, Earth, and Moon.

Scientific Foundation

2.2 Eclipse and Sun Region Demonstration

Operations in the Orbital Environment

2.2 Eclipse and Sun Region Demonstration

ISRO studies eclipses to understand solar radiation and its effect on satellites.

Similarly, NASA observes eclipses to study the Sun’s corona and improve space weather prediction.

Eclipse observations help scientists understand solar activity, which can affect communication satellites and 
power systems on Earth.

Real-World Connection
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1. Why is temperature control 
important for satellites?

2. How do satellites survive extreme 
temperature changes?

Thinking Questions

Students should observe:
• Students observe that the satellite model 

becomes bright when facing the torch and 
completely dark when behind the Earth.

• They notice that the transition from light to dark 
happens quickly, showing how fast temperature 
changes occur in orbit.

• Students also observe that the satellite 
experiences both extreme condit ions 
repeatedly, not just once.

• This helps them realize how difficult the space 
environment is for machines.

Observations

2.2 Eclipse and Sun Region Demonstration

Did You Know?

A solar eclipse reveals the Sun’s outer 
atmosphere, called the corona.

1. Why does a satellite heat up in space?

A. Due to air friction  B. Due to direct sunlight  C. Due to gravity

2. What happens when a satellite enters Earth’s shadow?

A. It becomes hotter  B. Temperature drops rapidly  C. Nothing changes

3. Space has uniform temperature everywhere  A. True  B. False

4. Satellites experience repeated heating and cooling cycles  A. True  B. False

Self-Assessment Trivia

This experiment shows that satellites experience rapid temperature changes as they move between sunlight 
and Earth’s shadow. It helps students understand that space temperature is not constant. Therefore, 
satellites need proper thermal control systems to work safely in such extreme conditions.

Analysis and Conclusion

Pre-Activity Engagement

2.2 Eclipse and Sun Region Demonstration

1) One large ball (Sun)
2) One medium ball (Earth)
3) One small ball (Moon)
4) Torch or lamp (light source)
5) Stand or holders
6) Dark room

Materials Required Working Principle

(Lunar and Solar Eclips)
https://www.youtube.com/watch?v=n7tnHPDH5d8

Procedure 

Lets start with the activity
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1. Why is temperature control
important for satellites?

2. How do satellites survive extreme
temperature changes?

Thinking Questions

Students should observe:
• Students observe that the satellite model

becomes bright when facing the torch and
completely dark when behind the Earth.

• They notice that the transition from light to dark
happens quickly, showing how fast temperature
changes occur in orbit.

• Students also observe that the satellite
experiences both extreme condit ions
repeatedly, not just once.

• This helps them realize how difficult the space
environment is for machines.

Observations

2.2 Eclipse and Sun Region Demonstration

Did You Know?

A solar eclipse reveals the Sun’s outer 
atmosphere, called the corona.

1. Why does a satellite heat up in space?

A. Due to air friction  B. Due to direct sunlight  C. Due to gravity

2. What happens when a satellite enters Earth’s shadow?

A. It becomes hotter  B. Temperature drops rapidly  C. Nothing changes

3. Space has uniform temperature everywhere  A. True  B. False

4. Satellites experience repeated heating and cooling cycles  A. True  B. False

Self-Assessment Trivia

This experiment shows that satellites experience rapid temperature changes as they move between sunlight 
and Earth’s shadow. It helps students understand that space temperature is not constant. Therefore, 
satellites need proper thermal control systems to work safely in such extreme conditions.

Analysis and Conclusion

Pre-Activity Engagement

2.2 Eclipse and Sun Region Demonstration

1) One large ball (Sun)
2) One medium ball (Earth)
3) One small ball (Moon)
4) Torch or lamp (light source)
5) Stand or holders
6) Dark room

Materials Required Working Principle

(Lunar and Solar Eclips)
https://www.youtube.com/watch?v=n7tnHPDH5d8

Procedure 

Lets start with the activity
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Answer:- Pre-Activity Engagement - 1. B 2. C ,  Self-Assessment   1. B  2. B  3.  B  4.  A

Never look directly at the 
Sun.

Use proper eclipse glasses 
for real observation.

Handle the torch carefully.

Ensure stable placement of 
balls.

Avoid tripping hazards in a 
dark room

• Solar panels on buildings produce less electricity during cloudy days,
just like satellites lose power in Earth's shadow

• Scientists use solar eclipses to study the Sun's corona, which is
invisible during normal daylight

Where Else Do We See This Science? Precautions & Safety
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02 On-Orbit

a. Understand Heat Transfer: To observe how radiant energy (sunlight) heats
surfaces without the presence of moving air.

b. Observe Thermal Extremes: To measure the simultaneous occurrence of
"Boiling" and "Freezing" conditions on one object.

c. Evaluate Insulation: To test the effectiveness of reflective materials
(MLI simulation) in controlling temperature.4+

d. Engineering Application: To relate the experiment to how satellites survive
16 "Oven-to-Freezer" cycles every day.

Objective

To demonstrate how extreme temperature differences (thermal gradients) occur on a single object in a sunlit 
environment and to test how reflective insulation protects it.

Scientific Foundation

2.3 Thermal Control Hot and Cold Demo

Operations in the Orbital Environment
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1. Why are satellites often covered 
with reflective materials?

2 How does using reflective 
surfaces help control temperature 
in space?

Thinking Questions

Students should observe:
• Unprotected Phase: The Black side will be 

significantly hotter than the ambient air (e.g., if air 
is 30°C, the black side might be 55°C). The 
shaded side will remain much cooler.

• Protected Phase: The Aluminum foil will reflect 
most of the light, keeping the surface 
temperature much closer to the ambient air 
temperature.

• The Gradient: Students will observe that the 
difference between the two sides can be as much 
as 20°C-30°C in just a few inches of distance.

Observations

2.3 Thermal Control Hot and Cold Demo

1. What is albedo?

A. Heat produced by an object   B. Ability to reflect light  C. Air pressure

2. Which surface absorbs more heat?

A. White  B. Black  C. Shiny foil

3. Light colors reflect more heat than dark colors  A. True  B. False

4. Aluminum foil increases heat absorption  A. True  B. False

Self-Assessment Trivia

The experiment demonstrates that in an environment without air, an object's temperature is determined 
solely by how much light it absorbs or reflects. Active and Passive Thermal Control Systems are mandatory 
because a satellite cannot survive the extreme thermal split of space without assistance.Reflective coatings 
serve as the most effective way to protect delicate space electronics from intense solar radiation. By 
managing how energy is absorbed and reflected, these systems ensure the satellite maintains a stable 
temperature throughout its mission.

Analysis and Conclusion

2.3 Thermal Control Hot and Cold Demo

This experiment operates on the principle of 
Surface Albedo and Radiative Balance. It shows 
that dark colors absorb more radiant energy than 
light or reflective colors. By isolating the two sides of 
a box, we prevent thermal conduction from 
equalizing the temperature, creating a "Space-like" 
thermal split.

1) The Satellite Model: A cardboard box (shoe
box size).

2) Surface Finishes: One sheet of Black chart
paper, one sheet of White chart paper.

3) Thermal Barrier: Aluminum foil (to simulate
MLI).

4) Measuring Tools: Two digital thermometers
(probe style) or an Infrared (IR) temperature gun
or alcohol thermometer.

5) Heat Source: Direct noon sunlight or a high-
wattage (500W) work lamp.

Materials Required Working Principle

Lets start with the activity

The James Webb Space Telescope (JWST): The JWST has a giant 5-layer 
sunshield. One side faces the Sun and is hot enough to boil water (85°C). Just 
a few inches away, on the shaded side where the telescopes are, the 
temperature is a freezing -233°C. This experiment mimics that exact 
phenomenon.

Real-World Connection

Procedure 
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1. Why are satellites often covered
with reflective materials?

2 How does using reflective 
surfaces help control temperature 
in space?

Thinking Questions

Students should observe:
• Unprotected Phase: The Black side will be

significantly hotter than the ambient air (e.g., if air 
is 30°C, the black side might be 55°C). The 
shaded side will remain much cooler.

• Protected Phase: The Aluminum foil will reflect
most of the light, keeping the surface
temperature much closer to the ambient air
temperature.

• The Gradient: Students will observe that the
difference between the two sides can be as much
as 20°C-30°C in just a few inches of distance.

Observations

2.3 Thermal Control Hot and Cold Demo

1. What is albedo?

A. Heat produced by an object   B. Ability to reflect light  C. Air pressure

2. Which surface absorbs more heat?

A. White  B. Black  C. Shiny foil

3. Light colors reflect more heat than dark colors  A. True  B. False

4. Aluminum foil increases heat absorption  A. True  B. False

Self-Assessment Trivia

The experiment demonstrates that in an environment without air, an object's temperature is determined 
solely by how much light it absorbs or reflects. Active and Passive Thermal Control Systems are mandatory 
because a satellite cannot survive the extreme thermal split of space without assistance.Reflective coatings 
serve as the most effective way to protect delicate space electronics from intense solar radiation. By 
managing how energy is absorbed and reflected, these systems ensure the satellite maintains a stable 
temperature throughout its mission.

Analysis and Conclusion

2.3 Thermal Control Hot and Cold Demo

This experiment operates on the principle of 
Surface Albedo and Radiative Balance. It shows 
that dark colors absorb more radiant energy than 
light or reflective colors. By isolating the two sides of 
a box, we prevent thermal conduction from 
equalizing the temperature, creating a "Space-like" 
thermal split.

1) The Satellite Model: A cardboard box (shoe 
box size).

2) Surface Finishes: One sheet of Black chart 
paper, one sheet of White chart paper.

3) Thermal Barrier: Aluminum foil (to simulate 
MLI).

4) Measuring Tools: Two digital thermometers 
(probe style) or an Infrared (IR) temperature gun 
or alcohol thermometer.

5) Heat Source: Direct noon sunlight or a high-
wattage (500W) work lamp.

Materials Required Working Principle

Lets start with the activity

The James Webb Space Telescope (JWST): The JWST has a giant 5-layer 
sunshield. One side faces the Sun and is hot enough to boil water (85°C). Just 
a few inches away, on the shaded side where the telescopes are, the 
temperature is a freezing -233°C. This experiment mimics that exact 
phenomenon.

Real-World Connection

Procedure 
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Answer:- Pre-Activity Engagement-  1. A    2. B,    Self-Assessment   1. B  2. B  3.  A  4.  B

Skin Protection: Wear a hat 
and use sunscreen if working 
under the noon sun for long.

Eye Safety: Do not stare at 
the sun or the bright reflection 
of the foil.

Lamp Warning: If using a 
lamp indoors, keep it at least 
1 foot away from the 
cardboard to prevent fire 
hazards.

• Emergency "space blankets" used by hikers reflect body heat to
prevent hypothermia in cold conditions

• White-painted rooftops in hot cities like Jaipur reflect sunlight to keep
buildings naturally cooler

• Thermos flasks use reflective inner walls to keep drinks hot or cold for
hours

• Wearing light-coloured clothes in summer reflects sunlight and keeps
your body cooler

Where Else Do We See This Science? Precautions & Safety
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02 On-Orbit

a. To understand "Attitude Control" (the orientation of a satellite).

b. To learn how changing the distribution of mass affects rotation speed.

c. To observe the Conservation of Angular Momentum in action.

d. To relate this to how satellites use "Reaction Wheels" to stay stable.

Objective

To demonstrate how a satellite controls its spinning speed and direction using the principle of Conservation of 
Angular Momentum.

Scientific Foundation

2.4 Spinning Stool Stabilization Demo

Operations in the Orbital Environment
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1. Why must speed increase when 
mass is pulled inward?

2. How is this concept useful in 
satellites or space systems?

Thinking Questions

Students should observe:
• When arms are extended, the spinning is slow 

and stable.
• When arms are pulled in, the speed increases 

dramatically without anyone pushing you again.
• The moment you move your arms, the speed 

changes instantly.

Observations

2.4 Spinning Stool Stabilization Demo

1. What happens when mass moves closer to the center of rotation?

A. Speed decreases  B. Speed increases  C. No effect

2. What is angular velocity?

A. Force of rotation  B. Speed of rotation  C. Direction of motion

3. Pulling mass inward increases rotation speed  A. True  B. False

4. Angular momentum changes without any external force  A. True  B. False

Self-Assessment Trivia

We conclude that mass distribution controls rotation. Satellites use this to stay stable. If a satellite is spinning 
too fast, it can extend long booms (poles) to slow down. If it needs to turn quickly to face a new target, it pulls 
its mass inward or uses internal wheels to shift momentum.

Analysis and Conclusion

2.4 Spinning Stool Stabilization Demo

This experiment works on Newton’s Laws of 
Rotation. By moving the weights closer to the axis 
of rotation, you decrease the "Moment of Inertia." 
To keep the Angular Momentum constant, the 
"Angular Velocity" (speed) must increase.

1) Rotating Stool/Chair: A chair that spins very
smoothly (low friction).

2) Hand Weights: Two dumbbells (1-2 kg) or two
heavy water bottles.

3) A Helper: To give the initial push.

4) Clear Space: To
avoid hitting anything
while spinning

Materials Required Working Principle

Lets start with the activity

Modern satellites developed by ISRO, such as Chandrayaan-3, use reaction wheels for orientation. Similarly, 
satellites developed by NASA, such as the James Webb Space Telescope, also use reaction wheels for 
precise control.These are heavy wheels inside the satellite. If the satellite needs to turn left, an electric motor 
spins the internal wheel to the right. Because of action–reaction, the entire satellite nudges in the opposite 
direction. No fuel is wasted a technique widely used by space agencies.

Real-World Connection

Procedure 
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1. Why must speed increase when
mass is pulled inward?

2. How is this concept useful in
satellites or space systems?

Thinking Questions

Students should observe:
• When arms are extended, the spinning is slow

and stable.
• When arms are pulled in, the speed increases

dramatically without anyone pushing you again.
• The moment you move your arms, the speed

changes instantly.

