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Introduction Introduction Introduction Introduction     
 

In today's high tech world, the simple things seem to get lost. However, there are still a few fans of 
the paper airplane. Since at least, 1909 paper planes have been flown and become addictive to the true 
fan. It doesn't matter whether you are looking for just a few planes to fold or the basics for a science 
fair project – this document should have something to offer everyone who is interested in paper planes. 

My personal interest in paper airplanes started in the school year of '69-'70. I also became a big fan 
of the balsa wood glider that year. I maintained that interest over the next several school years, always 
watching for someone to show me how to fold something a little different – there were maybe a half 
dozen unique design concepts available, with the classic dart the most folded by far. 

This was about as far as I got until I found a book on The Great International Paper Airplane 
Contest. The contest was held in the winter of '66-'67 but I did not know about it until about 1975. This 
was the first time I found instructions for folding some different types of planes and was introduced to 
the concept of cutting the paper to make more varieties of gliders. 

I had a very high interest in space flight as a profession and went to college as an aerospace 
engineer. This is a degree in engineering that specializes in both space vehicles and airplanes. While 
there I met many others who shared my passion for paper airplanes. Many of them were also more 
interested in the airplane side of classes than space. 

By my third year I became a co-op student at Martin Marietta in New Orleans working on the 
external fuel tank for the space shuttle. There I had a lot of engineers who were more than willing to 
share their boyhood plane designs. I was also responsible for getting contests going at lunch (that did 
not make all the bosses happy).  

After college I begin to collect more books on the subject and started to push my paper airplane 
fascination onto my boys with just a little success. However, we did get a call from school one day 
because one of the boys made a plane at school. To our surprise he wasn't in trouble so much as the 
teacher wanted us to show the other kids how to make planes! The art of paper planes was already 
being lost by then (about '86, I think). 

As the boys grew up my plane folding days decreased until our youngest son came along. By this 
time I was getting instructions off of the internet. One day in January of '04, a few days after my 
youngest son's seventh birthday, I was trying to fold a plane from instructions on the internet but was 
distracted and had my paper turned the wrong way. Instead of throwing it away, I decided to try to 
design my own plane. It worked great. My youngest son and I have not stopped since. We have 
currently designed over 50 folded airplanes. 

 

Some Some Some Some AirplaneAirplaneAirplaneAirplane    HistoryHistoryHistoryHistory    
 
The Greek philosopher Aristotle had the concept that air was a substance and had weight. 

Archimedes developed the law of buoyancy. This gave the foundation for the true study of flight as a 
science. Leonardo da Vinci studied the flight of birds and developed the concepts for the first gliders 
(along with a helicopter and a parachute) around the year 1500.  

Sir George Cayley, an Englishman, is considered the father of modern aerodynamics. He built 
several successful gliders using the concepts of angle of attack and curved airfoils. In 1853, he built the 
first passenger glider. However, it is believed that the first passenger was actually one of his coachman 
and not Sir George. The next major step was made by the German, Otto Lilienthal, who flew over 
2000 flights before being killed in a crash in 1896. 

This started the race to achieve powered flight. Dr. Samuel Pierpont Langley design small steam-
powered airplanes including one with a 5-meter wing span. Known as the "the Aerodrome," it flew 
over half a mile in 1896. He built a full-scale version of the same airplane designed to carry a pilot 
which crash twice during October and December of 1903. This gave the opportunity for the Wright 



brothers to be the first to have a successful powered flight. On December 17, 1903, the Wright brothers 
achieved success at Kitty Hawk, North Carolina. At last, manned flight was here to stay. 

 

SomeSomeSomeSome    Paper AirplanePaper AirplanePaper AirplanePaper Airplane    HistoryHistoryHistoryHistory    
 
Paper airplane history is not an easy thing to track due to the fact that in its early history there was 

not much recorded. It does not appear that there was anyone out there trying to find as many designs as 
possible in order to sell books. However, I do want to share what I know or believe to be accurate. 

By 1920 there were recorded documents that placed the making of the classic dart to at least as 
early as 1909.  Also, there are recorded interviews and statements that indicate that both gliders and 
darts were being made from single sheets of paper at that same time. In fact, the terms glider and dart 
appear to be in use by this time for distinguishing between planes with little lift and planes that 
"floated". There also seems to be more documented design of gliders in England than in the US. 

