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How to use this Pack 

This activity pack aims to teach you about the concepts of aircraft control and stability.  

The pack is laid out in two halves. The left-hand side contains the learning material and all the 
activities for you to have a go at whilst the right-hand side is full of fun facts and questions to 
answer. The image below gives you an idea of what to expect. 

 

As well as lots of information, there are plenty of practical tasks in this pack for you to get involved 
with. Key words are emphasised in bold so that you don’t miss them. 

Anything in Green is something for you to do! This may be an activity where you make or try 
something, or it may be a question for you to answer. 

Anything in purple is an extension challenge! Again, this may be a practical activity or it may be a 
question to answer but this sort of stuff goes above and beyond the rest of the pack! If you want 
to challenge yourself then give it a go! 

 

Throughout this pack there are links to additional information in the form 
of extra reading or videos to watch that will emphasise what is in this pack. 
These will be presented as QR codes like the one on the right. 

If you have this pack open on a computer, then simply click on this image 
and it will take you to the extra information. Alternatively, if you have a 
printed copy, then scan the code on a phone and it will take you to the 
correct place. 

 

Equipment needed 

To complete the activities in this pack you will need: 

● Paper (a few sheets) 

● BluTac or a paper clip 

● Scissors 

 

 

Cool facts, history 
information, jokes 

and questions 

 

Learning material, practical 
activities, and questions 
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Taking Control 

Aircraft control is an important part of flight as it allows you 
to determine the way in which the aircraft moves and the 
direction it moves in.   
 
An aircraft has three main axes of rotation which are pitch, 
yaw, and roll.  
 
Movement in these directions is achieved by control surfaces 
called elevators, rudders and ailerons - the diagram below 
shows where on the aircraft these are found: 

 

 

Over the next couple of activities, we are going to explore 
which control surface is responsible for which movement 
and we are also going to have a go at demonstrating these 
three motions with a paper plane. 
 
 
 

 
 
 
 
 
 
 

The History of Flight  
George Cayley (1773-1857)  
Widely considered to be the 
“Father of Aeronautics”, he 
identified the four key forces 
that act on an aircraft which 
led to the designs we know 
today.  

 
  

He correctly predicted that 
sustained flight was only 
possible with a lightweight 
engine – which didn’t exist in 
his time. 
 
The Wright Flyer (1903) 
The Wright Brothers were the 
first humans to fly a heavier 
than air powered aircraft 
(Balloons and Gliders don’t 
count!) in Kitty Hawk, North 
Carolina. Their “runway” was 
made of a track of wood! The 
first successful flight (37m) is 
about the size of a modern 
Airbus A320 (37.6m). 
 

 
  
 

Who invented the paper 
airplane? 

The Write Brothers! 

 
 



Stability and Control       
 

Page | 4 

Pitch 
Pitch refers to the nose up or nose down movement of the 
aircraft. It is by changing pitch that an aircraft can climb or 
descend. Pitch is controlled by the elevator (highlighted in 
red) which is found on the wing on the tail – the tailplane.
  

 

 
By deflecting the elevator up, it gets in the way of the air 
passing over the tailplane. Because the air flow is disrupted 
and forced up and over the elevator, an equal and opposite 
reaction force is made that acts on the tailplane in a 
downwards direction.  
 
This force acts away from the pivot point of the aircraft and 
so creates a turning force, or moment, on the aircraft. 
 
This moment tips the tail down and the nose up and so the 
aircraft climbs. 
 

 
 
The deflection of the elevator is controlled by the pilot moving 
the stick back and forth.   

 

 

 

 

Fun Fact! 
The average cruising 
altitude of a long-distance 
commercial airplane is 
between 31,000 and 
38,000 feet. 

 

 
A bit more History 
The Douglas DC3 (1935)  
The Douglas DC-3, which 
became the first airliner to be 
profitable carrying only 
passengers, started the 
modern era of passenger 
airline service. 

 
 
By the beginning of World 
War II, many towns and cities 
had built airports, and there 
were numerous qualified 
pilots available. 
The war brought many 
innovations to aviation, 
including the first jet aircraft 
and the first liquid-
fuelled rockets 

 
Remember: Moment 
= Force x distance 
from pivot point 
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Activity 1 – Making a paper aeroplane 

Make a paper aeroplane following the instructions below: 

 

 

Next, cut and fold two control surfaces into the back of the 
aircraft as shown below: 

 

By bending the surfaces up together, try and see if you can 
demonstrate the motion of the aircraft pitching upwards and 
climbing as discussed above.  

What happens if you bend both control surfaces 
downwards? 