Observations

2.4 Spinning Stool Stabilization Demo

1. What happens when mass moves closer to the center of rotation?

A. Speed decreases  B. Speed increases  C. No effect

2. What is angular velocity?

A. Force of rotation  B. Speed of rotation  C. Direction of motion

3. Pulling mass inward increases rotation speed  A. True  B. False

4. Angular momentum changes without any external force  A. True  B. False

Self-Assessment Trivia

We conclude that mass distribution controls rotation. Satellites use this to stay stable. If a satellite is spinning 
too fast, it can extend long booms (poles) to slow down. If it needs to turn quickly to face a new target, it pulls 
its mass inward or uses internal wheels to shift momentum.

Analysis and Conclusion

2.4 Spinning Stool Stabilization Demo

This experiment works on Newton’s Laws of 
Rotation. By moving the weights closer to the axis 
of rotation, you decrease the "Moment of Inertia." 
To keep the Angular Momentum constant, the 
"Angular Velocity" (speed) must increase.

1) Rotating Stool/Chair: A chair that spins very 
smoothly (low friction).

2) Hand Weights: Two dumbbells (1-2 kg) or two 
heavy water bottles.

3) A Helper: To give the initial push.

4) Clear Space: To
avoid hitting anything 
while spinning

Materials Required Working Principle

Lets start with the activity

Modern satellites developed by ISRO, such as Chandrayaan-3, use reaction wheels for orientation. Similarly, 
satellites developed by NASA, such as the James Webb Space Telescope, also use reaction wheels for 
precise control.These are heavy wheels inside the satellite. If the satellite needs to turn left, an electric motor 
spins the internal wheel to the right. Because of action–reaction, the entire satellite nudges in the opposite 
direction. No fuel is wasted a technique widely used by space agencies.

Real-World Connection

Procedure 
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Answer:- Pre-Activity Engagement  1. B     2. B,    Self-Assessment   1. B  2. B  3.  A  4.  B

Don't over-spin: You might 
get dizzy and fall off.

Secure the weights: Make 
sure you have a firm grip so 
the weights don't fly off and 
hit someone.

Helper nearby: Have a helper 
stand at arm’s reach infront of 
the student close by to stop 
the chair if you get too dizzy.

• Ice skaters pull their arms inward to spin faster and stretch them out to
slow down gracefully

• Divers and gymnasts tuck their bodies mid-air to spin quickly before
straightening to land safely

• A spinning top stays upright due to the same gyroscopic stability used in
satellite attitude control

• Helicopter tail rotors counteract the spinning force of the main rotor to
keep the aircraft stable

Where Else Do We See This Science? Precautions & Safety
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02 On-Orbit

a. To identify the major components of a satellite.
b. To understand how satellites receive and transmit signals.
c. To learn how satellites generate power in space.
d. To relate the model to real communication and observation satellites.
e. To develop hands-on integration skills.

Objective

To assemble a basic satellite model/kit and understand the main parts and working of a satellite.

Scientific Foundation

2.5 Satellite Kit Integration Demo

Operations in the Orbital Environment
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1. Why is it important for all systems 
to be connected properly?

2. What will happen if the battery 
stops working in a satellite?

Thinking Questions

Students should observe:
• Students observe that the board does not work 

without power, showing the importance of EPS.
• They observe that wrong wiring prevents data 

from appearing.
• They observe that touching the sensor causes an 

immediate change in values.
• Students realize that the satellite is sensing the 

environment and sending data.

Observations

2.5 Satellite Kit Integration Demo

1. What is the role of a sensor in a satellite?

A. Provide power  B. Collect data  C. Control motion

2. What does a microcontroller do?

A. Stores fuel  B. Processes data  C. Increases speed

3. A satellite can work without power A. True  B. False

4. Communication system sends data to Earth  A. True  B. False

Self-Assessment Trivia

The activity demonstrates that satellites require multiple systems to function together, as power generation 
and communication systems are essential for continuous operation and connecting with Earth. Proper 
integration across these components ensures overall stability and efficiency during the mission.All satellite 
parts depend on each other, meaning that if one system fails, the entire mission is at risk. A satellite is truly a 
system of systems, where success relies on the seamless cooperation of every individual part.

Analysis and Conclusion

2.5 Satellite Kit Integration Demo

Power flows from the battery to the microcontroller. 
The microcontroller reads data from the sensor. 
The microcontroller sends this data to the laptop. 
This mimics how a real satellite senses its 
environment and communicates with Earth.

1) Main microcontroller board

2) Battery pack

3) Temperature or light sensor

4) Jumper wires

5) USB cable

6) Laptop/computer

Materials Required Working Principle

Lets start with the activity

ISRO operates satellites for communication (INSAT), navigation (NavIC), and Earth observation. Satellites 
are essential for GPS, television broadcasting, internet services, and disaster management.

Real-World Connection

Procedure 
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1. Why is it important for all systems
to be connected properly?

2. What will happen if the battery
stops working in a satellite?

Thinking Questions

Students should observe:
• Students observe that the board does not work

without power, showing the importance of EPS.
• They observe that wrong wiring prevents data

from appearing.
• They observe that touching the sensor causes an

immediate change in values.
• Students realize that the satellite is sensing the

environment and sending data.

Observations

2.5 Satellite Kit Integration Demo

1. What is the role of a sensor in a satellite?

A. Provide power  B. Collect data  C. Control motion

2. What does a microcontroller do?

A. Stores fuel  B. Processes data  C. Increases speed

3. A satellite can work without power  A. True  B. False

4. Communication system sends data to Earth  A. True  B. False

Self-Assessment Trivia

The activity demonstrates that satellites require multiple systems to function together, as power generation 
and communication systems are essential for continuous operation and connecting with Earth. Proper 
integration across these components ensures overall stability and efficiency during the mission.All satellite 
parts depend on each other, meaning that if one system fails, the entire mission is at risk. A satellite is truly a 
system of systems, where success relies on the seamless cooperation of every individual part.

Analysis and Conclusion

2.5 Satellite Kit Integration Demo

Power flows from the battery to the microcontroller. 
The microcontroller reads data from the sensor. 
The microcontroller sends this data to the laptop. 
This mimics how a real satellite senses its 
environment and communicates with Earth.

1) Main microcontroller board

2) Battery pack

3) Temperature or light sensor

4) Jumper wires

5) USB cable

6) Laptop/computer

Materials Required Working Principle

Lets start with the activity

ISRO operates satellites for communication (INSAT), navigation (NavIC), and Earth observation. Satellites 
are essential for GPS, television broadcasting, internet services, and disaster management.

Real-World Connection

Procedure 
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Answer:- Pre-Activity Engagement    1. B  2. B,   Self-Assessment   1. B  2. B  3.  B  4.  A

Handle kit components 
carefully.

Avoid forcing parts during 
assembly.

Follow the instruction manual 
properly.

Keep small parts away from 
younger children.

Te a c h e r  s u p e r v i s i o n
recommended.

• Smartphones combine a battery, processor, sensors, and antenna -
exactly like a satellite's integrated subsystems

• Hospital patient monitors use power, sensors, and communication
together to track and transmit health data

• Weather stations collect sensor data, process it, and transmit readings- 
just like a satellite sending telemetry

• Industrial robots use power, onboard computers, and sensors working
together to perform tasks autonomously

Where Else Do We See This Science? Precautions & Safety
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02 On-Orbit

a. To understand the purpose of space rovers.
b. To identify the basic parts of a rover.
c. To design a stable and movable rover model.
d. To promote reuse and sustainability using waste materials.
e. To connect rover design with real planetary missions.

Objective

To design and build a simple space rover model using waste materials and understand how rovers explore 
planetary surfaces.

Scientific Foundation

2.6 Design Rover Model Using Waste Material

Operations in the Orbital Environment
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2.6 Design Rover Model Using Waste Material

1. What is the role of an axle in a rover?

A. Store energy  B. Help wheels rotate  C. Increase weight

2. Why do rovers have a wide wheelbase?

A. To look bigger  B. To improve stability  C. To reduce speed

3. More wheels can improve rover stability  A. True  B. False

4. A narrow structure is more stable than a wide one A. True  B. False

Self-Assessment Trivia

The activity demonstrates that a stable base prevents tipping, while equal wheel alignment significantly 
improves smooth motion across different surfaces. A lightweight design is also essential as it improves 
overall mobility and ensures the rover can navigate efficiently. Rover design combines physics, mechanics, 
and creativity to solve the real challenges faced during planetary exploration. This process shows that 
successful engineering requires careful planning and constant testing to ensure the vehicle can survive harsh 
environments.

Analysis and Conclusion

2.6 Design Rover Model Using Waste Material

The rover model works on simple mechanical 
principles. The wheels are connected using axles, 
which rotate as the wheels move, allowing smooth 
motion. A balanced structure helps prevent the 
rover from tipping over, while a wide wheelbase 
improves stability on different surfaces. Students 
can also enhance the model by simulating solar 
panels using cardboard pieces and antennas using 
wires or sticks.

1) Cardboard boxes

2) Bottle caps (for wheels)

3) Ice cream sticks

4) Straws

5) Glue / Tape

6) Scissors

7) Skewers or sticks (for axles)

8) Small box (for body)

9) Chart paper for decoration

Materials Required Working Principle

Lets start with the activity

ISRO developed the Pragyan rover for lunar exploration. Similarly, NASA has sent several Mars rovers such 
as Perseverance and Curiosity to study the Martian surface.These rovers analyze soil, search for signs of 
water, and send valuable scientific data back to Earth an important function carried out by space agencies.

Real-World Connection

(Curiosity Rover) 
https://www.youtube.com/watch?v=sSpfJeVpZSg

Procedure 

Thinking Questions

Students should observe:
• Smoothness of wheel rotation.
• Stability while moving.
• Effect of wheel size on movement.
• Balance of weight distribution

Observations

1. Why is balance important for a 
rover moving on rough terrain?

2. How can you improve your rover 
design to make it more stable?
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2.6 Design Rover Model Using Waste Material

1. What is the role of an axle in a rover?

A. Store energy  B. Help wheels rotate  C. Increase weight

2. Why do rovers have a wide wheelbase?

A. To look bigger  B. To improve stability  C. To reduce speed

3. More wheels can improve rover stability  A. True  B. False

4. A narrow structure is more stable than a wide one  A. True  B. False

Self-Assessment Trivia

The activity demonstrates that a stable base prevents tipping, while equal wheel alignment significantly 
improves smooth motion across different surfaces. A lightweight design is also essential as it improves 
overall mobility and ensures the rover can navigate efficiently. Rover design combines physics, mechanics, 
and creativity to solve the real challenges faced during planetary exploration. This process shows that 
successful engineering requires careful planning and constant testing to ensure the vehicle can survive harsh 
environments.

Analysis and Conclusion

2.6 Design Rover Model Using Waste Material

The rover model works on simple mechanical 
principles. The wheels are connected using axles, 
which rotate as the wheels move, allowing smooth 
motion. A balanced structure helps prevent the 
rover from tipping over, while a wide wheelbase 
improves stability on different surfaces. Students 
can also enhance the model by simulating solar 
panels using cardboard pieces and antennas using 
wires or sticks.

1) Cardboard boxes

2) Bottle caps (for wheels)

3) Ice cream sticks

4) Straws

5) Glue / Tape

6) Scissors

7) Skewers or sticks (for axles)

8) Small box (for body)

9) Chart paper for decoration

Materials Required Working Principle

Lets start with the activity

ISRO developed the Pragyan rover for lunar exploration. Similarly, NASA has sent several Mars rovers such 
as Perseverance and Curiosity to study the Martian surface.These rovers analyze soil, search for signs of 
water, and send valuable scientific data back to Earth an important function carried out by space agencies.

Real-World Connection

(Curiosity Rover) 
https://www.youtube.com/watch?v=sSpfJeVpZSg

Procedure 

Thinking Questions

Students should observe:
• Smoothness of wheel rotation.
• Stability while moving.
• Effect of wheel size on movement.
• Balance of weight distribution

Observations

1. Why is balance important for a
rover moving on rough terrain?

2. How can you improve your rover
design to make it more stable?

47



Answer:- Pre-Activity Engagement     1. B    2. B,    Self-Assessment   1. B  2. B  3.  A  4.  B

Handle scissors carefully.

Use glue safely.

Avoid sharp edges.

Ensure wheels are securely 
attached.

Teacher supervision 
recommended.

• Bomb disposal robots navigate dangerous areas remotely, keeping
humans safely out of harm's way

• Agricultural robots move across fields on wide, stable wheel bases to
spray crops and plant seeds

• Search and rescue robots crawl through earthquake rubble to locate
survivors in unsafe areas

• Mining vehicles use wide wheelbases and multiple wheels to stay
stable on rough, uneven terrain

Where Else Do We See This Science? Precautions & Safety

2.6 Design Rover Model Using Waste Material

Did You Know?

Signals from Mars take 4 minutes when it’s closest 

and 24 minutes at the farthest to reach Earth
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03 Recovery / Re-entry

a. To understand the concept of motion in space.

b. To learn what a retrograde burn is.

c. To observe how thrust in the opposite direction reduces speed.

d. To relate the activity to satellite and spacecraft maneuvers.

e. To understand why stopping in space requires force

Objective

To demonstrate how firing thrust in the opposite direction (retrograde burn) slows down a moving object and to 
understand why objects in space cannot simply “stop.”

Scientific Foundation

3.1 Retrograde Burn Demonstration

The Fiery Journey Home

3.1 Retrograde Burn Demonstration 49



ISRO performs retrograde burns to place satellites into proper orbits and to deorbit spacecraft safely. 
Similarly, NASA uses retrograde burns for spacecraft docking and planetary landings. Retrograde burns are 
essential for safe re-entry and mission control in space agencies.