In talking with my dad (born 1928), I found that in the 1930's paper airplanes were popular among 
kids because purchased toys were too expensive and almost everything had to be handmade. 
According to his observation here in the US only a few boys knew how to make gliders and were very 
protective of how they were built. Sharing information was not as important on the playground as 
showing how much you knew compared to others. One point of interest is that for many years 
popularity was split between darts and very slow acrobatic gliders. Straight level flight over a distance 
was not as important since darts could go further and slow gliders stayed up longer. There were no 
contests for such things as hitting a target at 20 feet for the medium speed glider to win. 

About the time of WWII more of the slow gliders popular in England begin to become more 
popular on the playgrounds of America. Perhaps this was due in large part to soldiers stationed in 
England returning and showing American kids how to make planes such as The Swallow and 
improved versions of other slow gliders. Also, during WWII, there was a cereal company that put 
cutout designs of allied military craft used in the war on the back of their boxes. Prior to this I do not 
know how popular or common cutout and glue-up planes were. 

These activities may have had an impact on how many designers and experimenters were available 
to develop new planes such as the Trapezoid and various flying wings. The 1950's and 1960's was a 
time that airplane designs began to show up everywhere. However, the trend was toward flying wing 
and odd cutout shapes rather than trying to make nice gliders without scissors. Some of the classics 
around by this time were: The Bishops Hat, the Helicopter, the Flying Wing, the Trapezoid, the Loops, 
and the Cut Glider. 

By the 1970's, there was more effort put into designing good, faster gliders. Many designs begin to 
appear such as one similar to the Saber Tooth. Cutout and glue-up style, as well as weighted nose types 
became popular by this time. Also, by this time, books on the subject became much more common and 
there were so many planes to choose from.  

By the early 1980's paper airplanes began to become a lost art due to so many other attractions to 
the middle school age kids. Paper airplanes by this time were mainly an activity between preschool to 
early elementary age kids and their parents. The kids do not seem to continue the hobby with the drive 
to test and improve designs like they did in years past. I hope that the paper plane does not get lost as a 
thing of the past. 

 

Learning about PaperLearning about PaperLearning about PaperLearning about Paper 
 

Paper has been around for a long time. A few thousand years ago, the Egyptians took a marsh grass 
known as papyrus and cut the stems into thin strips. These were softened and layered to form a 
material suitable for writing. Today our word paper comes from the name papyrus. However, this 
material was not yet real paper. The first true paper came from China. In the year 105, T'sai Lun begin 
experimenting with various plant fibers (including mulberry wood), separating the fibers in water, and 



screening them into a thin layer. Once dried, this became the first true paper. Today, paper is still made 
in a very similar way.  

Making paper remained a very slow and expensive process for hundreds of years. This expense 
made books and writing paper too expensive for the average person to obtain in quantity. Finally, 
around the year 1900, modern paper mills were able to make a lot of affordable paper. At about this 
same time, real airplanes began to fly and there was need of paper for kids to make paper fliers for 
play. By 1930 when the Great Depression was keeping money scarce, paper was still cheap enough for 
most kids to make planes. Toys were too expensive to buy and fun had to be made with what was 
available. 

In the United States during this time most kids only knew how to make the classic dart; but, a few 
were experimenting with slow flying gliders. Gliders seem to have been more commonly made in 
England. After WWII, many of the gliders that had been made in England were starting to be more 
common in America. By the 1960's, the space age had allowed the imagination to carry beyond 
traditional airplanes to dreaming of exotic shapes and styles. The new age of the paper airplane was 
here. It is not a popular hobby although it does have peaks and valleys of popularity in schools. But to 
the loyal fan it carries right on into adulthood.  

Leaving history, we can move on to the important stuff, modern paper. From experiment we can 
find out that some types of paper make better airplanes than other types. Also, certain planes may work 
well on one kind of paper and be a total dud on another. Some characteristics of paper just make it 
difficult to fold and make the plane, but other characteristics actually affect the ability of the plane to 
fly even when well made. This can have much more effect on gliders than darts. Some of the most 
important of these characteristics are: weight, texture, strength, stiffness, and stretch. To better 
understand this we need to know a little more about how paper is made today. 