 

 

 

 

 

 

 

Did you know? 
The world’s fastest 
airplane is the Lockheed 
SR-71 Blackbird, flying at 
2,193 miles per hour. It has 
held the record for nearly 
40 years. Here it is worth to 
mention that commercial 
jet has an average cruising 
speed of 550–580 mph.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Extension 1 -  
Further Reading 
Find out more about the 
history of flight from NASA:  

 
 

 

Cut here 

Fold here 
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 Roll 
Roll is probably the easiest to understand as it is what it 
says it is – the aircraft rolling from one side to another. It is 
controlled by the ailerons which are found towards the ends 
of the wings. Unlike the elevators which both deflect up or 
both deflect downwards, these work in opposites. If the left 
aileron bends up, the right aileron bends down.  

 

Bending the left aileron up creates a downwards force on 
the left wing. As the left aileron has bent up, the right will 
bend down and so this creates an upwards force on the 
right wing. Together these create a rolling moment that roll 
the plane to the left (in an anti-clockwise direction). 

 

Activity 2 – Exploring Roll 
Use the same airplane as before, try bending one of the 
control surfaces you have made up and the other down 
to see what happens. 

You may have noticed that on your paper plane, you have 
used the same control surfaces to do the job of the 
ailerons as the ones you used to do the job of the elevator. 
This is because the plane you have made is what is called 
a delta wing - it has a big triangular shaped main wing but 
no smaller wing on the tail.  An example of a real-life delta 
wing aircraft is the Concorde. These types of planes have 
combined control surfaces where one surface does two 
jobs. 

Quiz - Q1 

 
 
A combined elevator and 
aileron (like that used on 
Concorde and your paper 
plane) has a special name. 
Which of the following do 
you think it is? 
 
A. Ailervator 
B. Elevon 
C. Ailervateron 
 
 
 
 
 
 
 
 

Fun Fact 
More than 3600 litres of 
paint are required to paint 
the exterior of the A380! 

 
 
 
 
 
 
What do we want? Low 
flying airplanes! When 
do we want them? 

Neeeeeeooooowwwww! 
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 Yaw 
Yaw refers to the aircraft “turning” left or right and is 
controlled by the rudder which is found on the tail fin. 

 

Deflecting the rudder to the right creates a force that acts on 
the tail fin that pushes it to the left. This creates a moment 
that then turns the plane in a clockwise direction.  

Activity 3 – Exploring Yaw 
 

Make a new paper airplane using the instructions from 
activity 1 but this time stop at step 5. 

With your plane at this point, make the following cuts and 
folds to create a tail fin and rudder.  

 

By bending the rudder, try and see if you can demonstrate 
the motion of the aircraft turning or yawing as described 
above. 

 

 

 

 

Did you know? 
Air travel is the second 
safest form of transport. 
Only the elevator/escalator 
is safer, although it would 
take quite some time to 
travel 1,000 miles on an 
escalator. 

 
 
 
What do you get if you 
cross a plane with a 
magician? 

A flying sorcerer! 
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 Quiz – Q2 

Using what you have learnt above, can you correctly fill in 
the labels on this control surface diagram?  

  

 

Challenge Activity 1 – Trim  
 

This challenge requires using your paper aircraft that has 
elevator control surfaces on it. Place a small weight at 
the front of the plane (a paperclip on the nose works well). 
Make sure your control surfaces are NOT deflected and 
then throw your aircraft.   

With the weight on the front, what do you notice happens?  

By deflecting the elevators, try and see if you can get the 
plane to fly straight and level. Which way did you need to 
deflect them?  

This process is called trimming an aircraft. 

 

 

Unbelievably True! 
The winglets on an Airbus 
A330-200 are the same 
height as the world’s tallest 
man - 2.4m! 

 

 
 

 
 

 
 
 
 
 
Extension 2 -  
Further Reading 
Find out more about 
control surfaces and how 
the pilot moves them using 
the control stick and rudder 
pedals here: 

 

 

 

 

 

What do you get if you 
cross a snake and a 
plane? 

A Boeing Constrictor. 
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 Challenge Quiz – Q1 

 

The rudder, elevators and ailerons are what are called 
the primary control surfaces. This is because they are the 
most important when it comes to determining how an 
airplane will move.   

However, they are not the only control surfaces an aircraft 
has. These other ones are described as the secondary 
control surfaces.   

Question: Below are the names of three secondary 
control surfaces and a description of what they do. See if 
you can match the control surface to its description  

(Hint: Use the diagram below to help you) 

 

 

 

 

 

 

 

 

 

Did you know 
Many believe that A380 is 
the largest plane in the 
world. It is not!  
There is one more airplane 
called Antonov An-225, it 
is larger than A380. 