Real-World Connection

3.1 Retrograde Burn Demonstration

1. Why can’t spacecraft use brakes 
like cars?

2. How does changing the direction 
of thrust affect motion?

Thinking Questions

Students should observe the following:
• The balloon moves opposite to the escaping air.
• Faster air release causes greater motion.
• Opposite thrust reduces forward speed.
• Motion continues without friction.

Observations

3.1 Retrograde Burn Demonstration

The experiment demonstrates that motion continues indefinitely without an external force, meaning objects in 
space cannot stop unless a specific force is applied. Therefore, applying thrust in the opposite direction is the 
only way to effectively reduce speed and change the vehicle's trajectory. In a retrograde burn, the rocket fires 
its engine in the forward direction so that the thrust pushes backward against its motion. This creates a 
strategic force opposite to its velocity, which successfully reduces its speed to allow for maneuvers like orbital 
decay or landing.

Analysis and Conclusion

The balloon car works on Newton’s Third Law. 
When air rushes out of the balloon in one direction, 
the car moves in the opposite direction.

?To simulate a retrograde burn:

?Release air backward to move forward.

?Release air forward (reverse direction) to slow 
the car.

Working Principle

1) Balloon

2) Straw

3) String (3–4 meters)
4) Tape

5) Lightweight toy car or cardboard base

6) Two chairs or stands

7) Bottle caps (for wheels)

Procedure 

Materials Required 

1. Which law explains the motion of a balloon rocket?

A. Newton’s First Law B. Newton’s Second Law C. Newton’s Third Law

2. What is a retrograde burn?

A. Increasing speed    B. Slowing down using reverse thrust  C. Changing direction randomly

3. Air pushing backward makes the object move forward   A. True  B. False 

4. Spacecraft need air to slow down in space    A. True  B. False 

Ensure the string is tightly 
secured.
Do not overstretch the 
balloon.
Maintain a safe distance 
during release.
Avoid tripping over the string.
Teacher supervision 
recommended

• Aircraft use reverse thrust after landing to slow down rapidly on the 
runway

• Rowers paddle backward to slow or reverse a boat, applying force 
opposite to the motion

• Spacecraft docking with the ISS uses small retrograde burns to 
match speed precisely

• Cyclists apply brakes to create an opposing force in space, engines 
replace brakes entirely

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity  1.B  2.B ,    Self assessment Trivia -1. C   2.B  3.A   4.B

Lets start with the activity
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ISRO performs retrograde burns to place satellites into proper orbits and to deorbit spacecraft safely. 
Similarly, NASA uses retrograde burns for spacecraft docking and planetary landings. Retrograde burns are 
essential for safe re-entry and mission control in space agencies.

Real-World Connection

3.1 Retrograde Burn Demonstration

1. Why can’t spacecraft use brakes
like cars?

2. How does changing the direction
of thrust affect motion?

Thinking Questions

Students should observe the following:
• The balloon moves opposite to the escaping air.
• Faster air release causes greater motion.
• Opposite thrust reduces forward speed.
• Motion continues without friction.

Observations

3.1 Retrograde Burn Demonstration

The experiment demonstrates that motion continues indefinitely without an external force, meaning objects in 
space cannot stop unless a specific force is applied. Therefore, applying thrust in the opposite direction is the 
only way to effectively reduce speed and change the vehicle's trajectory. In a retrograde burn, the rocket fires 
its engine in the forward direction so that the thrust pushes backward against its motion. This creates a 
strategic force opposite to its velocity, which successfully reduces its speed to allow for maneuvers like orbital 
decay or landing.

Analysis and Conclusion

The balloon car works on Newton’s Third Law. 
When air rushes out of the balloon in one direction, 
the car moves in the opposite direction.

?To simulate a retrograde burn:

?Release air backward to move forward.

?Release air forward (reverse direction) to slow 
the car.

Working Principle

1) Balloon 

2) Straw   

3) String (3–4 meters) 
4) Tape   

5) Lightweight toy car or cardboard base 

6) Two chairs or stands   

7) Bottle caps (for wheels)

Procedure 

Materials Required 

1. Which law explains the motion of a balloon rocket?

A. Newton’s First Law B. Newton’s Second Law C. Newton’s Third Law

2. What is a retrograde burn?

A. Increasing speed    B. Slowing down using reverse thrust  C. Changing direction randomly

3. Air pushing backward makes the object move forward   A. True  B. False

4. Spacecraft need air to slow down in space    A. True  B. False

Ensure the string is tightly 
secured.
Do not overstretch the 
balloon.
Maintain a safe distance 
during release.
Avoid tripping over the string.
Teacher supervision 
recommended

• Aircraft use reverse thrust after landing to slow down rapidly on the
runway

• Rowers paddle backward to slow or reverse a boat, applying force
opposite to the motion

• Spacecraft docking with the ISS uses small retrograde burns to
match speed precisely

• Cyclists apply brakes to create an opposing force in space, engines
replace brakes entirely

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity  1.B  2.B ,    Self assessment Trivia -1. C   2.B  3.A   4.B

Lets start with the activity
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03 Recovery / Re-entry

a. To understand atmospheric friction and heat generation.

b. To learn why spacecraft need heat shields.

c. To observe the temperature rise due to motion and friction.

d. To relate the experiment to a real spacecraft re-entry.

e. To develop observation and analytical skills.

f. To observe how blunt shapes push fluid away more strongly than sharp shapes.

Objective

To understand why spacecraft experience extreme heat during atmospheric re-entry and to demonstrate heat 
generation using a simple water–pebble experiment.

Scientific Foundation

3.2 Water Pebble Experiment

The Fiery Journey Home
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ISRO designed heat shields for missions such as re-entry capsules and crew module tests. Similarly, NASA 
uses advanced thermal protection systems on spacecraft returning from orbit or deep space missions. 
Without heat shields, spacecraft would burn up during re-entry, making them essential for space agencies.

Real-World Connection

3.2 Water Pebble Experiment

1. How does a blunt shape keep 
heat away from the spacecraft?

2. Why are special materials 
needed for heat shields?

Thinking Questions

Students should observe:
• Students observe that sharp objects cause     

small disturbances in water, while blunt objects 
create strong waves.

• They observe that metal heats quickly, 
cardboard burns, and ceramic resists heat.

• They realize that shape and material both 
control how heat behaves.

Observations

3.2 Water Pebble Experiment

The experiment demonstrates that motion and friction produce heat, with faster motion leading to a significant 
increase in temperature. Even a small amount of friction can cause a measurable thermal change, showing 
how kinetic energy is converted into heat during high-speed travel. During atmospheric re-entry, extremely 
high speeds cause intense heating due to air compression and friction against the atmosphere. Heat shields 
are therefore essential to protect the spacecraft and its internal systems from these extreme temperatures.

Analysis and Conclusion

Procedure 

1. What is a shock wave?

A. Sound wave B. Strong disturbance in air due to high speed   C. Heat energy

2. Why are spacecraft heat shields blunt?

A. To increase speed  B. To keep heat away from the surface  C. To reduce weight

3. Pointed shapes are safer for re-entry      A. True  B.False 

4. Shock waves help protect spacecraft from extreme heat    A. True  B.False 

Self-Assessment Trivia

Safe Handling of Sharp 

Object

Use Stable Surface

• Meteors burn bright in the night sky due to the same atmospheric 
friction and compression as re-entry

• High-speed bullet trains use pointed nose cones to slice through air 
and reduce compression force

• Racing helmets are rounded and smooth to push air aside and 
reduce pressure on the rider's heat 

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity  1.C  2.B ,    Self assessment - 1.B   2.B   3.B   4.A

1) Large, clear bowl of water

2) Pencil (pointy object)

3) Flat coin or bottle cap

Materials Required 

Object Observation (What happened?) Scientific Meaning

Sharp Pencil It slices through the water easily 
with almost no ripples.

A pointy rocket "slices" the air, letting 1,500°C heat 
touch and melt the surface directly.

Flat Coin It creates a large splash and a big 
ripple that spreads out.

This big ripple is like a Shock Wave. It pushes the 
extreme heat away from the spacecraft.

Lets start with the activity
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ISRO designed heat shields for missions such as re-entry capsules and crew module tests. Similarly, NASA 
uses advanced thermal protection systems on spacecraft returning from orbit or deep space missions. 
Without heat shields, spacecraft would burn up during re-entry, making them essential for space agencies.

Real-World Connection

3.2 Water Pebble Experiment

1. How does a blunt shape keep
heat away from the spacecraft?

2. Why are special materials
needed for heat shields?

Thinking Questions

Students should observe:
• Students observe that sharp objects cause

small disturbances in water, while blunt objects
create strong waves.

• They observe that metal heats quickly,
cardboard burns, and ceramic resists heat.

• They realize that shape and material both
control how heat behaves.

Observations

3.2 Water Pebble Experiment

The experiment demonstrates that motion and friction produce heat, with faster motion leading to a significant 
increase in temperature. Even a small amount of friction can cause a measurable thermal change, showing 
how kinetic energy is converted into heat during high-speed travel. During atmospheric re-entry, extremely 
high speeds cause intense heating due to air compression and friction against the atmosphere. Heat shields 
are therefore essential to protect the spacecraft and its internal systems from these extreme temperatures.

Analysis and Conclusion

Procedure 

1. What is a shock wave?

A. Sound wave B. Strong disturbance in air due to high speed   C. Heat energy

2. Why are spacecraft heat shields blunt?

A. To increase speed  B. To keep heat away from the surface  C. To reduce weight

3. Pointed shapes are safer for re-entry      A. True  B.False

4. Shock waves help protect spacecraft from extreme heat    A. True  B.False

Self-Assessment Trivia

Safe Handling of Sharp 

Object

Use Stable Surface

• Meteors burn bright in the night sky due to the same atmospheric
friction and compression as re-entry

• High-speed bullet trains use pointed nose cones to slice through air
and reduce compression force

• Racing helmets are rounded and smooth to push air aside and
reduce pressure on the rider's heat

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity  1.C  2.B ,    Self assessment - 1.B   2.B   3.B   4.A

1) Large, clear bowl of water

2) Pencil (pointy object)

3) Flat coin or bottle cap

Materials Required 

Object Observation (What happened?) Scientific Meaning

Sharp Pencil It slices through the water easily 
with almost no ripples.

A pointy rocket "slices" the air, letting 1,500°C heat 
touch and melt the surface directly.

Flat Coin It creates a large splash and a big 
ripple that spreads out.

This big ripple is like a Shock Wave. It pushes the 
extreme heat away from the spacecraft.

Lets start with the activity
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03 Recovery / Re-entry

a. To understand heat transfer mechanisms.

b. To compare insulating properties of different materials.

c. To learn how heat shields protect spacecraft.

d. To observe how materials respond to heat exposure.

e. To develop experimental comparison skills.

Objective

To compare different materials and identify which material provides better thermal protection using a simple cotton 
heating experiment.

Scientific Foundation

3.3 Heat Shield Materials

The Fiery Journey Home
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ISRO uses specialized thermal materials for spacecraft re-entry modules. Similarly, NASA developed heat-
resistant tiles and ablative heat shields for returning spacecraft. Material selection is critical for astronaut 
safety and mission success in space agencies.

Real-World Connection

3.3 Heat Shield Materials

1. Why is ceramic better than metal 
for heat protection?

2. How do spacecraft use insulating 
materials to survive extreme 

Thinking Questions

Students should observe:
• Students observe that metal becomes hot very 

fast.
• They observe that cardboard burns but delays 

heat.
• They observe that ceramic resists heat transfer 

strongly.
• They see how different materials behave 

differently under the same flame.

Observations

3.3 Heat Shield Materials

The experiment demonstrates that metal transfers heat quickly as a good conductor, while materials like 
cardboard act as effective insulators to slow down heat transfer. Although aluminium foil reflects some heat, it 
can also conduct it, meaning that specific insulating materials are necessary to provide superior thermal 
protection. Spacecraft require materials with high heat resistance and low heat transfer properties to survive 
the intense conditions of atmospheric re-entry. By selecting and combining these materials correctly, 
engineers can ensure that the internal systems remain safe even when the outer shell faces extreme 
temperatures.

Analysis and Conclusion

Procedure 

1.What is heat conduction?

A. Movement of air  B. Transfer of heat through a material   C. Light energy

2. Which material is the best insulator among the following?

A. Aluminum B. Cardboard  C. Ceramic

3. Metals are good heat conductors  A. True   B. False 

4. Insulators allow heat to pass quickly  A. True   B. False

Self-Assessment Trivia

Perform only under teacher 

supervision.
Handle candle or heat source 

carefully.
Use tongs for holding materials.
Keep water nearby for safety.
Do not touch  hot materials 

immediately.

• Oven mitts use ceramic fibre to block heat, keeping hands 
safe from hot surfaces

• Firefighter jackets use layered insulating materials to protect 
against intense flames

• Building insulation like fiberglass traps heat inside homes 
during winter

• Ceramic mugs stay cool on the outside even when filled with 
boiling tea

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre- activity  1. A    2. C,     Self assessment   1.B   2.C   3.A   4.B

1) Candle or spirit lamp

2) Cotton  ball (astronaut)

3) Aluminum foil

4) Cardboard

5) Ceramic tile or thick clay plate

6) Tongs

7) Stopwatch

Materials Required 

Lets start with the activity

Working Principle

(Types of Heat Transfer)  
https://www.youtube.com/watch?v=Me60Ti0E_rY
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ISRO uses specialized thermal materials for spacecraft re-entry modules. Similarly, NASA developed heat-
resistant tiles and ablative heat shields for returning spacecraft. Material selection is critical for astronaut 
safety and mission success in space agencies.