First we are going to look at what kinds of materials are used to make paper. The main ingredient 
of paper is cellulose, the primary material that plants use for cell walls. In the plant stems fibers made 
from cellulose are held together with a glue-like substance known as lignin. To start the paper making 
process the plant material is chipped or cut and soaked in water to dissolve most of the lignin away. 
Many different types of plants can be used including soft woods, hard woods, cotton, and flax. The 
type of plant material, or combination of materials, is the first thing that will affect the properties of 
our paper. The best type of material for most paper airplanes is wood because it produces paper with 
better folding characteristics as well as a better texture. The type of paper which is used to make 
money would not be good for planes because it is made of 75% cotton and 25% linen (flax). Also, 
parchment or resume' paper contain a large percentage of cotton and do not make very good plane 
material. 

The next part of the process that can have an affect on our plane is the amount of lignin that is 
removed. Somewhere between 90% and 95% is removed. To make a soft bendable paper requires 
more lignin to be removed. Also, during this part of the process the cellulose fibers are broken down 
into smaller fibers. To get a good quality paper requires small fibers. This additional processing to 
remove more lignin and make the fibers smaller takes more time and effort, causing the cost of the 
paper to go up. The type of wood will also affect how small the fibers can be broken up. Softwood 
trees will make the best paper. We can see the difference fiber size makes by looking at construction 
paper and comparing it to bond paper (the best plane paper). If you try to make airplanes out of 
construction paper, very few gliders will work well because of the rough texture caused by large fibers. 

Once the fibers are broken down they are screened to remove them from the water. From this point, 
the fibers are run through heavy rollers that will thin them down to a constant size. This rolling process 
has two main affects on the paper characteristics. First, the weight of the paper is controlled by how 
thick the paper is left after the rolling process. Second, the rollers may have a rough texture instead of 
a smooth surface. This is to make the paper look and feel like old fashion parchment. Some of our 
gliders will do fine with texture and some won't. Experiment and try slight different adjustment to get 
better results. Going back to the thickness, most of our designs will work better on heavier bond paper. 
The three most common thicknesses are: copy paper and light weight ink jet (20 lb), heavy weight ink 



jet (24 lb), and extra heavy weight ink jet (28 lb). My favorite for regular planes is 24 lb and 28 lb if I 
am going to glue their folds up for shooting with a rubber band launcher. An even heavier but stiffer 
paper is cover stock or index stock, both of which can be labeled as card stock. Cover stock will 
normally be found in 60 lb or 65 lb weight. Index will be found in 90 lb or 110 lb weights. Because of 
how paper is weighed, 65 lb cover stock is very close to 110 lb index stock. Both of these types can be 
used for planes that are cut out and layers glued together to make rigid models (a whole new "paper" 
airplane method). Card stock in general is too stiff to fold into regular paper planes. 

Three of the important characteristics (strength, stiffness, and stretch) are important because they 
control our ability to fold the plane and the ability of the plane to resist damage. Strength is the 
property of being able to resist tearing under load. It is very closely related to stiffness, the ability to 
resist bending. Both of these properties help to keep our planes from being damaged during landing or 
crashing into walls. However, if they get too strong and stiff the paper cannot be easily folded. Also 
stiff paper can cause planes to fly very poorly for reasons to be discussed in the advanced text (Science 
of Flight). Stretch is the ability of the paper to bend without tearing. This is a good property that is 
better in paper made from wood than in paper made of cotton or flax. It can really be noticed when 
trying to reverse the direction of a bend. 

Weight is an important property for more than one reason. It directly has effect on the strength and 
stiffness of the paper. In addition, it becomes very important for how well an airplane can fly. Since 
paper airplanes do not have any power except the initial toss it is important to get all the energy 
possible during the toss. The weight, or actually the mass, of the paper becomes important here since 
the speed of the throw will be the same for both light weight paper and heavier paper. Heavier paper 
will have more momentum that will resist slowing down from the drag, allowing the plane to stay in 
the air longer and go further. However, the airplane will drop if there is not enough lift to hold up the 
weight. It seems that we end up with good points and bad points that must be balanced out for every 
design. Each design will have a best weight paper. 

Texture is also a very important property of paper. It has a lot to do with how the air flows around 
the plane. This can change how much of the wing is actually effective at producing lift (unlike real 
planes a large part of the wing area of a paper air plane does not help with lift). This will cause the 
plane to be trimmed differently as the texture changes. For a given design, this texture change may 
help or hurt. We can begin to see that paper airplane design can be a real challenge and is not as simple 
as it seems. 

