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VTOL (Vertical Take-Off/Landing), STOL (Short Take-Off/Landing, Stunt planes, Crop Dusters, Blimps - 
and even Drone Aircraft. You are probably aware 

of many of these types.  
HOW AN AIRPLANE CAN FLY 
You know from school science classes that the 
earth is covered by an “ocean” of air called the 
atmosphere. You probably also have learned (and 
experienced) that anything with mass/weight will 
fall toward earth if nothing opposes the 
gravitational force. So then, how can an airplane 

get into the air and stay there? 
The basic answer has to do with the forces acting upon the airplane. Those are: 
 GRAVITY (Weight) The Downward-acting force ------
 LIFT The Upward-acting force -----------------------
 THRUST  The Forward-acting force ------------------
 DRAG  The Backward-acting force (Air resistance) ---------------------
Two of these forces are quite easy to understand. You know from experience how Gravity or weight works, 
especially when you try to stand up or jump off of a higher object since the force of gravity will pull you 
toward the ground. And you know of Drag, or air-resistance, from the feeling of pedaling your bike into the 
wind or sticking your hand out of car window while moving. 
The other two forces we discuss here, Lift and Thrust are the keys to flight. These are the forces designer 
consider so as to overcome the Drag and Gravity forces. Thrust is the force that pulls or pushes the airplane 
forward and is created by an engine/motor of a variety of designs. Lift is created by the design of the wing 
so that air pressure flowing over the top of the wing is less than that below the wing - thus causing an 
upward force. The combination of Thrust and Lift then pull the airplane forward and lift it off the ground. 

Science of Flight 
In the 1700s a Swiss scientist named Daniel Bernoulli discovered that any fluid (liquid or air) reacts when 
the speed of the fluid changes. He found that the pressure of the fluid decreases at the point where the speed 
increases. For example, if you direct a fluid through a pipe in which the pipe diameter decreases, the speed 
of the fluid will increase - and the pressure will decrease at the narrow point. An airfoil uses this principle to 
create lower pressure across its upper side relative to the pressure on the lower side. Airplanes use airfoils in 
their wings, horizontal stabilizers, elevators, vertical stabilizers, rudders and propellers. 
As the airfoil moves through the fluid called air, the air must move faster to travel across the upper curved 
surface than the air that travels across the lower flat surface. This creates a lower air pressure above the 
wing and results in Lift. This is the simplest definition of flight dynamics and many other factors play a role 
in modern flight theory, but for our purposes this will suffice.  
You can demonstrate this principle yourself by putting your hand out of the window into the air as your car 
moves along. Hold your hand edgewise and you can feel the pressure trying to raise your hand and arm. As 
you tilt your hand upward and downward you experience the different forces that occur as you change the 
angle. 

Airfoils in Action 
When a wing is tilted upward it will produce greater lift - 
we call this “increasing the Angle of Attack,” which is the 
angle between the airfoil’s leading edge and the Relative 
Wind. 
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As that AoA increases, the lift (and the drag) will also increase - up to a limit. At somewhere around 18° to 
20° AoA, the airflow can no longer flow smoothly over the upper wing surface and separation begins to 

occur.   

We call this condition a STALL and the wing no longer 
produces enough lift to support the aircraft weight. 
Depending on the aircraft orientation and balance, the 
airplane will begin to descend, perhaps backwards, and 
perhaps with a roll or yaw that can enter a SPIN (a 
rotational semi-controlled or uncontrolled descent.) 

FLYING THE PLANE 

Now that we know what makes a wing fly, let’s discuss 
how the pilot controls the airplane by adjusting the many 
airfoils on the airplane. Increasing or decreasing 
airspeed and moving one or more of the airfoils 
(Horizontal Stabilizer, Elevators, Vertical Stabilizer, 

Rudder, Wings and Ailerons.) When the movable surface are adjusted the airflow over the surfaces changes 
which then changes the attitude or direction of 
the aircraft. These illustrations show 
how the airfoils are connected to the 
stick or wheel, the rudder foot 
pedals, and the throttle lever in 
the cockpit. 

 

Control Wheel or Stick 
The Stick or Yoke can be moved in all directions 
and that movement changes the positions of the 
ailerons and elevators. Moving the stick or wheel 
to the right moves the right aileron up and the 
opposite aileron down, changing the lift on the 
two wings, and causing the airplane to roll right.
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Aviation Careers

Airports
A variety of aviation 
careers are 
associated directly 
with airport 
operations.

Pilots
There are many 
ways to make a 
living as a pilot, from 
a flight instructor to a 
military pilot to a 
commercial airline 
pilot.

Airlines
Find a career in one of 
the largest employing 
industries out there 
today.

Aircraft 
Manufacturing
From small single-
engine personal 
aircraft all the way to 
gigantic transports, 
you could be building 
the airplanes of 
tomorrow.

Government 
Careers
Many opportunities 
are available not only 
with the FAA, NTSB, 
and NASA, but also 
with state and local 
governments.

Air Traffic 
Control
Providing information 
to pilots to ensure the 
safe and orderly flow of 
air traffic at airports 
and in our skies.
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https://www.eaa.org/en/eaa/aviation-education-and-resources/eaa-youth-education/work-in-aviation-and-start-your-aviation-career/aviation-careers-in-government
https://www.eaa.org/en/eaa/aviation-education-and-resources/eaa-youth-education/work-in-aviation-and-start-your-aviation-career/aviation-careers-in-government
https://www.eaa.org/en/eaa/aviation-education-and-resources/eaa-youth-education/work-in-aviation-and-start-your-aviation-career/careers-as-a-pilot
https://www.eaa.org/en/eaa/aviation-education-and-resources/eaa-youth-education/work-in-aviation-and-start-your-aviation-career/careers-as-a-pilot
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Pilot Certification
The FAA offers a progression of pilot certificates or licenses. Each license has varying experience and 
knowledge requirements and has varying privileges and limitations.