Real-World Connection

3.3 Heat Shield Materials

1. Why is ceramic better than metal
for heat protection?

2. How do spacecraft use insulating
materials to survive extreme

Thinking Questions

Students should observe:
• Students observe that metal becomes hot very

fast.
• They observe that cardboard burns but delays

heat.
• They observe that ceramic resists heat transfer

strongly.
• They see how different materials behave

differently under the same flame.

Observations

3.3 Heat Shield Materials

The experiment demonstrates that metal transfers heat quickly as a good conductor, while materials like 
cardboard act as effective insulators to slow down heat transfer. Although aluminium foil reflects some heat, it 
can also conduct it, meaning that specific insulating materials are necessary to provide superior thermal 
protection. Spacecraft require materials with high heat resistance and low heat transfer properties to survive 
the intense conditions of atmospheric re-entry. By selecting and combining these materials correctly, 
engineers can ensure that the internal systems remain safe even when the outer shell faces extreme 
temperatures.

Analysis and Conclusion

Procedure 

1.What is heat conduction?

A. Movement of air  B. Transfer of heat through a material   C. Light energy

2. Which material is the best insulator among the following?

A. Aluminum B. Cardboard  C. Ceramic

3. Metals are good heat conductors  A. True   B. False

4. Insulators allow heat to pass quickly  A. True   B. False

Self-Assessment Trivia

Perform only under teacher 

supervision.
Handle candle or heat source 

carefully.
Use tongs for holding materials.
Keep water nearby for safety.
Do not touch  hot materials 

immediately.

• Oven mitts use ceramic fibre to block heat, keeping hands
safe from hot surfaces

• Firefighter jackets use layered insulating materials to protect
against intense flames

• Building insulation like fiberglass traps heat inside homes
during winter

• Ceramic mugs stay cool on the outside even when filled with
boiling tea

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre- activity  1. A    2. C,     Self assessment   1.B   2.C   3.A   4.B

1) Candle or spirit lamp

2) Cotton  ball (astronaut)

3) Aluminum foil

4) Cardboard

5) Ceramic tile or thick clay plate

6) Tongs

7) Stopwatch

Materials Required 

Lets start with the activity

Working Principle

(Types of Heat Transfer)  
https://www.youtube.com/watch?v=Me60Ti0E_rY
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03 Recovery / Re-entry

a. To understand how parachutes reduce falling speed.

b. To explore the concept of air resistance (drag).

c. To test how surface area affects descent time.

d. To compare different parachute shapes and materials.

e. To develop design thinking and testing skills.

Objective

To design and test different parachutes for an egg payload and understand how size, shape, and material affect 
descent speed and safe landing.

Scientific Foundation

3.4 Parachute Design Challenge 

The Fiery Journey Home

3.4 Parachute Design Challenge 

ISRO uses parachutes for safe recovery of crew modules and space capsules. NASA uses large parachutes 
for capsule landings and planetary missions.Parachutes are critical for safe re-entry and landing.

Real-World Connection
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3.4 Parachute Design Challenge 

1. Why must parachute strings be 
equal in length?

2. How does canopy shape affect 
parachute performance?

Thinking Questions

Students should observe:

• Larger parachutes fall more slowly.

• Uneven strings cause spinning.

• Heavy materials increase speed.

• Stable designs land upright.

Observations

The experiment shows that drag increases with surface area, and a balanced design is essential for 
maintaining stability during flight. Using lightweight materials improves overall performance, while a proper 
canopy shape ensures that the descent is slowed effectively for a controlled arrival. Parachutes slow descent 
by significantly increasing air resistance to counteract the pull of gravity. An effective design requires carefully 
balancing size, shape, and weight to ensure the spacecraft or payload achieves a safe and successful 
landing.

Analysis and Conclusion

1. What is drag?

A. Force that pulls downward  B. Air resistance that slows motion  C. Heat energy

2. What helps a parachute slow down descent?

A. Less air  B. Large surface area   C. Higher speed

3. Larger parachutes create more drag   A. True   B. False

4. Parachutes increase falling speed   A. True   B. False

Self-Assessment Trivia

Perform a drop test under 

teacher supervision.
Use a safe drop height.
Maintain a safe distance during 

testing.
Clean broken eggs 

immediately.
Handle scissors carefully.

• Skydivers use large canopy parachutes to slow from 200 
km/h to a safe landing speed

• Dandelion seeds use feathery structures to catch air and float 
slowly to new locations

• Military cargo drops use giant parachutes to safely deliver 
heavy supplies from aircraft

• Drag racing cars deploy rear parachutes to slow down rapidly 
after a high-speed run

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity 1.B  2.B,     Self assessment  1.B   2.B   3.A  4.B

3.4 Parachute Design Challenge 

Procedure 

1) Raw eggs (one per group)/water balloon

2) Plastic bags / cloth / paper

3) Thread (equal lengths)

4) Tape

5) Scissors

6) Stopwatch

7) Safe drop area

Materials Required 

Lets start with the activity

The parachute increases surface area, which increases 
air resistance. Greater drag force reduces descent 
speed. Slowest and safest landing indicates best 
aerodynamic design.

Working Principle
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3.4 Parachute Design Challenge 

1. Why must parachute strings be
equal in length?

2. How does canopy shape affect
parachute performance?

Thinking Questions

Students should observe:

• Larger parachutes fall more slowly.

• Uneven strings cause spinning.

• Heavy materials increase speed.

• Stable designs land upright.

Observations

The experiment shows that drag increases with surface area, and a balanced design is essential for 
maintaining stability during flight. Using lightweight materials improves overall performance, while a proper 
canopy shape ensures that the descent is slowed effectively for a controlled arrival. Parachutes slow descent 
by significantly increasing air resistance to counteract the pull of gravity. An effective design requires carefully 
balancing size, shape, and weight to ensure the spacecraft or payload achieves a safe and successful 
landing.

Analysis and Conclusion

1. What is drag?

A. Force that pulls downward  B. Air resistance that slows motion  C. Heat energy

2. What helps a parachute slow down descent?

A. Less air  B. Large surface area   C. Higher speed

3. Larger parachutes create more drag   A. True   B. False

4. Parachutes increase falling speed   A. True   B. False

Self-Assessment Trivia

Perform a drop test under 

teacher supervision.
Use a safe drop height.
Maintain a safe distance during 

testing.
Clean broken eggs 

immediately.
Handle scissors carefully.

• Skydivers use large canopy parachutes to slow from 200
km/h to a safe landing speed

• Dandelion seeds use feathery structures to catch air and float
slowly to new locations

• Military cargo drops use giant parachutes to safely deliver
heavy supplies from aircraft

• Drag racing cars deploy rear parachutes to slow down rapidly
after a high-speed run

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity 1.B  2.B,     Self assessment  1.B   2.B   3.A  4.B

3.4 Parachute Design Challenge 

Procedure 

1) Raw eggs (one per group)/water balloon 

2) Plastic bags / cloth / paper

3) Thread (equal lengths)

4) Tape

5) Scissors

6) Stopwatch

7) Safe drop area

Materials Required 

Lets start with the activity

The parachute increases surface area, which increases 
air resistance. Greater drag force reduces descent 
speed. Slowest and safest landing indicates best 
aerodynamic design.

Working Principle
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03 Recovery / Re-entry

a. To understand why some objects float while others sink.

b. To learn the concept of buoyant force.

c. To design a stable floating capsule model.

d. To relate the activity to real spacecraft splashdown missions.

e. To develop design and testing skills.

Objective

To design a capsule model that can safely land on water and float, and to understand the principle of buoyancy.

Scientific Foundation

3.5 Floating Capsule

The Fiery Journey Home
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3.5 Floating Capsule

1. Why must a space capsule 
remain stable after landing in 
water?

2. How does weight distribution 
affect floating behavior?

Thinking Questions

Students should observe:

• Whether the capsule floats or sinks.

• Stability on water surface.

• Effect of adding extra weight.

• Water displacement around the capsule.

Observations

3.5 Floating Capsule

The experiment demonstrates that objects float when the buoyant force balances their weight, and a wider 
base significantly increases stability in the water. Even heavy materials can float if they are properly shaped, 
showing that weight distribution is critical for maintaining an upright and balanced position. Space capsules 
are carefully designed to float safely after splashdown by using the principle of buoyancy. This engineering 
ensures that the spacecraft remains stable and upright until the recovery team arrives to retrieve the crew or 
the payload.

Analysis and Conclusion

Take two objects:

• A flat container (like a bowl shape)

• A small compact object

Place both in water Ask: “Which one floats better and why?” -
Wider object floats more easily Connect: “This is how space
capsules are designed for safe water landing”

Quick Demonstration (30–60 sec)

Procedure 

1.What helps an object float in water?

A. High speed B. Water displacement C. Air pressure

2. Why is a wide base important for a capsule?

A. To increase weight B. To improve stability C. To reduce height

3. Increasing width can improve floating stability A. True B. False

4. Heavier objects always sink in water  A. True  B. False

Self-Assessment Trivia

Do not overfill water container.

Avoid spilling water on the floor.

Handle clay and foil safely.

Clean water spills immediately.

Teacher supervision 

recommended.

• Large steel ships float because their hollow hulls displace 
enough water to stay buoyant

• Life jackets use buoyant foam to keep people afloat and 
upright in water

• Submarines fill and empty ballast tanks to control whether 
they sink or rise

• Roly-poly toys always return upright due to a heavy base  just 
like space capsules

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity 1. B  2.B ,     Self assessment 1.B   2.B  3.A   4.B

1) Small plastic cup or container

2) Aluminium foil

3) Thermocol piece

4) Clay (for adding weight)

5) Water tub or bucket

6) Tape

7) Paper and markers

Materials Required 

Lets start with the activity

Working Principle

Space agencies conducts splashdown tests for crew modules in preparation for human space missions. 
NASA has used ocean landings for missions like Apollo and modern crew capsules. Floating capability is 
essential for astronaut safety after re-entry.

Real-World Connection

https://www.youtube.com/watch?v=nMlXU97E-uQ
(Buoyancy explained)
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3.5 Floating Capsule

1. Why must a space capsule
remain stable after landing in
water?

2. How does weight distribution
affect floating behavior?

Thinking Questions

Students should observe:

• Whether the capsule floats or sinks.

• Stability on water surface.

• Effect of adding extra weight.

• Water displacement around the capsule.

Observations

3.5 Floating Capsule

The experiment demonstrates that objects float when the buoyant force balances their weight, and a wider 
base significantly increases stability in the water. Even heavy materials can float if they are properly shaped, 
showing that weight distribution is critical for maintaining an upright and balanced position. Space capsules 
are carefully designed to float safely after splashdown by using the principle of buoyancy. This engineering 
ensures that the spacecraft remains stable and upright until the recovery team arrives to retrieve the crew or 
the payload.

Analysis and Conclusion

Take two objects:

• A flat container (like a bowl shape)

• A small compact object

Place both in water Ask: “Which one floats better and why?” -
Wider object floats more easily Connect: “This is how space 
capsules are designed for safe water landing”

Quick Demonstration (30–60 sec)

Procedure 

1.What helps an object float in water?

A. High speed B. Water displacement C. Air pressure

2. Why is a wide base important for a capsule?

A. To increase weight B. To improve stability C. To reduce height

3. Increasing width can improve floating stability A. True B. False

4. Heavier objects always sink in water  A. True  B. False

Self-Assessment Trivia

Do not overfill water container.

Avoid spilling water on the floor.

Handle clay and foil safely.

Clean water spills immediately.

Teacher supervision 

recommended.

• Large steel ships float because their hollow hulls displace
enough water to stay buoyant

• Life jackets use buoyant foam to keep people afloat and
upright in water

• Submarines fill and empty ballast tanks to control whether
they sink or rise

• Roly-poly toys always return upright due to a heavy base  just
like space capsules

Where Else Do We See This Science? Precautions & Safety

Answers:- Pre-activity 1. B  2.B ,     Self assessment 1.B   2.B  3.A   4.B

1) Small plastic cup or container

2) Aluminium foil

3) Thermocol piece

4) Clay (for adding weight)

5) Water tub or bucket

6) Tape

7) Paper and markers

Materials Required 

Lets start with the activity

Working Principle

Space agencies conducts splashdown tests for crew modules in preparation for human space missions. 
NASA has used ocean landings for missions like Apollo and modern crew capsules. Floating capability is 
essential for astronaut safety after re-entry.

Real-World Connection

https://www.youtube.com/watch?v=nMlXU97E-uQ
(Buoyancy explained)
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03 Recovery / Re-entry

a. To identify various capsule design types.

b. To understand why spacecraft capsules have specific shapes.

c. To compare aerodynamic stability of different models.

d. To relate capsule shape to heat resistance and safe landing.

e. To develop model-making and observation skills.

Objective

To explore different spacecraft capsule shapes by creating paper cut models and understanding how shape affects 
re-entry and landing.

Scientific Foundation

3.6 Paper Capsule Models

The Fiery Journey Home
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3.6 Paper Capsule Models

1. Why does a blunt shape provide 
better control during descent?

2. How can adding weight improve 
stability while falling?

Thinking Questions

Students should observe:

• Which model falls straight_______

• Which model tumbles_______

• Difference in falling speed_______

Observations

3.6 Paper Capsule Models

The activity demonstrates that blunt shapes provide superior stability during a fall, whereas pointed shapes 
are more likely to tumble. A wider base also increases air resistance, which effectively slows the descent and 
ensures a more controlled path toward the ground. A capsule's shape plays a major role in ensuring safe 
atmospheric re-entry and a successful landing. Blunt body designs are specifically engineered to help reduce 
intense heating and improve flight stability, making them essential for protecting spacecraft during the final 
stages of a mission.

Analysis and Conclusion

Procedure 

1. Which shape provides better stability during fall?

A. Sharp pointed  B. Blunt rounded   C. Random shape

2.What does stability mean in this experiment?

A. Faster fall  B. Controlled and steady motion   C. Heavier object

3. Shape affects how an object falls      A. True B. False

4. All shapes fall in the same way A. True B . False

Self-Assessment Trivia

Use scissors carefully.

