






r
r
I

I
f

Lift and Drag:
Hang Gliders and the Principles of Flight

7. Make six
V2 inch cuts at
"B" points to make B
elevators, ailerons,
and rudder. Fold slightly along dotted lines.

R '"" Rudders
A .= Ailerons
E = Elevators
W= Wings
F == Fuselage

done by means of small moveable parts, which can be
adjusted to alter the aircraft's movements. The gliders
your students have built have ailerons and elevators
on the wings, and a rudder on the vertical part of the
tail. By moving the elevators up slightly, a student can
make his glider climb; by moving the elevators up
further he can make his glider fly in a loop. If he
moves the elevators down, he can make his glider go
into a nosedive.

With the elevators set slightly up, a student can
move the right aileron slightly down and the left one
slightly up, and the glider will roll to the left. By then
moving the rudder to the left, a left turn can be exec­
uted. To turn the glider right, he can simply reverse
this process. By experimenting with other small move­
ments of these control surfaces, many other maneu­
vers can be accomplished. After some practice, the
children should become expert at predicting-prior to
launch-the paths that their models will take.

Only the sky's the limit when through active inves­
tigation with real materials, your students let their
imaginations soar/ to gain a solid grounding in
the principles of flight!

4. Fold evenly in half so
that the two sides meet.

3. Fold the peak down
evenly to within one inch
of the bottom of the page.

6. Fold up each tip of your
glider's wings V2 inch ­
this is the rudder assembly
(vertical stabilizer).

5. Fold back each side
one inch from the center
fold.

1. Take a standard size
piece of typing or note­
book paper (8V2 x 11)
and fold over from the
top left hand corner.

2. Fold the right hand
corner over to meet
your first fold.
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GLIDER

Directions for making a paper glider.

Students make paper gliders in a Smithsonian Resi­
dent Young Associate course on Flight.

their own. (For best results, a ruler should be used to
measure the rudder, ailerons, and elevators of each
glider before cutti.r:g and folding.)

In flying their gliders, students should know that
the ability to remain stable and also to maneuver in
flight is made possible by controlling the flow of air
over the surface of a glider or an airplane. This is

Lift and Drag
Two principles of flight basic to all gliders and air­
planes are "lift" and "drag." The following explana­
tion of these two principles is based on an interview
with RICHARD HALLIOI'<, Curator, Department of
Space Science and Exploration in the Smithsonian's
National Air and Space Museum.

Lift is the force that acts on the wings of a glider
or an airplane, causing the aircraft to rise into the air
and stay there during flight. By studying a cross sec­
tion of a typical airplane wing like the one shown
here, your students should be able to see that the air
flowing over the curved upper section of the wing
must travel farther and therefore faster than the air
passing under the flat, lower surface. This causes a
pressure change which pulls the wing upward.

The men who built and flew hang gliders during the
closing years of the 19th century laid the foundation
for the first successful flying machines. German aero­
nautical pioneer Otto Lilienthal was the most influen­
tial of this group of early "test pilots" who sought to
develop a stable glider as the first step toward pow­
ered flight.

The 1894 National Air and Space Museum glider
(shown here) is considered the most successful of Li­
lienthal's designs. The wing and tail surfaces are cov­
ered with cotton cloth, and a horizontal stabilizer is
connected to the frame by a pivot at the front of the
rudder. The wings are. designed to fold for ease in
transportation and storage. The pilot was suspended
between the wings by bars that passed underneath his
arms. By moving his legs and torso, he could alter the
center of gravity location so as to maintain limited
control. Lilienthal made glides of up to 350 meters
(1150 feet) in gliders of this kind. Hang gliding is
today a popular sport in many parts of the country.

air

Cross section of a typical airplane wing.

To see exactly how this principle works, students
might now try constructing an airfoil. Bend a
6" xl" strip of paper around a pencil, fastening the
ends of the strip together with a piece of tape, and
creasing the paper slightly where it touches the pencil
(see sketch). If you then hold the pencil and blow

WILL USE AS tIFT
..." IS GEN!Il.ATED

Sketch of airfoil, demonstrating LIFT.

directly down onto the bent part of the strip, the
taped ends will rise, demonstrating that lift has been
created by the difference in air pressure on the top
and bottom surfaces of the airfoil.

Drag is the resistance of a solid body, like a glider
or an airplane, to the air through which it moves.
While airplanes and gliders are streamlined to reduce
drag, they also have devices for deliberately creating
drag when needed. For example, the "speed brakes"
that slow down an airplane are in essence flat surfaces
that can be extended to increase drag.

To learn more about the phenomenon of drag, the
children might try playing "human airplane." By run­
ning across the schoolyard holding pieces of card­
board turned first against the wind on the flat side
and then into the wind on edge, students will quickly
get a feel for drag, the second important principle of
flight. A third basic principle of flight is thrust, which
in the case of an airplane is supplied by engine power.

The paper glider diagrammed here illustrates to
some degree the first two basic principles of flight.
The diagram is taken from the "Teacher's Guide" to
Flight: the Sky's the Limit, a 1975 Smithsonian Insti­
tution television film by David Wolper and Asso­
ciates. Either show the diagram to your students us­
ing an opaque projector, or duplicate it for classwide
distribution. Then have the children carefully follow
the accompanying directions to make paper gliders of

Lilienthal's 1894 glider.
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Early one morning in the spring of 1927, a tall young man in helmet and
goggles stepped into the cockpit of a silver-painted airplane about twice
the size of an automobile. The young man's name was Charles A. Lind­
bergh. His mission was to fly his airplane-the Spirit of St. Louis­
across the Atlantic Ocean, from New York to Paris, without stopping.