 

Parts of a Paper AirplaneParts of a Paper AirplaneParts of a Paper AirplaneParts of a Paper Airplane 
 

Before getting started on learning about paper airplanes we need to look at the terminology for the 
different parts that may make up a paper plane: 

 
 
 
 

                              Fuselage or Body 
Nose 

Fin 

Leading Edge 

Trailing Edge 

Tail (Vertical Stabilizer) 

Wing 

Canopy 

Tail Area (Horizontal Stabilizer) Typical Paper Plane 



 

Learning about Learning about Learning about Learning about Basic Basic Basic Basic Paper Airplane DynamicsPaper Airplane DynamicsPaper Airplane DynamicsPaper Airplane Dynamics    
 

The study of how forces (loads) change the motion of a body, such as a paper plane, is called 
dynamics. Paper airplanes motion is determined by the action of four different forces: lift, weight, 
thrust, and drag. The sketch below shows the direction each of these four forces act. 

 

                              
 
We are going to study a little about each of these forces. First, lift is the force that is produced on 

the plane as air travels over and under the wing. The air travels a little faster on the top of the wing 
than on the bottom of the wing. The study of behavior of air in motion, known as aerodynamics, tells 
us that this causes the air on the bottom of the wing to push up a little harder than the air on top of the 
wing pushes down. This difference in push is the lift. Aerodynamics also tells us that the faster the 
plane is flying the more lift we get acting on it. The lift also depends on the geometry, or shape, of the 
plane. These two facts together teach us that the best throwing speed for every plane design is 
different. 

Opposing lift is weight. Weight is simply a measure of how heavy our paper is. In order to have a 
straight and level flight for our plane, the weight should be equal to the lift. Too much lift and our 
plane will climb and too little lift and our plane will drop. Another very important feature of an 
airplane is that the point that the weight balances, called center of gravity, must be at the same point as 
the center of lift. If the center of lift is in front of the center of gravity then the nose will rise and if the 
center of lift is behind the center of gravity then the nose will drop. In order to balance these loads, we 
must often "trim" our plane. However, trimming the plane increases drag. The best solution is to 
slightly redesign the folds to adjust the center of gravity to balance the loads without trimming. 

     
The next load is thrust. In real airplanes this is provided by the engines throughout the flight. But, 

in a paper airplane the main source of thrust comes from the initial throw. The only other source is if 
our plane makes it high enough that once it slows down and loses lift, then it picks up more speed as it 
starts to fall back toward the ground. Full size gliders can pick up height by catching warm air rising 
and then pick up speed (more thrust) as they drop from this higher altitude. Even model planes shot 
with a rubber band launcher can get some extra fly time this way. However for paper planes thrown 
indoors we must rely totally on the initial throw. 

Balanced Nose Heavy Tail Heavy 



The last force is drag. This comes from the fact that there is friction resistance from the air that 
flows around the plane. This force opposes thrust and slows our plane down. The best we can do to 
minimize drag is to make the flattest and most crisp folds we can as we make our plane and to use 
paper that has a texture that is low drag. The best texture is usually the smoothest paper, but some 
planes fly well with a texture of parchment paper. You can really see what bad texture can do if you try 
a glider on rough construction paper. 

To overcome drag for indoor paper planes, often the best thing we can do is to use the heaviest 
paper that the plane can produce enough lift for. The reason for this is that, regardless of weight, we 
are going to throw the plane at the speed that produces the correct lift. Also, there will be only a little 
difference in drag between different weight papers. Heavier paper will give the plane more energy and 
momentum to resist the effect of drag. However, the plane must be able to produce enough lift for the 
heavier weight to maintain a level flight. 

 

Learning about Learning about Learning about Learning about Types of Types of Types of Types of Paper AirplanePaper AirplanePaper AirplanePaper Airplanessss        
 
There is more than one type of paper airplane based on how the plane flies. Darts are planes that 

have very little lift and very little drag. Because of this, many of them basically fly in an arched path 
like a regular dart thrown at a dart board. They can be thrown hard to go a long distance but most of 
them just don't have any real straight and level flight time. The exception to this is that a few designs 
can fly very straight with enough lift to keep from falling at a high speed (at least high for a hand 
tossed plane) but will start to drop once they have slowed down to a medium speed. This really 
amounts to a transition between a dart and a glider and, for lack of a better term, I call them straight 
darts. Normal gliders have enough lift to actually fly straight and level at a medium speed. Slow 
gliders have enough lift to stay flying at slow speeds. They will actually stay in the air longer than 
normal gliders and are often the best type to do acrobatics.  