Avoid dropping models from 

excessive height.

Ensure clear drop area.

Handle clay safely.

Teacher supervision 

recommended.

• Badminton shuttlecocks always fly cork-first because the 
heavy end leads naturally

• Arrows and darts are heavier at the front to stay stable and 
pointed during flight

• Racing car nose cones are rounded and tested in wind 
tunnels to manage air pressure

• Delivery drones use stable aerodynamic shapes to maintain 
correct orientation mid-flight

Where Else Do We See This Science? Precautions & Safety

1) Chart paper

2) Scissors

3) Glue or tape

4) Pencil

5) Ruler

6) Small clay piece (for weight testing)

Materials Required 

Lets start with the activity

Working Principle

ISRO is developing crew capsules for future human space missions. NASA has used capsule designs in 
missions such as Apollo and modern crew spacecraft. Capsule shape design is critical for astronaut safety 
during re-entry.

Real-World Connection

 https://www.youtube.com/watch?v=9Vl6o85QGDg

Answers:- Pre-activity   1. B   2.B     Self assessment Trivia -1.B   2.B   3.A 4.B

(The science of Re-entry)

(SpaceX Starship Re-entry) :
https://youtube.com/shorts/Fdj2KvaOd2I?si=r5OFsa0YrROfALPQ

(The Engineering of Re-entry): 
https://youtu.be/ivLX9o6Ayl8?si=fNxwo3eBldn1w_S3

Additional Links
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3.6 Paper Capsule Models

1. Why does a blunt shape provide
better control during descent?

2. How can adding weight improve
stability while falling?

Thinking Questions

Students should observe:

• Which model falls straight_______

• Which model tumbles_______

• Difference in falling speed_______

Observations

3.6 Paper Capsule Models

The activity demonstrates that blunt shapes provide superior stability during a fall, whereas pointed shapes 
are more likely to tumble. A wider base also increases air resistance, which effectively slows the descent and 
ensures a more controlled path toward the ground. A capsule's shape plays a major role in ensuring safe 
atmospheric re-entry and a successful landing. Blunt body designs are specifically engineered to help reduce 
intense heating and improve flight stability, making them essential for protecting spacecraft during the final 
stages of a mission.

Analysis and Conclusion

Procedure 

1. Which shape provides better stability during fall?

A. Sharp pointed  B. Blunt rounded   C. Random shape

2.What does stability mean in this experiment?

A. Faster fall  B. Controlled and steady motion   C. Heavier object

3. Shape affects how an object falls      A. True B. False

4. All shapes fall in the same way      A. True B . False

Self-Assessment Trivia

Use scissors carefully.

Avoid dropping models from 

excessive height.

Ensure clear drop area.

Handle clay safely.

Teacher supervision 

recommended.

• Badminton shuttlecocks always fly cork-first because the
heavy end leads naturally

• Arrows and darts are heavier at the front to stay stable and
pointed during flight

• Racing car nose cones are rounded and tested in wind
tunnels to manage air pressure

• Delivery drones use stable aerodynamic shapes to maintain
correct orientation mid-flight

Where Else Do We See This Science? Precautions & Safety

1) Chart paper

2) Scissors

3) Glue or tape

4) Pencil

5) Ruler

6) Small clay piece (for weight testing)

Materials Required 

Lets start with the activity

Working Principle

ISRO is developing crew capsules for future human space missions. NASA has used capsule designs in 
missions such as Apollo and modern crew spacecraft. Capsule shape design is critical for astronaut safety 
during re-entry.

Real-World Connection

 https://www.youtube.com/watch?v=9Vl6o85QGDg

Answers:- Pre-activity   1. B   2.B     Self assessment Trivia -1.B   2.B   3.A   4.B

(The science of Re-entry)

(SpaceX Starship Re-entry) :
https://youtube.com/shorts/Fdj2KvaOd2I?si=r5OFsa0YrROfALPQ

(The Engineering of Re-entry): 
https://youtu.be/ivLX9o6Ayl8?si=fNxwo3eBldn1w_S3

Additional Links

66



04 Ground Segment

a. To understand how sound travels through different medium.

b. To demonstrate vibration-based sound transmission.

c. To compare mechanical communication and radio communication.

d. To relate the activity to satellite-ground communication.

e. To develop teamwork and practical skills.

Objective

To understand the basic principles of communication by building a simple paper cup communication model and 
relating it to space communication systems.

Scientific Foundation

4.1 Paper Cup & Walkie-Talkie

Mission Control & Communication
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4.1 Paper Cup & Walkie-Talkie

1. What is required for sound to travel?  

A) Vacuum  B) Medium  C) Light  D) Heat

2. In the paper cup experiment, sound travels through the string as:

A) Light waves B) Electrical signals C) Mechanical vibrations D) Magnetic waves

3. Sound can travel in vacuum.    A. True   B. False  

4. Walkie-talkies use sound waves through air only.     A. True   B. False  

1. Why do astronauts use radios 
instead of speaking directly in 
space?

2. What is the difference between 
uplink and downlink?

Thinking Questions
Students should observe:
• Clear sound when string is tight.
• Weak or no sound when string is loose.
• Students observe that paper-cup phone fails 

without string.
• Students observe that walkie-talkie works even 

through walls.
• Students notice that wireless communication 

does not need physical connection.

Observations

Self-Assessment Trivia

The experiment demonstrates that sound travels as vibrations, which are transmitted most effectively 
through solids. Maintaining tension in the string significantly improves sound clarity, showing how physical 
mediums allow mechanical waves to move from one point to another. Communication requires a medium for 
transmitting sound waves, but since sound cannot travel in the vacuum of space, missions must use 
electromagnetic radio waves instead. This shift in technology allows ground stations to stay connected with 
satellites across the vast emptiness of the solar system.

Analysis and Conclusion

Space agencies uses ground stations to communicate with satellites using radio signals and 
operates deep space communication networks to send and receive signals from spacecraft.

Astronauts communicate with mission control using radio waves, not sound waves.

Real-World Connection

4.1 Paper Cup & Walkie-Talkie

1. 2 Paper Cups

2. A long piece of String (5–10 meters)

3. 2 Paper Clips

4. A sharpened Pencil

5. 2 Walkie-Talkies

6. A Mission Log Sheet

Materials Required Working Principle

Procedure 

 https://www.youtube.com/watch?v=mb4c-kOVTtA

(How do cans work as a telephone)

Lets start with the activity
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4.1 Paper Cup & Walkie-Talkie

1. What is required for sound to travel?

A) Vacuum  B) Medium  C) Light  D) Heat

2. In the paper cup experiment, sound travels through the string as:

A) Light waves B) Electrical signals C) Mechanical vibrations D) Magnetic waves

3. Sound can travel in vacuum.    A. True   B. False

4. Walkie-talkies use sound waves through air only.     A. True   B. False

1. Why do astronauts use radios
instead of speaking directly in
space?

2. What is the difference between
uplink and downlink?

Thinking Questions
Students should observe:
• Clear sound when string is tight.
• Weak or no sound when string is loose.
• Students observe that paper-cup phone fails

without string.
• Students observe that walkie-talkie works even

through walls.
• Students notice that wireless communication

does not need physical connection.

Observations

Self-Assessment Trivia

The experiment demonstrates that sound travels as vibrations, which are transmitted most effectively 
through solids. Maintaining tension in the string significantly improves sound clarity, showing how physical 
mediums allow mechanical waves to move from one point to another. Communication requires a medium for 
transmitting sound waves, but since sound cannot travel in the vacuum of space, missions must use 
electromagnetic radio waves instead. This shift in technology allows ground stations to stay connected with 
satellites across the vast emptiness of the solar system.

Analysis and Conclusion

Space agencies uses ground stations to communicate with satellites using radio signals and 
operates deep space communication networks to send and receive signals from spacecraft.

Astronauts communicate with mission control using radio waves, not sound waves.

Real-World Connection

4.1 Paper Cup & Walkie-Talkie

1. 2 Paper Cups

2. A long piece of String (5–10 meters)

3. 2 Paper Clips

4. A sharpened Pencil

5. 2 Walkie-Talkies

6. A Mission Log Sheet

Materials Required Working Principle

Procedure 

https://www.youtube.com/watch?v=mb4c-kOVTtA

(How do cans work as a telephone)

Lets start with the activity
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 Answer:- Pre-Activity Engagement  1. B   2. B,    Self-Assessment   1. B  2. C  3.  B  4.  C 

Handle needle carefully.
Do not pull string too hard.
Avoid running while holding 
cups.
Ensure safe distance 
between students.
Teacher supervision 
recommended.

• FM radio stations broadcast voice as radio waves, received by
antennas in your radio or phone

• Army soldiers use walkie-talkies for field communication using the
same uplink-downlink principle

• Ships communicate with ports using radio waves since sound cannot
travel across vast ocean distances

• Pilots receive landing instructions from air traffic control entirely
through radio wave communication

Where Else Do We See This Science? Precautions & Safety

4.1 Paper Cup & Walkie-Talkie70



04 Ground Segment

a. To understand the basic concept of electromagnetic waves.

b. To learn how antennas receive radio signals.

c. To observe the relationship between antenna length and signal reception.

d. To relate antenna design to satellite communication systems.

e. To develop practical model-building skills.

Objective

To construct a simple antenna model using a measuring tape (or metal strip) and understand how antennas receive 
signals.

Scientific Foundation

4.2 Tape Measure Antenna

Mission Control & Communication
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4.2 Tape Measure Antenna

Space agencies operates large ground antennas to communicate with satellites and deep-space 
missions and uses large dish antennas in its Deep Space Network to receive signals from distant 
spacecraft.

Antennas are essential for satellite TV, GPS, mobile phones, and space exploration.

Real-World Connection

4.2 Tape Measure Antenna

1) Flexible steel measuring tape

2) PVC pipe (1 m)

3) Coaxial cable

4) Zip ties / tape

5) Soldering iron or screws

Safety: Tape sharp edges immediately.

Materials Required Working Principle

(Working of Antenna)
https://www.youtube.com/watch?v=ZaXm6wau-jc

1. What type of waves do antennas receive?

A) Sound waves B) Water waves C) Electromagnetic waves D) Heat waves

2. What happens when antenna length matches wavelength?

A) Signal disappears  B) Resonance occurs  C) Heat increases  D) Noise increases

3 . Antennas need air to receive signals. - A. True  B. False

4. Bigger antenna always means better signal. - A. True  B. False

Self-Assessment Trivia

Lets start with the activity
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4.2 Tape Measure Antenna

Space agencies operates large ground antennas to communicate with satellites and deep-space 
missions and uses large dish antennas in its Deep Space Network to receive signals from distant 
spacecraft.

Antennas are essential for satellite TV, GPS, mobile phones, and space exploration.

Real-World Connection

4.2 Tape Measure Antenna

1) Flexible steel measuring tape

2) PVC pipe (1 m)

3) Coaxial cable

4) Zip ties / tape

5) Soldering iron or screws

 Safety: Tape sharp edges immediately.

Materials Required Working Principle

(Working of Antenna)
https://www.youtube.com/watch?v=ZaXm6wau-jc

1. What type of waves do antennas receive?

A) Sound waves B) Water waves C) Electromagnetic waves D) Heat waves

2. What happens when antenna length matches wavelength?

A) Signal disappears  B) Resonance occurs  C) Heat increases  D) Noise increases

3 . Antennas need air to receive signals. - A. True  B. False

4. Bigger antenna always means better signal. - A. True  B. False

Self-Assessment Trivia

Lets start with the activity
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Do not connect to high-voltage 
sources.
Use only battery-operated radio.
Handle measuring tape carefully 
(edges may be sharp).
Avoid stretching tape forcefully.
Teacher supervision recommended.

• Dish antennas on rooftops capture satellite TV signals using
the same resonance principle

• Wi-Fi routers use internal antennas precisely sized to match
their transmission frequency

• MRI machines use carefully tuned antenna coils to detect radio
signals from inside the human body

• NASA's Deep Space Network uses giant 70-metre antennas to
catch faint signals from distant spacecraft

Where Else Do We See This Science? Precautions & Safety

4.2 Tape Measure Antenna

1.Why did rotating the antenna
change the signal strength?

2.Why is precise measurement
important in antenna
design?

Thinking Questions Observations

The experiment demonstrates that antenna length and orientation play an important role in signal reception, 
as metal conductors are designed specifically to capture electromagnetic waves. Proper antenna design and 
precise alignment significantly improve communication by ensuring that signals are captured clearly without 
interference.

Antennas work by converting electromagnetic waves into electrical signals that can be processed by ground 
systems. Using the correct size and alignment is essential for efficient communication with satellites, 
ensuring that data is transmitted and received successfully across long distances.

Analysis and Conclusion

Additional Links

Answer: Answers;-Pre-activity  1. B.    2. B.,    self assessment  1. C    2. B  3.B  4. B

(Tape Measure Antenna Procedure)
https://www.instructables.com/The-Tape-Measure-Antenna/
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04 Ground Segment

a. To learn what Morse code is.

b. To understand how information can be encoded into signals.

c. To practice transmitting and decoding simple messages.

d. To relate signal coding to space communication systems.

e. To develop listening, observation, and teamwork skills

Objective

To understand basic signal encoding and decoding by transmitting names using Morse code through light and 
sound.

Scientific Foundation

4.3 Morse Code Communication

Mission Control & Communication
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4.3 Morse Code Communication

Space agencies sends encoded digital signals between satellites and ground stations and 
communicates with spacecraft using radio signals encoded into digital data.

All modern communication systems  including space missions  rely on encoding and decoding 
signals.