Airplanes in those days were fairly new inventions and not usually
flown long distances. Most people thought that the only sensible way to
cross the Atlantic, or any ocean for that matter, was by ship. They
thought that Charles A. Lindbergh would never make it from New York
to Paris.

But thirty-three and a half hours after taking off from New York,
Lindbergh landed in Le Bourget Airfield outside Paris. Cheering crowds
ran to meet him. He and the Spirit of St. Louis had made it! The two of
them had become famous almost overnight.

One of the few people who was not surprised by Lindbergh's success
was Paul Garber here at the Smithsonian Institution in Washington, D.C.
Mr. Garber had been interested in aeronautics since boyhood. Now that
he was a young man, an important part of his job at the Smithsonian was
to take care of a growing collection of objects relating to man's increas­
ingly successful attempts at flights. These objects included gliders, bal­
loons-and airplanes.

continued on page 4

Lindbergh's plane, the Spirit of St. Louis, on exhibit
at the Smithsonian.
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1918 photograph of BUriot XI in flight.
From the collection of the National Air
and Space Museum, Washington, D.C.

, .
Make a Model of a Blenot XI

Based on materials by RICHARD P. HALLION

Drawings by SUSAN WHITMORE

Here are instructions for making a model of an early airplane. The plane
is called the Bleriot XI.

Like other early airplanes, the Bleriot XI was made from wood,
with metal fittings and wire bracing. The wings of the craft were covered
with cloth. Your model will be made mostly from construction paper.
Besides construction paper you will need: a lump of clay, a toothpick,
scissors, cll:rbon paper, a ballpoint pen, and some glue.

Here is what you do:

1. Using carbon paper and a ballpoint pen, trace the patterns for the
different parts of your model (see page opposite) onto construction paper.
These parts are: the fuselage (or body) of the craft, the wings, the tail,
the propeller, and the rudder. (On a real airplane, the propeller works
to pull the aircraft through the air, and the rudder is used to turn the air­
craft.) When you are all finished tracing, cut out each part.

2. Cut out a flat-ended circle in the center of the body of the fuselage,
as shown, to make the cockpit. (The cockpit of an airplane is where the
pilot sits.)

3. Cut out two slots for the wings of the plane and five slots for the tail
section, where shown.

4. Fold the fuselage lengthwise along the four longer dotted lines. Then
lightly glue the hatched area V / / / /) of the fuselage and press this glued
area under the opposite flap to make the fuselage box. Wait for a minute
or two to let the glue dry. Then fold the nose flap under.

5. Take a piece of clay the length and thickness of your little finger and
roll it into. a tight ball. Place this ball inside the nose of the aircraft and
tape down the nose flap.

6. Take another, smaller, lump of clay (about the size of a small pea) and
place it against the outside center of the nose of the aircraft, over the dot.
Then pin the propeller through the clay to the nose of the craft as shown.

7. Stick a toothpick through the center of the wheels to make the axle.

8. Slide the wings through the wing slots and glue them in place.

9. Assemble the tail section in the order shown and glue each part in
place.

Now try flying your Bleriot XI. If properly balanced, with the right
amount of clay, it will fly in a straight line and land gracefully, as shown
in the drawing here. However, it may tend to go into a nosedive or do
backward flips, as shown with dotted lines in these drawings. Nosedives
can be corrected by removing a small amount of clay; backward flips can
be corrected by adding clay, a little at a time.
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continued from page 1

Mr. Garber had felt all along that Charles Lindbergh would make it
from New York to Paris. And Mr. Garber knew that this would mean
that the Spirit of St. Louis would be the first plane in the world to fly
all the way across an ocean, from mainland to mainland, without stop­
ping. Because of its importance to the history of flight, Mr. Garber
wanted the Spirit of St. Louis for the Smithsonian, where it would always
be properly cared for and where it could be placed on exhibit for
future generations to see.

And so it was that one of the first things Lindbergh received after
waking up in Paris from the long sleep that followed his historic flight
was a cablegram from the Smithsonian in Washington. The cablegram
read:

Smithsonian Institution congratulates you on glorious achievement.
Hope Spirit of St. Louis will eventually join Langley's machines,
the "Army Wright" (first plane ever owned by any government),
the NC4, "Chicago," and other historic American planes in our
United States National Museum.

C. G. Abbot, Acting Secretary, Smithsonian Institution

In a recent interview, Mr. Garber, who still works at the Smithsonian,
told us the rest of the story. "The Spirit was brought back to the United
States aboard a U.S. Navy cruiser," he' said. "Lindbergh toured the
United States and Latin America in it; and then, on April 30, 1928,
he telephoned me and asked me to meet him at Bolling Field [outside
Washington]. He was flying it in and would deliver it into the Smith­
sonian's custody that very dayl

"The plane was in perfect condition. We drained the gasoline from
the tanks and the oil from the oil sump, and cleaned it. Then we took
it apart and brought it to the Smithsonian's Arts and Industries Building,
towing the body on its own wheels and carrying the wing and tail group
in the truck. Once inside the museum, we put it back together and hung
it from the ceiling on steel cables for visitors to see."

After that, Lindbergh often came to the museum to see the Spirit of
St. Louis, and in the course of these visits, he and Mr. Garber became
good friends.

In 1975, the Spirit of St. Louis was moved from the Arts and Indus­
tries Building to the Smithsonian's new National Air and Space Museum, ~

where it has been given a place of honor in a gallery celebrating the I:l
6""Milestones of Flight." From the museum balcony, you can look inside ~

the cockpit and imagine how Lindbergh must have felt on that day g
fifty years ago when he and the Spirit of St. Louis set out on the grand 2..
adventure that proved once and for all the practicality of across-the- g:
ocean flight. ~