 

 

Russia also built the 
largest “helicopter” ever, 
the V-12: 

 

 

 

Why did the airplane get 
sent to his room? 

Bad altitude. 
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 Strong and Stable  

Just like control, understanding aircraft stability is crucial 
to designing an aircraft. The difference between stability 
and control is this: stability describes how the aircraft 
responds to a disturbance (a change of direction) whereas 
control is how easily the pilot can change the movement 
or direction of the aircraft. The more stable an aircraft is, 
the harder it is to control (change direction). The less stable 
the aircraft, the easier it is to control (change direction). It’s 
an aircraft designer’s job to find the right balance between 
the two.  

In simple terms, static stability is how an aircraft initially 
reacts (i.e. whether or not it self-corrects) in response to a 
disturbance such as a gust of wind.    

 

We’ll be focusing on static stability in pitching (pitch is 
how up or down the aircraft’s nose is pointing). 

Depending on the design, an aircraft’s static stability will 
be either positive, negative or neutral.  

Activity 3 – Stability in a Bowl 
Grab a mixing bowl and a small ball. Follow the images 
below and see for yourself how the static stability of the 
ball changes! 

 

Quiz – Q3 
Can you think of an 
example of when negative 
static stability might be 
useful and why? (hint 
below and on this page). 

 

 
 
 
 

Flying Facts 

Most airplanes have 
a flight data recorder that 
keeps track of everything 
the plane does. These are 
often called “black boxes” 
even though they are 
orange. 
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Where does a mountain 
climber keep his plane? 

In a cliff-hangar. 

 

  

Aircraft Stability 
Let’s see what positive, negative and neutral static stability mean for an aircraft.  

 

Positive: The aircraft returns to its original position when disturbed. 

 

 

 

Negative: The aircraft keeps moving away from its original position when disturbed.  
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Neutral: The aircraft remains in the same (disturbed) position after it is disturbed 

 

 

 Quiz – Q4 

Match up the forces to the correct blue arrow. 

● Lift 

● Weight 

● Thrust 

● Tail Lift 

● Drag 

 

Busy, Busy, Busy 
The world’s busiest airport 
is the Hartsfield-Jackson 
International Airport in 
Atlanta, America. It has 
over 96 million passengers 
a year. London Heathrow 
is in third place.  

 
 
Chicago O’Hare Airport is 
the busiest in the world in 
terms of take offs and 
landings. 
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Neutral Point 
Every aircraft has a Neutral Point. For a given aircraft, this 

is a fixed point along the aircraft. Its exact position depends 

on how the aircraft was designed (such as the shape, size, 

and position of the wings and tail), but it is usually designed 

to be somewhere in line with the wing.  

As the name suggests, when the Centre of Gravity (CG) 

of an aircraft coincides with its Neutral Point, the aircraft 

has neutral static stability. We’ll discuss what the Neutral 

Point is in a bit more detail later.  

If the CG is ahead of the Neutral Point, it has positive 
static stability and if the CG is behind the Neutral Point, 
it has negative static stability. To understand why, we 
need to look at the forces and moments acting on an 
aircraft  

Activity 4 – Exploring Stability 
Make a new paper airplane using the instructions from 
Activity 1 but stop after step 6 – don’t make the elevators. 

Now, get a blob of BluTac (or a paperclip) and stick it to the 
underside of the plane along the fold where you hold the 
plane to throw it. Practice throwing your plane to see how 
it flies with the BluTac in different places.  

When you’re ready, keep reading on to find out more about 
aircraft static stability and how you can change the static 
stability of your paper plane. 

 

 Positive Static Stability 
To figure out the moments that each of these forces produce 
around the pivot point (which is the CG) we need to look at 
the length of each moment arm.  

 
1. Tail Lift moment arm  

2. Lift moment arm  

3. Drag moment arm  

4. Thrust moment arm  

Note that the Weight force acts through the CG (pivot 
point), so the length of moment arm is zero and therefore 
there is no moment due to the Weight. You can see that 

Quiz – Q5 

Can you remember the 
equation for Moments?  

 

 

 

 

 

Unbelievable! 
Pilots on a plane often 
don’t eat the same food as 
passengers or even the 
same food as each other to 
avoid falling ill at the same 
time when flying. Different 
airlines may have different 
policies regarding this but 
there some form of safety 
net like this is always in 
place.  
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the Lift and Tail Lift moments are the largest (the Lift has 
a short moment arm, but it is a large force, and the Tail 
Lift is a small force but has a very long moment arm). 
Meanwhile, the Thrust and Drag forces have very short 
moment arms. This means we can focus on just the Lift 
and Tail Lift moments as they will have the largest effect 
on the pitching static stability.  