Real-World Connection

4.3 Morse Code Communication

1) Torch / Flashlight

2) Morse Code chart

3) Notebook and pen

4) Spoon and glass / Buzzer

1. What is required for light communication?

A. Noise B. Line of sight C. Heat

2. What happens if timing is wrong in Morse code?

A. No change B. Message changes        C. Faster signal

3. Light can bend around objects easily - A. True  B. False

4. Clear path is needed for light communication - A. True  B. False

Self-Assessment Trivia

2

1. Why did rotating the antenna change the signal strength?

2. Why is precise measurement important in antenna design?

Thinking Questions

The activity demonstrates that information can be effectively transmitted using coded signals, provided there 
is clear encoding and precise timing to maintain accuracy. Effective communication systems rely on both the 
sender and the receiver having a shared understanding of the specific code being used.

Signal encoding and decoding are fundamental to both space communication and modern digital systems. 
Just as in the activity, today's satellites use advanced digital versions of these encoding methods to ensure 
that complex data is sent and received without errors across deep space.

Analysis and Conclusion

Lets start with the activity
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4.3 Morse Code Communication

Space agencies sends encoded digital signals between satellites and ground stations and 
communicates with spacecraft using radio signals encoded into digital data.

All modern communication systems  including space missions  rely on encoding and decoding 
signals.

Real-World Connection

4.3 Morse Code Communication

1) Torch / Flashlight

2) Morse Code chart

3) Notebook and pen

4) Spoon and glass / Buzzer

1. What is required for light communication?

A. Noise B. Line of sight C. Heat

2. What happens if timing is wrong in Morse code?

A. No change B. Message changes C. Faster signal

3. Light can bend around objects easily - A. True  B. False

4. Clear path is needed for light communication - A. True  B. False

Self-Assessment Trivia

2

1. Why did rotating the antenna change the signal strength?

2. Why is precise measurement important in antenna design?

Thinking Questions

The activity demonstrates that information can be effectively transmitted using coded signals, provided there 
is clear encoding and precise timing to maintain accuracy. Effective communication systems rely on both the 
sender and the receiver having a shared understanding of the specific code being used.

Signal encoding and decoding are fundamental to both space communication and modern digital systems. 
Just as in the activity, today's satellites use advanced digital versions of these encoding methods to ensure 
that complex data is sent and received without errors across deep space.

Analysis and Conclusion

Lets start with the activity
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Do not flash torch directly into eyes.

Maintain clear line of sight.

Keep noise levels controlled during 

sound transmission.

Ensure fair participation.

Teacher supervision recommended.

• Binary code in all computers uses only 0 and 1 — a direct
evolution of Morse's dot-dash idea

• QR codes encode information into black-and-white patterns
that scanners instantly decode

• Braille encodes letters as raised dot patterns, read by touch
instead of sight

• Emergency SOS signals use three short, three long, three short
flashes — pure Morse code

Where Else Do We See This Science? Precautions & Safety

4.3 Morse Code Communication

Answers:-Pre-activity engagement  1. A.  2. B,    Self assessment Trivia  1. B.  2. B.  3. B  4. A
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04 Ground Segment

a. To understand the concept of aerial view and mapping.

b. To learn how satellites and drones capture images.

c. To observe spatial arrangement of buildings and open areas.

d. To develop scale drawing and observation skills.

e. To relate the activity to satellite remote sensing.

Objective

To understand aerial imaging and mapping by drawing a top (bird’s-eye) view of the school as seen from a drone.

Scientific Foundation

4.4 Drone View Drawing

Mission Control & Communication
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4.4 Drone View Drawing4.4 Drone View Drawing

Space agencies uses Earth observation satellites to capture high-resolution images for mapping 
and disaster management.They use remote sensing satellites to study climate, forests, oceans, and 
cities.

Satellite images are used in Google Maps, weather forecasting, and urban planning.

Real-World Connection

Procedure 

Activity 1 – Capturing the Data

Disclaimer: Before flying drone make sure to go throught the 
guidelines provided by government and follow that

 
 

https://static.pib.gov.in/writereaddata/specificdocs/documents/2022/jan/doc202212810701.pdf

Materials Required 

1) Drone image

2) Paper

3) Pencil

4) Ruler

5) Colors

6) RC Drone with camera

Lets start with the activity
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4.4 Drone View Drawing4.4 Drone View Drawing

Space agencies uses Earth observation satellites to capture high-resolution images for mapping 
and disaster management.They use remote sensing satellites to study climate, forests, oceans, and 
cities.

Satellite images are used in Google Maps, weather forecasting, and urban planning.

Real-World Connection

Procedure 

Activity 1 – Capturing the Data

Disclaimer: Before flying drone make sure to go throught the 
guidelines provided by government and follow that 
https://static.pib.gov.in/writereaddata/specificdocs/documents/2022/jan/doc202212810701.pdf

Materials Required 

1) Drone image

2) Paper

3) Pencil

4) Ruler

5) Colors

6) RC Drone with camera

Lets start with the activity
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Ensure safe movement while 

observing campus.

Avoid restricted areas.

Maintain discipline during outdoor 

observation.

Use drawing tools carefully.

Teacher supervision recommended.

• Google Maps uses satellite and drone aerial images to build
accurate street and terrain maps

• Farmers use drone top-view images to spot dry patches and
plan irrigation efficiently

• Disaster relief teams use aerial footage to quickly assess flood
or earthquake damage

• Archaeologists use drone photography to discover and map
buried ruins without any digging

Where Else Do We See This Science? Precautions & Safety

4.4 Drone View Drawing

1. What type of view is used to create maps?

A. Front view B. Top view (Nadir view) C. Side view

2. What is the first step in making a map from an image?

A. Coloring B. Observation C. Labeling

3. Maps are made using top-view images - A. True  B. False

4. Side view is best for mapping - A. True  B. False

Self-Assessment Trivia

1. Why is it important to
capture the full boundary in
the drone image?

2. How does a top view help in
better planning and
understanding of an area?

Thinking Questions

the activity demonstrates that a top view provides a much clearer understanding of spatial arrangement and 
the relationship between different objects. effective mapping relies on maintaining proper scale and 
proportion, similar to how satellite imaging captures Earth's surface using advanced sensors to provide 
accurate data.

aerial mapping is a vital tool for urban planning, disaster management, and environmental monitoring across 
the globe. by practicing drawing a top view, students build a foundational understanding of remote sensing, 
learning how to interpret and analyze the world from a satellite's perspective.

Analysis and Conclusion

Students observe:
• Buildings have hidden shapes.
• Roof objects are visible.
• More open land than expected.
• Maps show information differently than photos.
• Students realize top-view reveals patterns invisible

from ground.

Observations

Answer:-  Pre-activity  1. B  2.B,  Self assessment Trivia -1. B  2. B 3. A  4.B
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04 Ground Segment

a. To understand the role of the Mission Control Center (MCC).

b. To develop teamwork and leadership skills.

c. To practice communication under structured rules.

d. To simulate mission planning and execution.

e. To improve problem-solving and coordination skills.

Objective

To understand the importance of teamwork, coordination, and communication in space missions through 
interactive mission-based activities.

Scientific Foundation

4.5 Team Building Mission Games 

Mission Control & Communication
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4.5 Team Building Mission Games 4.5 Team Building Mission Games 

ISRO operates mission control centers to manage satellite launches and operations.

NASA has a famous Mission Control Center in Houston that manages human spaceflight missions.

Large teams coordinate every stage of space missions from launch to landing.

Real-World Connection

     Puzzle / Thought Experiment

    Quick Demonstration (30–60 sec)

If a team has very skilled members but poor 
communication,will they succeed or fail? Why?

Why do real missions have fixed roles instead of letting 
everyone do everything?

Ask 3–4 students to solve a small task together

Allow everyone to speak at the same time

Ask: “What happened?” -Confusion, overlapping 
instructions Now repeat with one person giving 
instructions - Task becomes easier

Connect: “Structured communication improves efficiency”

Materials Required 

1) Mission role cards Commander, Engineer,
Communicator, Scientist)

2) Stopwatch

3) Paper and pen

4) Simple task sheets

5) Whistle or bell

The activity simulates mission operations:
1. Divide students into teams.
2. Assign each member a role.
3. Provide a mission challenge (e.g., solve a

puzzle, build a small structure, decode a
message).

4. Only the assigned communicator can speak to
other teams.

5. Time-bound completion required.
This demonstrates how structured communication
improves efficiency.

Working Principle

Maintain discipline during activities.

Avoid running or pushing.

Ensure fair participation.

Follow time limits strictly.

Teacher supervision required.

• Hospital emergency teams assign fixed roles and use precise 
communication to save lives quickly

• Cockpit crews follow strict role-based checklists and protocols 
before every single flight

• Firefighting teams use command hierarchies to coordinate 
safely inside burning buildings

• Cricket teams assign specific batting, bowling, and fielding 
roles to win as a coordinated unit

Where Else Do We See This Science? Precautions & Safety

1. Who is responsible for communication between teams?

A. Engineer B. Commander C. Communicator

2. What improves team performance the most?

A. Noise B. Clear roles and communication C. Random decisions

3. Everyone speaking at once improves efficiency - A. True  B. False

4. Defined roles help in better coordination - A. True  B. False

Self-Assessment Trivia

1. Why is it important to limit 
communication to one person?

2. How did roles help your 
team complete the task faster?

Thinking Questions

The activity demonstrates that clear role distribution significantly improves efficiency, while maintaining 
communication discipline effectively reduces confusion during high-pressure tasks. Strong team 
coordination is essential for mission success, as the quality of leadership and planning directly affects the 
outcome.

Space missions require exceptional teamwork and structured communication, much like the simulated 
mission challenge completed in class. By following a clear hierarchy and protocol, teams can solve complex 
problems and ensure that every system—and every person—is working toward the same goal.

Analysis and Conclusion

Students should observe:
• Effect of clear communication.
• Leadership styles within teams.
• Challenges faced during coordination.
• Time management differences.

Observations

Lets start with the activity
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4.5 Team Building Mission Games 4.5 Team Building Mission Games 

ISRO operates mission control centers to manage satellite launches and operations.

NASA has a famous Mission Control Center in Houston that manages human spaceflight missions.

Large teams coordinate every stage of space missions from launch to landing.
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Why do real missions have fixed roles instead of letting 
everyone do everything?

Ask 3–4 students to solve a small task together

Allow everyone to speak at the same time

Ask: “What happened?” -Confusion, overlapping 
instructions Now repeat with one person giving 
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Materials Required 

1) Mission role cards Commander, Engineer, 
Communicator, Scientist)

2) Stopwatch

3) Paper and pen

4) Simple task sheets

5) Whistle or bell

The activity simulates mission operations:
1. Divide students into teams.
2. Assign each member a role.
3. Provide a mission challenge (e.g., solve a 

puzzle, build a small structure, decode a 
message).

4. Only the assigned communicator can speak to 
other teams.

5. Time-bound completion required.
This demonstrates how structured communication 
improves efficiency.

Working Principle

Maintain discipline during activities.

Avoid running or pushing.

Ensure fair participation.

Follow time limits strictly.

Teacher supervision required.

• Hospital emergency teams assign fixed roles and use precise
communication to save lives quickly

• Cockpit crews follow strict role-based checklists and protocols
before every single flight

• Firefighting teams use command hierarchies to coordinate
safely inside burning buildings

• Cricket teams assign specific batting, bowling, and fielding
roles to win as a coordinated unit

Where Else Do We See This Science? Precautions & Safety

1. Who is responsible for communication between teams?

A. Engineer B. Commander C. Communicator

2. What improves team performance the most?

A. Noise B. Clear roles and communication C. Random decisions

3. Everyone speaking at once improves efficiency - A. True  B. False

4. Defined roles help in better coordination - A. True  B. False

Self-Assessment Trivia

1. Why is it important to limit
communication to one person?

2. How did roles help your
team complete the task faster?

Thinking Questions

The activity demonstrates that clear role distribution significantly improves efficiency, while maintaining 
communication discipline effectively reduces confusion during high-pressure tasks. Strong team 
coordination is essential for mission success, as the quality of leadership and planning directly affects the 
outcome.

Space missions require exceptional teamwork and structured communication, much like the simulated 
mission challenge completed in class. By following a clear hierarchy and protocol, teams can solve complex 
problems and ensure that every system—and every person—is working toward the same goal.

Analysis and Conclusion

Students should observe:
• Effect of clear communication.
• Leadership styles within teams.
• Challenges faced during coordination.
• Time management differences.

Observations

Lets start with the activity
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4.5 Team Building Mission Games 

Answer : Pre-activity - 1. B   2.B, Self Assessment Trivia- 1.C   2.B   3.B    4.A

Additional Links

(Apollo 11 Landing) 
https://youtu.be/bYMHAWAK7hk?si=oEo6w9Ms7_UJ_3rO

(Inside Mission Control) 
https://youtu.be/KfgeuJGhUK8?si=4RrvgVrZZzEM2o7D

(Launch of PSLV-C57) 
https://www.youtube.com/live/_IcgGYZTXQw?si=6YsYvoxw0cdVXswI
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05 Human Spaceflight

a. To learn why scientific experiments are conducted in space.

b. To understand the concept of microgravity.

c. To explore discoveries made in space research.

d. To relate space research to everyday applications on Earth.

e. To develop awareness of the importance of human space missions.

Objective

To understand how experiments conducted in space lead to discoveries and technologies that benefit life on Earth.

Scientific Foundation

5.1 Space Discoveries Video

The Ultimate Space Experience
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5.1 Space Discoveries Video

Space agencies conducts microgravity and life science experiments during space missions.

NASA performs research aboard the International Space Station (ISS), leading to advances in 
medicine, materials science, and environmental technology.

Many everyday technologies have roots in space research.

Real-World Connection

1) Projector or screen

2) Educational videos on
space experiments

Materials Required 

Procedure 

Students should observe:
• Floating objects in microgravity. • Differences in flame shape.
• Astronauts conducting experiments. • Special laboratory setup in space.