Student pilot
A student pilot certificate is issued by an aviation medical examiner (AME) at the time of the student’s first 
medical examination. For operations not requiring a medical certificate a student pilot certificate can be issued 
by an FAA inspector or an FAA-designated pilot examiner. The student pilot certificate is only required when 
exercising solo flight privileges. To qualify for a Student Pilot certificate, an applicant must be at least 16 
years of age (14 for glider or balloon)

Sport pilot
The Sport Pilot certificate was created to lower the barriers of entry into aviation and make flying more 
affordable and accessible. The sport pilot certificate offers limited privileges mainly for recreational use. It is 
the only powered aircraft certificate that does not require a medical certificate; a valid vehicle driver's license 
can be used as proof of medical competence provided the prospective pilot was not rejected for their last 
Airman Medical Certificate. To qualify for the Sport pilot certificate, an applicant must be at least 16 years of 
age (14 for glider or balloon)

Recreational pilot
The recreational pilot certificate requires less training and offers fewer privileges than the private pilot 
certificate. It was originally created for flying small single-engine planes for personal enjoyment; the newer 
Sport Pilot certificate overlaps this need and is easier to get, but the recreational certificate allows access to 
larger single-engine aircraft, and instructor endorsements are available to recreational pilots that are not 
applicable to sport pilots, such as flying at night or cross-country. To qualify for the Recreational pilot 
certificate, an applicant must be at least 17 years of age.

Private pilot
The private pilot certificate is the certificate held by the majority of active pilots. It allows command of any 
aircraft (subject to appropriate ratings) for any non-commercial purpose, and gives almost unlimited authority 
to fly under visual flight rules (VFR). Passengers may be carried and flight in furtherance of a business is 
permitted; however, a private pilot may not be compensated in any way for services as a pilot, although 
passengers can pay a pro rata share of flight expenses, such as fuel or rental costs. Private pilots may also 
operate charity flights, subject to certain restrictions, and may participate in similar activities, such as Angel 
Flight, Civil Air Patrol and many others. To qualify for the Recreational pilot certificate, an applicant must be 
at least 17 years of age (16 for glider or balloon.)

Commercial pilot
A commercial pilot may be compensated for flying. Training for the certificate focuses on a better 
understanding of aircraft systems and a higher standard of airmanship. The commercial certificate itself does 
not allow a pilot to fly in instrument meteorological conditions.

Instrument Rating
An instrument rating is required to fly under instrument flight rules. Instrument ratings are issued for a 
specific category of aircraft; a pilot certified to fly an airplane under IFR has an Instrument Airplane rating.

Airline transport pilot
An airline transport pilot ("ATP") is tested to the highest level of piloting ability. The certificate is a 
prerequisite for acting as a flight crew-member in scheduled airline operations. Minimum pilot experience is 
1,500 hours of flight time (1200 for Helicopters), 500 hours of cross-country flight time, 100 hours of night 
flight time, and 75 hours instrument operations time (simulated or actual). Other requirements include being 
23 years of age, an instrument rating, a rigorous written examination, and being of good moral character.
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Describe Some Uses for Aircraft Today

              KIND                      DESCRIPTION

1

2 .

3

4

5

Define Aircraft

Aviation 
Merit Badge Workbook  

This workbook can help you but you still need to read the official BSA merit badge 
pamphlet. The work space provided for each requirement should be used by the Scout to 
make notes for discussing the item with his counselor, not for providing the full and 
complete answers. Each Scout must do each requirement. 
No one may add or subtract from the official requirements found in Boy Scout 
Requirements (Pub. 33216 – SKU 619576).  The requirements were last issued or 
revised in 2014 •     This workbook was updated in March 2017.
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List the Forces That Act On An Airplane In Flight

Explain with this airfoil diagram how lift is generated:

CAF Utah Wing AVIATION MERIT BADGE WORKBOOK

Describe how a propeller produces thrust:
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Describe the use of  the Following Instruments

1 ALTIMETER

2 AIRSPEED IND.

3 TACHOMETER

4 COMPASS

5 ATTITUDE IND.

Describe how the control surfaces of  an airplane are used for 
takeoff, straight climb, level turn, climbing turn, descending turn, 
straight descent, and landing.

AILERONS ELEVATOR RUDDER FLAPS

TAKEOFF

STRAIGHT 
CLIMB
LEVEL TURN

CLIMBING 
TURN

DESCENDING 
TURN

STRAIGHT 
DESCENT
LANDING
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List 4 types of  Pilot Certificates

1

2

3

4

Accomplish the Following Tasks

1 Perform a Supervised Preflight of an Aircraft.

3 Visit an Airport and Learn what Facilities are there.

4 Visit an Aircraft Museum or Attend an Air Show

CAF Utah Wing AVIATION MERIT BADGE WORKBOOK

Use An Aeronautical Chart

1 Plot a Course On The Chart
2 Correct the Course for magnetic variation, compass deviation, and 

wind drift.to determine a compass heading.
Describe How Runways Are Numbered

List 6 possible Aviation Careers

1

2

3

4
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NOTES
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