 
 
 

 
 
 
 
Some airplanes can even be stiffened up with a little glue and shot with a rubber band shooter. 

When choosing a plane to be launched with a rubber band shooter, it is often best to choose either a 
fast glider or a straight dart. In order to make a plane strong enough to be launched by a rubber band 
we make the plane out of heavy paper such as 28 lb. or card stock. Once folded the fuselage (body is 
glued together to stiffen it and a notch cut into it for launching. The plane can be sprayed with 

Dart  -  Classic Straight Dart  -  
Trigon 

Glider  -  
Quasar Clipper 

Slow Glider  -  
Old Acrobat 



hairspray to stiffen it even more. Using card stock, we can even cut out parts and glue layers to make 
real model airplanes that can be flown with rubber band launchers.  

                                
 

                                                                     
  

    
    

Learning Learning Learning Learning How to Trim a PlaneHow to Trim a PlaneHow to Trim a PlaneHow to Trim a Plane    
 

No matter how well we fold, we will most likely have to trim our plane. We will need to decide if 
we are going to tape our planes or leave them open. For many years, I hated the idea of having to use 
tape on a paper airplane. But, I finally realized that it did make better flying gliders. To keep it neat I 
prefer to use ¾" diameter color dot labels. However, if you want to fly in an official contest you must 
use regular scotch tape. 

                      
 
If you don't tape then you will have to smooth out some of the edges. Air does not like to flow over 

or across sharp corners. This can cause the plane to want to spin to one side or the other if you don't 
round the edges between the body and the wings as shown below. 

                           

Rubber band launcher 

Pencil or dowel 

Looped together 
rubber bands 

Tape front together. Also tape over 
overlapping folds. 

Alternate tape location 

Round these edges. 



The next part to adjusting is to get straight and level flight. If the nose is going down or plane just 
doesn't have enough lift then curve back (trailing) edge of wing up as shown. If nose goes up then 
curve trailing edge down. For both of these adjustments, you may have to make curved edges and then 
straighten back as good as you can while leaving just a very slight adjustment. 

 
 
 

                  
 
If the plane has a tendency to flip over and fly upside down, then try folding the fins to the opposite 

side, or add fins if there are none. Adding or removing the tail can become necessary when going from 
one type of paper to another. Adding a tail will bring the nose up and removing one will bring the nose 
down.  If the plane spins out of control, then make sure that the wings are angled up, not down. This 
angle is called dihedral angle and is important for stability (helps prevent rolling).  

 
 
 
 
 
 

 

DesignDesignDesignDesigning Your Own Planesing Your Own Planesing Your Own Planesing Your Own Planes 
 

Anyone who enjoys folding and flying paper airplanes should try their own designs. To begin, play 
around with modifying existing designs to improve their flight for you. From there, you can just start 
folding and testing, where most of the real fun is. It is always exciting when you throw a brand new 
plane and it soars as well as anything you have ever made, including anybody else's design. In this 
section, I just wanted to add a few basic tips: 

 
 Start with a smooth paper you have had good success with in the past. 

This can be either 20 lb or 24 lb. 
 

 Watch 1st flight to see if the weight (center of gravity) must be 
adjusted. If nose goes up, then you need to move weight forward. 
Think of folds that will get it there. If nose goes down, try a tail or trim 
before changing folds to move weight back. 
 

 If plane rolls over on its back, it need fins changed or possibly it needs 
wings folded backwards from where they are currently by turning the 
paper over before folding wings. 
 

 There is usually some way to tuck in those loose flaps. 
 

If nose goes down then round 
these edges up. 

If nose goes up then round these 
edges down. 

Dihedral angle 

Stable Unstable 



 Realize that many people have been folding paper over the last one 
hundred years and have probably already come up with a design like 
yours. If you find out later that your plane actually had been made by 
someone else in the past, don't despair – you still designed it too.  
 

 Of all my designs, (50+) I expect they have been built by others in the 
past but I can't find directions for them. So I suggest documenting 
your work. 

 
 
The main thing is to have fun! 

 
 

Pat Morgan 