Observations

3) Notebook and pen

4) Chart paper for discussion

Lets start with the activity

5.1 Space Discoveries Video

The activity demonstrates that microgravity creates a unique environment for scientific study that is 
impossible to replicate on Earth, leading directly to the development of new technologies. Many everyday 
innovations - from advanced water filters to specialized medical tools - actually originate from the rigorous 
demands of space missions. Human space exploration contributes significantly to our global scientific 
knowledge and drives technological advancement on Earth. By pushing the boundaries of what is possible in 
orbit, researchers develop solutions that eventually improve the quality of life and industry for everyone.

Analysis and Conclusion

• Memory foam mattresses were originally developed to cushion astronauts during rocket launches

• RO water purifiers used in Indian homes evolved from water recycling technology built for the ISS

• Cancer drug testing in space produces more accurate 3D cell models than any Earth-based lab can

• Scratch-resistant eyeglass lenses use a coating technology first developed for space helmet visors

Where Else Do We See This Science?

Additional Links

(Microgravity) 
https://youtu.be/GSLwvtF4Zo0?si=6avXGBeigPYFlh6p

(Top 5 Space Experiments) 
https://youtu.be/IvdohUPWg-0?si=Sg53pa9U9qkwN2IS

(Benefits stemming from space exploration)
https://www.nasa.gov/wp-content/uploads/2015/01/benefits-stemming-from-space-exploration-2013-tagged.pdf?emrc=ca90d1

(Astronaut Training) 
https://youtu.be/WvT3hMVrSzs?si=QJWDbZi77ovnMTK0

(NASA - ISS Expiriment) 
https://youtu.be/vKs1mXcA_A4?si=9nKXz1xclT4jIQKy
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5.1 Space Discoveries Video

Space agencies conducts microgravity and life science experiments during space missions.

NASA performs research aboard the International Space Station (ISS), leading to advances in 
medicine, materials science, and environmental technology.

Many everyday technologies have roots in space research.

Real-World Connection

1) Projector or screen

2) Educational videos on 
space experiments

Materials Required 

Procedure 

Students should observe:
• Floating objects in microgravity. • Differences in flame shape.
• Astronauts conducting experiments. • Special laboratory setup in space.

Observations

3) Notebook and pen

4) Chart paper for discussion

Lets start with the activity

5.1 Space Discoveries Video

The activity demonstrates that microgravity creates a unique environment for scientific study that is 
impossible to replicate on Earth, leading directly to the development of new technologies. Many everyday 
innovations - from advanced water filters to specialized medical tools - actually originate from the rigorous 
demands of space missions. Human space exploration contributes significantly to our global scientific 
knowledge and drives technological advancement on Earth. By pushing the boundaries of what is possible in 
orbit, researchers develop solutions that eventually improve the quality of life and industry for everyone.

Analysis and Conclusion

• Memory foam mattresses were originally developed to cushion astronauts during rocket launches

• RO water purifiers used in Indian homes evolved from water recycling technology built for the ISS

• Cancer drug testing in space produces more accurate 3D cell models than any Earth-based lab can

• Scratch-resistant eyeglass lenses use a coating technology first developed for space helmet visors

Where Else Do We See This Science?

Additional Links

(Microgravity) 
https://youtu.be/GSLwvtF4Zo0?si=6avXGBeigPYFlh6p

(Top 5 Space Experiments) 
https://youtu.be/IvdohUPWg-0?si=Sg53pa9U9qkwN2IS

(Benefits stemming from space exploration)
https://www.nasa.gov/wp-content/uploads/2015/01/benefits-stemming-from-space-exploration-2013-tagged.pdf?emrc=ca90d1

(Astronaut Training) 
https://youtu.be/WvT3hMVrSzs?si=QJWDbZi77ovnMTK0

(NASA - ISS Expiriment) 
https://youtu.be/vKs1mXcA_A4?si=9nKXz1xclT4jIQKy
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05 Human Spaceflight

a. To understand the importance of life support systems in space.

b. To learn how water is recycled in spacecraft.

c. To understand oxygen supply and carbon dioxide removal.

d. To relate classroom models to real space missions.

e. To develop awareness about resource conservation.

Objective

To understand how astronauts recycle water and manage oxygen (O2 ) and carbon dioxide (CO2 ) inside a 
spacecraft.

Scientific Foundation

5.2 Water Recycling Demonstration

The Ultimate Space Experience
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5.2 Water Recycling Demonstration

ISRO is developing environmental control and life support systems for future human space 
missions. NASA uses advanced water recovery and air revitalization systems aboard the 
International Space Station (ISS). The ISS recycles most of its water to reduce resupply needs.

Real-World Connection

Working Principle

1) Transparent bottle or
container

2) Dirty water sample (soil
mixed water)

3) Cotton

4) Sand

5) Gravel

6) Activated charcoal (optional)

7) Chart showing the oxygen–carbon
dioxide cycle

Materials Required 

Lets start with the activity

The activity demonstrates that filtration effectively removes impurities step by step, which is a vital process in 
closed environments that require advanced recycling systems. Since oxygen must be replenished 
continuously and carbon dioxide removal is essential for safety, these life support systems are the only way to 
keep astronauts alive in the vacuum of space. Space missions rely on highly efficient life support systems that 
recycle both air and water to sustain human life over long periods. These same conservation methods can be 
applied to our lives on Earth, helping to improve global sustainability and protect our own natural resources.

Note: This model demonstrates mechanical filtration only. The ISS uses much more advanced systems 
including reverse osmosis, chemical treatment, and biological monitoring to produce drinking-quality water 
from wastewater

Observations

Students should observe:

?Improved clarity of filtered water.

?Layers trapping dirt particles.

?Importance of multiple filtration layers.

?Role of balanced oxygen supply.

Analysis and Conclusion

• Household water filters use sand, gravel, and charcoal layers-
exactly the same method used here

• Sewage treatment plants filter and purify wastewater before 
safely returning it to rivers

• Aquarium filters recycle water continuously to keep fish alive in a 
sealed, closed environment

• Rainwater harvesting systems in dry regions collect and filter 
water for reuse, inspired by resource conservation

Where Else Do We See This Science?

5.2 Water Recycling Demonstration

Do not drink filtered water 

from the experiment.

Handle materials 

hygienically.

Dispose of dirty water safely.

Avoid spilling water on the 

floor.

Teacher supervision 

recommended.

Precautions & Safety

(Water recycling on ISS) 
https://www.youtube.com/watch?v=jIHkWpKUm28
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5.2 Water Recycling Demonstration

ISRO is developing environmental control and life support systems for future human space 
missions. NASA uses advanced water recovery and air revitalization systems aboard the 
International Space Station (ISS). The ISS recycles most of its water to reduce resupply needs.

Real-World Connection
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7) Chart showing the oxygen–carbon 
dioxide cycle

Materials Required 

Lets start with the activity

The activity demonstrates that filtration effectively removes impurities step by step, which is a vital process in 
closed environments that require advanced recycling systems. Since oxygen must be replenished 
continuously and carbon dioxide removal is essential for safety, these life support systems are the only way to 
keep astronauts alive in the vacuum of space. Space missions rely on highly efficient life support systems that 
recycle both air and water to sustain human life over long periods. These same conservation methods can be 
applied to our lives on Earth, helping to improve global sustainability and protect our own natural resources.

Note: This model demonstrates mechanical filtration only. The ISS uses much more advanced systems 
including reverse osmosis, chemical treatment, and biological monitoring to produce drinking-quality water 
from wastewater

Observations

Students should observe:

?Improved clarity of filtered water.

?Layers trapping dirt particles.

?Importance of multiple filtration layers.

?Role of balanced oxygen supply.

Analysis and Conclusion

• Household water filters use sand, gravel, and charcoal layers-
exactly the same method used here

• Sewage treatment plants filter and purify wastewater before
safely returning it to rivers

• Aquarium filters recycle water continuously to keep fish alive in a
sealed, closed environment

• Rainwater harvesting systems in dry regions collect and filter
water for reuse, inspired by resource conservation

Where Else Do We See This Science?

5.2 Water Recycling Demonstration

Do not drink filtered water 

from the experiment.

Handle materials 

hygienically.

Dispose of dirty water safely.

Avoid spilling water on the 

floor.

Teacher supervision 

recommended.

Precautions & Safety

(Water recycling on ISS) 
https://www.youtube.com/watch?v=jIHkWpKUm28
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Additional Links

(Water Recycling on ISS) 
https://youtu.be/BCjH3k5gODI?si=ilg8KBo-WpkNG0vB

5.2 Water Recycling Demonstration

(ISS water recycling systems) 
https://youtu.be/AzZxg-hCyZs?si=aOwXz_4it6xPrOpg

(Recycling in space) 
https://youtu.be/6fORgpqSPnY?si=VhIfDgdX6X4J3S2M
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05 Human Spaceflight

a. To understand why underwater environments are used for astronaut training.

b. To learn about microgravity simulation techniques.

c. To observe astronaut training methods.

d. To relate underwater practice to real space missions.

e. To appreciate the preparation required before human spaceflight.

Objective

To understand how astronauts train underwater to simulate space conditions and prepare for spacewalks.

Scientific Foundation

5.3 Underwater Training Videos 

The Ultimate Space Experience
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5.3 Underwater Training Videos 

ISRO trains astronauts for human space missions using advanced simulation techniques. NASA 
uses a giant pool called the Neutral Buoyancy Laboratory (NBL) to train astronauts for spacewalks. 
These training methods ensure astronauts are fully prepared before going to space.

Real-World Connection

The activity demonstrates that underwater training effectively simulates floating conditions, allowing for 
realistic practice that improves coordination and safety. Astronauts must train extensively in these 
environments before their missions to ensure they can handle the unique physical challenges of working in 
microgravity.

Simulation training, especially underwater neutral buoyancy training, is essential for preparing astronauts for 
safe and successful space missions. By mastering their tasks in a controlled environment on Earth, they are 
better equipped to perform complex maneuvers and maintain safety while in orbit.

Analysis and Conclusion

• Pilots train in flight simulators for hundreds of hours before flying a real 
aircraft

• Surgeons practice complex operations on models and simulators 
before treating real patients

• Navy divers train underwater for demolition and rescue missions 
before actual sea deployment

• Firefighters rehearse building rescues in controlled environments 
before real emergencies

Where Else Do We See This Science?

Working Principle

1) Projector or screen

2) Educational underwater
astronaut training videos

3) Notebook and pen

4) Chart paper for discussion

Materials Required 

Lets start with the activity

5.3 Underwater Training Videos 

Students should observe:
• Astronauts floating underwater. • Support divers assisting astronauts.
• Heavy space suits are used during training. • Slow and careful movements.

Observations

Additional Links

(Spacewalk) 
https://youtu.be/Wfoy_OvNDvw?si=Pa_BoQt6upIJLuhK

Ensure appropriate 
educational video content.

Maintain classroom 
discipline during viewing.

Encourage respectful 
discussion.

Teacher supervision 
required.

Precautions & Safety

(Training for Spacewalk) 
https://youtu.be/zh9jd9L1IRQ?si=r53YGAB2lbH2b1I4

(Astronaut Underwater Training) 
https://youtu.be/4514z--Zbfk?si=HxpByfuJuEnRzDfo

(Spacewalk) 
https://youtu.be/CC-z_aBAv6M?si=7cVGXtRWHfiDN984

(Neutral Buoyancy lab in Houston) 
https://www.youtube.com/watch?v=6cwIeHpAUE0
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5.3 Underwater Training Videos 

ISRO trains astronauts for human space missions using advanced simulation techniques. NASA 
uses a giant pool called the Neutral Buoyancy Laboratory (NBL) to train astronauts for spacewalks. 
These training methods ensure astronauts are fully prepared before going to space.
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Analysis and Conclusion
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before treating real patients
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educational video content.

Maintain classroom 
discipline during viewing.

Encourage respectful 
discussion.

Teacher supervision 
required.
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https://www.youtube.com/watch?v=6cwIeHpAUE0
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05 Human Spaceflight

a. To learn about the daily activities of astronauts in space.

b. To understand how microgravity affects daily routines.

c. To explore time management in space missions.

d. To relate astronaut routines to life support systems and experiments.

e. To develop creative and presentation skills.

Objective

To understand the daily life of astronauts aboard the International Space Station (ISS) and represent their routine 
through a visual daily schedule board.

Scientific Foundation

5.4 Daily Routine Board 

The Ultimate Space Experience

5.4 Daily Routine Board

The ISS is a joint project involving space agencies such as NASA and international partners. ISRO is 
preparing astronauts for structured daily routines in future human space missions. Astronaut time 
management is critical for mission success.

Real-World Connection
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5.4 Daily Routine Board5.4 Daily Routine Board

Students should observe:
• Importance of exercise in space.
• Differences between Earth routine and space routine.
• Strict scheduling of experiments.
• Limited leisure time in space.

Observations

The activity demonstrates that a structured routine is necessary to ensure mission efficiency, especially since 
the environment of microgravity significantly affects even the simplest daily habits. Prioritizing both physical 
and mental health is a core part of life in orbit, as keeping the crew in peak condition is vital for the safety of the 
entire spacecraft. Astronauts follow a disciplined daily schedule to maintain their health and ensure the 
success of scientific missions aboard the International Space Station (ISS). This rigorous time management 
allows them to balance complex research with the necessary exercise and rest required to live and work in 
space for months at a time.

Analysis and Conclusion

• Athletes follow strict daily training, nutrition, and rest schedules to perform at their peak

• Hospital patients follow fixed routines for medicine, therapy, and rest to recover faster

• Submarine crews follow tight daily schedules for watch duty, meals, and sleep in confined spaces

• Antarctic research station scientists follow structured daily routines to stay healthy in isolation

Where Else Do We See This Science?