 

In steady level flight, you can see that the Tail Lift 
moment and Lift moment cancel out, keeping the aircraft 
flying level. This is why the Tail Lift is designed to act 
downwards. 

 

If a sudden gust of wind pushes the nose up, then the angle 
that the wings are at (known as the “angle of attack”) 
increases. Wings generate more Lift at higher angles of 
attack, so the Lift moment increases. Conversely, the Tail 
Lift (and its moment) decreases.   

 

 

 

 

 

 

This causes the nose to pitch down, returning the aircraft 
to its original position and stabilises it:  

 

What do you call a flying 
primate? 

A hot air baboon. 
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If the gust of wind came from above and pitched the nose 
down, then Lift would decrease and Tail Lift would 
increase therefore pitching the nose back up. 

Activity 5 – Positive Stability 
Time to modify your plane! Grab your paper plane and fold 
the back of the wings up slightly to look something like this:   

 
 

This will mimic the effect of a Tail on a conventional 
aircraft, to help produce the Tail Lift needed 
for stability. Try to make sure the folds are symmetrical on 
each side.  

Now place the BluTac just behind the nose of your plane. 
This will help ensure that the CG is in front of the Neutral 
Point.   

Before you throw it, what do you expect to observe? Why?  

Now throw your plane and watch how it flies.  

 

 
 
You might see your plane 

bob up and down like in 

this video – though it might 

not be as obvious unless 

you have a world record 

throw!  

This is the effect of positive 

static stability: in the 

video the plane was 

initially thrown with the 

nose pitched up and it 

then self-

corrected to pitch the 

nose back down. 

 
 Negative Static Stability 

 

Did you hear about the 
young pilot who flew 
through a rainbow 
during his pilot’s exam? 

He passed with flying 

colours. 
 
Wow! 
One windshield or window 
frame of a Boeing 747-
400’s cockpit costs as 
much as a BMW car! 
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If the CG is behind the Neutral Point, then any small 
disturbance will cause the nose to keep pitching up 
because both the Lift and Tail Lift moments are now 
acting together in the same direction.  

 

Activity 6 – Negative Stability 
Next, move the BluTac near to the back of the plane and 
try throwing it.   

What do you think will happen this time? Why?  

You might notice that the nose pitches up and this time the 
plane doesn’t correct itself.  

 

 Neutral Static Stability 
Remember the Neutral Point introduced earlier? At the 
end of this section you’ll be able to figure out where to put 
the BluTac so that the CG of your plane coincides with the 
Neutral Point of your paper plane.  

As you observed, having the BluTac near the front of the 
plane gave it positive static stability, and having it 
towards the back gave it negative static stability. At 
some point between these two, the plane 
has neutral static stability.  

If your CG coincides with the Neutral Point, then the Lift 
moment and Tail Lift moment will always be the 
same magnitude as each other and will always cancel 
each other out. This means that if a gust of 
wind pitches the aircraft nose up, the aircraft will stay in 
that position- it won’t correct itself nor will it 
keep pitching up.  

The Future of Flight 
 
While we can only guess 
what planes of the future 
might look like, minimising 
carbon emissions will 
certainly be a key design 
driver.  
 
Airbus’ approach to 
reduce emissions is 
through the use of 
hydrogen as a fuel. Unlike 
traditional aviation fuels, 
the by-product of 
hydrogen combustion is 
water! 
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Activity 7 – Neutral Stability 
Experiment with the position of your BluTac to get your CG 
to the Neutral Point. You could start by moving the BluTac 
1cm from the back of the plane and keep moving it forward 
by 1cm until your plane has neutral static stability.  

Challenge Activity 2 – Dynamic Stability 

You might be wondering why we keep calling it static 
stability instead of just stability. Well, the reason is that 
there is something called dynamic stability. While static 
stability tells us how the aircraft initially responds to a 
disturbance, the dynamic stability describes what 
happens after the initial response to a disturbance.  

Find a wide room, long corridor, or outdoor space (if it’s not 
too windy) to throw your paper plane as far as 
possible. Observe how it flies and try to figure out what type 
of dynamic stability your plane has.  

Challenge Quiz – Q2 

Can you work out which images show positive, neutral and 
negative dynamic stability?  

 

 

 

 

 
 
Meanwhile, others 
imagine a future where 
electric helicopter-like 
planes carry people 
around cities.  
 

 
 

Here is a video that 
introduces the topic of 
dynamic stability. 

 
   

 