Working Principle

1) Chart paper

2) Markers and sketch pens

3) Pencil and ruler

4) Reference material (ISS daily
routine examples)

5) Stickers or printed images
(optional)

Materials Required 

Lets start with the activity

Additional Links

(Space Potty) 
https://youtu.be/5WSlGRBTFNI?si=RpaaPatcObGm5SYj

(A Day in the Life of 
an Astronaut in Space) 
https://www.youtube.com/watch?v=hHyNGnmNg8A

(Astronauts explain food prep) 
https://youtu.be/onm7P_iFueE?si=tYwRuEulpe67V2Dy

(ISS Tour)
https://youtu.be/XkM_04Ch76E?si=fUnjnGd8_F8BdutT

(What Happens When You Wring It?) 
https://youtu.be/lMtXfwk7PXg?si=6tt3ZcCvlqPBjtlj
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5.4 Daily Routine Board5.4 Daily Routine Board

Students should observe:
• Importance of exercise in space.
• Differences between Earth routine and space routine.
• Strict scheduling of experiments.
• Limited leisure time in space.

Observations

The activity demonstrates that a structured routine is necessary to ensure mission efficiency, especially since 
the environment of microgravity significantly affects even the simplest daily habits. Prioritizing both physical 
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05 Human Spaceflight

a. To understand why astronauts wear pressurized gloves.

b. To experience reduced hand flexibility (dexterity).

c. To observe how fine motor tasks become difficult in space suits.

d. To relate the activity to astronaut training and spacewalk challenges.

e. To develop patience, coordination, and problem-solving skills.

Objective

To simulate the challenges astronauts face while working in bulky space suits by performing tasks wearing thick 
gloves inside a confined box.

Scientific Foundation

5.5 Space Glove Box Challenge 

The Ultimate Space Experience
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5.5 Space Glove Box Challenge5.5 Space Glove Box Challenge

The activity demonstrates that thick gloves significantly reduce dexterity, making fine motor tasks both slower 
and much harder to perform. Because the protection provided by space suits often comes at the cost of 
flexibility, extensive astronaut training is essential to learn how to adapt to these physical limitations. Space 
suit gloves are designed to protect astronauts from the harsh environment of space, but they also limit critical 
hand movement. Engineers must work to carefully balance safety and functionality, ensuring that gloves 
provide the necessary protection without preventing astronauts from completing their technical mission 
tasks.

Analysis and Conclusion

• Nuclear plant workers handle radioactive materials using thick 
gloves inside sealed protective boxes

• Beekeepers wear thick protective gloves while handling hive 
frames, reducing finger movement greatly

• Bomb disposal technicians use heavy protective gloves, requiring 
extensive practice for precise control

• Welders wear heat-resistant gloves that limit finger movement, 
demanding skill built through regular training

Where Else Do We See This Science?

NASA designs advanced space suits that allow astronauts to work safely during spacewalks.

ISRO is developing space suits for future human spaceflight missions. Astronauts train for years to 
perform simple tasks while wearing pressurized gloves.

Real-World Connection

Wearing thick gloves reduces finger flexibility and 
tactile sensitivity. Students attempt small tasks inside 
a box while wearing gloves to simulate restricted 
movement and limited visibility.

Working Principle

1) Thick winter gloves or padded
gloves

2) Cardboard box (with hand holes
cut out)

3) Small objects (nuts and bolts,
beads, coins)

4) Screwdriver and screws (safe size)

5) Stopwatch

Materials Required 

Lets start with the activity

Procedure 

Students should observe:
• Difficulty in gripping small objects.
• Reduced speed while performing tasks.
• Increased effort required.
• More mistakes when wearing gloves.

Observations

Use safe, blunt tools only.

Supervise use of 
screwdrivers.

Avoid sharp objects.

Precautions & Safety
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5.5 Space Glove Box Challenge5.5 Space Glove Box Challenge

The activity demonstrates that thick gloves significantly reduce dexterity, making fine motor tasks both slower 
and much harder to perform. Because the protection provided by space suits often comes at the cost of 
flexibility, extensive astronaut training is essential to learn how to adapt to these physical limitations. Space 
suit gloves are designed to protect astronauts from the harsh environment of space, but they also limit critical 
hand movement. Engineers must work to carefully balance safety and functionality, ensuring that gloves 
provide the necessary protection without preventing astronauts from completing their technical mission 
tasks.

Analysis and Conclusion

• Nuclear plant workers handle radioactive materials using thick
gloves inside sealed protective boxes

• Beekeepers wear thick protective gloves while handling hive
frames, reducing finger movement greatly

• Bomb disposal technicians use heavy protective gloves, requiring
extensive practice for precise control

• Welders wear heat-resistant gloves that limit finger movement,
demanding skill built through regular training

Where Else Do We See This Science?

NASA designs advanced space suits that allow astronauts to work safely during spacewalks.

ISRO is developing space suits for future human spaceflight missions. Astronauts train for years to 
perform simple tasks while wearing pressurized gloves.

Real-World Connection

Wearing thick gloves reduces finger flexibility and 
tactile sensitivity. Students attempt small tasks inside 
a box while wearing gloves to simulate restricted 
movement and limited visibility.

Working Principle

1) Thick winter gloves or padded 
gloves

2) Cardboard box (with hand holes 
cut out)

3) Small objects (nuts and bolts, 
beads, coins)

4) Screwdriver and screws (safe size)
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Materials Required 

Lets start with the activity

Procedure 

Students should observe:
• Difficulty in gripping small objects.
• Reduced speed while performing tasks.
• Increased effort required.
• More mistakes when wearing gloves.

Observations

Use safe, blunt tools only.

Supervise use of 
screwdrivers.

Avoid sharp objects.

Precautions & Safety
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05 Human Spaceflight

a. To learn the history of human space exploration.

b. To understand major milestones in space travel.

c. To explore challenges faced by astronauts.

d. To inspire interest in STEM careers.

e. To develop observation and reflection skills.

Objective

To understand the journey of human space exploration through animated educational videos and reflect on its 
scientific and technological importance.

Scientific Foundation

5.6 Human Spaceflight-Animation Movie 

The Ultimate Space Experience
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5.6 Human Spaceflight-Animation Movie

B. Crystal Growth in Space: Crystals grow more perfectly in space, useful for medicines and electronics.

C. Human Body in Space: Microgravity weakens muscles and bones, helping study astronaut health.

D. Plant Growth in Space: Plants grow based on light instead of gravity, important for space farming.

E. Fire in Space: Fire burns in a spherical shape, helping improve spacecraft
safety.

F. Materials in Space: Materials behave differently in vacuum and radiation,
helping build stronger spacecraft.

In this activity we would be going in more depth of Astronaut Group Captain 
Shubhanshu Shukla’s exciting journey to ISS through this movie and about the 
experiments performed in space 

ISRO is preparing for human spaceflight missions under its Gaganyaan program. NASA has 
conducted historic missions including Moon landings and International Space Station operations. 
Human space exploration continues to expand scientific knowledge and technological capability.

Real-World Connection

This film follows the inspiring journey of Group Captain Shubhanshu Shukla, AC India's astronaut who flew to 
the International Space Station on Axiom Space Mission Ax-4. From Indian Air Force test pilot to months of 
grueling astronaut training across the world, the film captures milestone of his extraordinary path to space. 
students will witness the physical, mental, and technical challenges that every astronaut must overcome 
before they can leave Earth's atmosphere. Onboard the ISS, Gp. Capt. Shubhanshu Shukla, AC conducted 
scientific experiments and represented India among the world's finest space explorers. This film is a tribute to 
India's growing ambitions in human spaceflight and a call to the next generation to dream boldly, work 
relentlessly, and reach for the stars.

Movie Summary

1) Projector or display screen

2) Selected animated educational
movie

3) Speakers

4) Notebook and pen

5) Reflection worksheet

Materials Required 

Lets start with the activity

Procedure 

Students should observe:
• Rocket launch sequences. • Microgravity effects.
• Astronaut activities in space. • Re-entry and landing process.

Observations

5.6 Human Spaceflight-Animation Movie104



5.6 Human Spaceflight-Animation Movie
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ISRO is preparing for human spaceflight missions under its Gaganyaan program. NASA has 
conducted historic missions including Moon landings and International Space Station operations. 
Human space exploration continues to expand scientific knowledge and technological capability.

Real-World Connection

This film follows the inspiring journey of Group Captain Shubhanshu Shukla, AC India's astronaut who flew to 
the International Space Station on Axiom Space Mission Ax-4. From Indian Air Force test pilot to months of 
grueling astronaut training across the world, the film captures milestone of his extraordinary path to space. 
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before they can leave Earth's atmosphere. Onboard the ISS, Gp. Capt. Shubhanshu Shukla, AC conducted 
scientific experiments and represented India among the world's finest space explorers. This film is a tribute to 
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Procedure 

Students should observe:
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• Astronaut activities in space. • Re-entry and landing process.

Observations
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Module Number Chapter/Topic Book (NCERT)

1. Launch 
Module

1.1 Build Arduino Based Launch 
Checklist System

Class 9, Physics, Chapter 8,Chapter 9, 
Force and laws of motion,Gravitation

1.2 Sugar Rocket with Thrust 
Measurement 

Class 9, Physics, Chapter 9, Gravitation

1.3 Build Pressure Sensors and  
Calculations

Class 9, Physics, Chapter 9, Gravitation

1.4 Two-Stage Water Rocket with 
Mechanical Separation

Class 9, Physics, Chapter 7, Motion, 
FORCE AND LAWS OF MOTION

1.5 Projectile Motion With and Reduced 
Drag Demonstration

Class 9, Physics, Chapter 7, Motion, 
FORCE AND LAWS OF MOTION

1.6 Orbital Velocity and Escape 
Mechanics

Class 11, Physics, Chapter 7, Motion, 
FORCE AND LAWS OF MOTION

2. On Orbit 
Module

2.1 Calculate Orbital Period – 
Determining Orbit Time from Altitude

Class 11, Physics, Chapter 7, Gravitation

2.2 Solar Panel Efficiencyand Sun-
Tracking Design

Class 12, Physics, Chapter 14, 
Semiconductor Electronics: Materials, 

Devices and Simple Circuits, 

2.3 Stefan–Boltzmann Law and MLI 
Blanket Design

Class 11, Physics, Chapter 11, Thermal 
Properties of Matter

2.4 Controlling Orientation With Reaction 
Wheel

Class 11, Physics, Chapter 6, System of 
Particles and Rotational Motion

2.5 Sensor Interface and Telemetry 
Monitoring

Class 12, Physics, Chapter 14, 
Semiconductor Electronics: Materials, 

Devices and Simple Circuits

2.6 Obstacle Detection and Terrain 
Navigation Rover

Class 12, Science, Chapter 9, Ray Optics 
and Optical Instruments

3. Recovery / 
Orbital 

Maneuvers

3.1 Velocity Change Calculation and 
Trajectory Analysis

Class 9, Physics, Chapter 11,  Sound

3.2 Safe Re-entry Corridor and Angle 
Analysis

Class 9, Physics, Chapter 7, Motion

3.3 Heat Shield Mass Loss and Thermal 
Protection Comparison

Class 9, Physics, Chapter 8,  Force and 
Law of Motion

3.4 Multi-Stage Parachutes and 
Deployment System

Class 9, Physics, Chapter 7, Motion

3.5 Precision Landing Challenge Using 
Fins 

Class 9, Physics, Chapter 10, Work and 
Energy

3.6 Capsule Design – 3D Modeling and 
Virtual Walkthrough

Class 10, Physics, Chapter 9, Light 
Reflection and Refraction

4. Ground 
Segment & 

Mission 
Operations

4.1 Building Communication System 
using Arduino Transceiver 

Class 10, Physics, Chapter11, Electricity

4.3 Decoding SSTV Images from the ISS Class 12, Physics, Chapter8, 
Electromagnetic waves

4.4 Drone-Based 3D School Mapping and 
Analysis

Class 10, Mathematics, Chapter 8, 
Introduction to trignometry

4.5 Mission Command & Control 
Simulation 

Class 10, Science, Chapter 11, Electricity

MAPPING OF LEVEL 2 SPACE ACTIVITIES TO NCERT CHAPTERS



Module Number Chapter/Topic Book (NCERT)

5. Human 
Space & 

Microgravity

5.1 Microgravity Research Space-Based 
Phenomena

Class 10, Biology, Chapter 5, Life 
processes

5.2 Spacesuit Dexterity Simulation and 
Thermal Insulation Design

Class 11, Physics, CHAPTER 12, 
THERMODYNAMICS

5.3 Centrifuge Training, G-Forces and 
Human Physiology

Class 11, Physics, CHAPTER 4, MOTION 
IN PLANE

5.4 Building and Integrating ISS Modules Class 11, Physics, CHAPTER 8, 
GRAVITATION

5.5 Design and  Engineering Secure 
Systems for Spacewalks 

Class 11, Physics, CHAPTER 5, LAWS 
OF MOTION

5.6 Real Stories – Apollo 13 & ISS 
Emergencies: 

Class 11, Physics, CHAPTER 8, 
GRAVITATION

MAPPING OF LEVEL 2 SPACE ACTIVITIES TO NCERT CHAPTERS



ADDITIONAL RESOURCES

Space Modules

Explore other levels of the 3-tier Space Module here

https://aim.gov.in/space-module.php

AI for Space Module

Developed by NITI Aayog in collaboration with Intel India, this comprehensive STEM program 

integrates AI-driven decision systems with mission-based simulations. Experience hands-on 

scientific experimentation inspired by the real-world aerospace operations of ISRO and NASA.

https://ai-for-space.digitalreadiness.org/

Activity Playlist

Watch these concepts come to life! Tune into our curated activity playlist featuring top creators. 

Follow along with step-by-step demonstrations, expert tips, and creative ways to

 explore the wonders of space.

https://www.youtube.com/playlist?list=PLe8QoqrwXb4QzLNncivND7h7i2Y5rKLae

Learn more about other ATL Learning Resources 
https://aim.gov.in/atl-curriculum.php
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