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	Grade Level
	Content Standards for 6-8th

	Subjects
	Physical Science, Earth Science

	Duration
	Preparation:    30 min                         Activity:  3 class periods

	Setting
	Classroom with internet, access to youtube, quicktime and powerpoint 



Objectives:
In this lesson students will
1. Understand and be able to describe how the Earth forms Jet Streams
2. Be able to describe the role of GPS in modern Aviation navigation
3. Learn to read and interpret an airspace sector diagram
4. Be able to use math to analyze flight conflicts and resolve the conflicts by changing the aircraft speed and/or routes to increase safety

Activity Summary
In this lesson, students will be introduced to aviation and the impact of GPS upon the future of flight. In addition to some history on the development of flight, students will learn about the various factors that influence safe aviation practices and navigation considerations.  Students will view an Air Traffic Control simulation tool to utilize the information presented to resolve flight conflict problems presented.  Also, students will be presented with an overview of the FAA NextGen systems being implemented to modernize aviation using GPS and other technologies that enhance safety, timeliness, and efficiencies for passengers and business.  
Materials
· Powerpoint Presentation
· YouTube videos:
· First Powered Flight Documentary
· Female Pilots Spread Wings in the Name of Earhart
· A Day in the Life of Air Traffic Over the United States
· Welcome to Sector 33
· How NextGEN Works
· Air Traffic Control Simulator
· Air Traffic Control Student Workbooks A, B & C
· Teacher guides for workbooks A,B,C
Activity Procedure
Engage – Up, Up and Away:
· Today we will begin examining airplanes and aviation.  Who has flown in an airplane? 
· Do you know anyone who works for an airline or flies an aircraft?
· What makes an airplane fly?
a. Lift - the difference in air pressure above and below the wings 
b. Thrust - the force moving the airplane forward
c. Control - the ability to tilt and adjust the direction of Lift and Thrust
· [After some additional brainstorming with students, show documentary on the First Powered Flight]
· So, we know how airplanes began.  
a. What did you take away from this film?
b. Where were the women in this film?  Are women new to the aviation field?
c. Show film “Female Pilots Spread Wings in the Name of Earhart” 
i. Women have been pioneers in the early years of aviation as were African Americans. 
· When planes fly they don’t always take a straight path.  For instance, it takes longer to fly from Europe to the U.S. than it does to fly from the U.S. from Europe.  Did you know that?  Do you know why that happens?
a. Answer: jet streams.  Explore the students’ knowledge on the topic with these probing questions:
i. What do you know about jet streams?
ii. What do you think causes a jet stream?
iii. How many jet streams do you think there are and where are they located across the globe?
· Powerful eastward flows call jet streams are formed from various factors, including the Earth’s rotation and the Sun’s uneven heating of the Earth’s surface.  These high-speed winds of jet streams, found near the top of the atmosphere, play a major role in guiding weather systems and effect the path that planes take to ensure safety and minimize flying time.
· Most aircraft fly at the high altitudes where jet streams exist
· Based upon the flying direction, the jet stream can either help the aircraft fly faster or present a lot of pressure that slows down the plane and requires more energy to push the plane through the headwinds.  
a. Think about a day when it is really windy outside and you want to take a walk.  If the wind is blowing toward you, isn’t it harder to walk forward?
b. If the wind is blowing against your back, it helps push you forward a little, correct? 
· This is the reason that it takes less time to fly from LA to New York than from New York to LA; the jet streams are pushing against the aircraft going from the East Coast to the West Coast, but help the plane fly faster going from the West Coast to the East Coast.    
a. In addition to saving time, aircraft also save fuel costs flying in a jet stream
b. The North Atlantic jet stream typically reaches its peak intensity during January and February, when the temperature contrast between the equator and the North Pole is largest.
· Most airlines plan their flight routes by using wind-optimal routes in order to reduce fuel (and thus cost).  The less wind resistance they can get, the lower the fuel costs.
a. How does Earth’s rotation affect the direction of the jet streams?
· In order to plan a flight route, what information do you think you will need:
a. Answers can include fuel calculations, weather forecasts, head or tail winds, air temperature and knowledge of all air traffic control requirements and safety regulations (this includes knowing those areas where it is restricted to fly over)
· There are a lot of predetermined routes in the US and the airlines will use the most economical route available.  But distance to other planes is also a part of that calculation needed to select a flight route.  As there are many things that need to be considered, flight dispatchers must be licensed in order to prepare and carry out flight planning tasks.
a. What other jobs are needed in order to fly an airplane?
i. Answers may include pilots, ground crew for safety, air traffic controllers, engineers to design the planes, safety inspector, mechanics to maintain/fix the planes
b. What type of training/experience is needed to do these jobs?
i. [Have the class research these positions independently or in teams in the classroom, then have team presentations on each career]
· Planes fly with considerations of weight, air pressure, aircraft design, gravity and engine thrust.  But how can planes get to their destination when they are so high up in the sky and fly at night and in a lot of clouds?  Why don’t they get lost?
a. They have Six instruments that provide pilots with information about an airplane’s motion and orientation with respect to the ground. These instruments allow them to fly safely even when they cannot see the ground or horizon.
b. The 6 instruments include: Airspeed indicator, attitude indicator, altimeter, tum coordinator, heading indicator, and vertical speed indicator.
Demonstration: So you want to be an Air Traffic Controller?
· Have you ever wondered what it’s like to be an Air Traffic Controller?  What do you need to consider?
· [show A Day in the Life of Air Traffic Over the United States] 

· Imagine it’s a stormy Friday in Northern California as the evening rush of air traffic fast approaches the San Francisco Bay Area from the East.  All flights going to San Francisco airport pass through “Sector 33” – your sector of airspace.  As the lead aid traffic controller, your job is to guide the plane safely through Sector 33 as quickly as possible.  To do this, you must choose the most efficient route and make strategic speed changes.  Can you handle Sector 33?  Let’s see.
· [show video Welcome to Sector 33]
· [Open the traffic controller simulation]

· Worksheet A – Learn to read and interpret an airspace sector diagram.
For each worksheet, the key points are briefly described as follows. 
a. Worksheet: Understand Sector Information
· Students may confuse “nautical miles” and “knots. “Nautical miles” are a measure of distance; “knots” are a measure of speed (nautical miles per hour). 
• 	Students may have difficulty reading a sector diagram to determine a plane’s exact starting distance from MOD. For example
a. When the distance is not a multiple of five (e.g., for distances such as 28 nautical miles.).
b. When a plane passes through OAL on its way from LIDAT or MINAH.

b. Worksheet : Understand Airplane Spacing Requirements. 
· At MOD, air traffic controllers line up all Sector 33 planes to proceed to the next sector. Controllers aim for Ideal Spacing (3 nautical miles) at MOD. Everywhere else, planes must have at least Minimum Separation (2 nautical miles).

· Worksheet B -Students will determine whether two or more planes traveling on different merging routes will line up with proper spacing at the last intersection before the planes leave the airspace sector.  If the spacing is not sufficient, students will analyze an alternate route for one plane.

Steps:
· Planes are traveling at the same altitude and the same constant (fixed) speeds.  There are only 2 planes and a simple route change will solve each problem.  A speed change is not required to resolve a spacing conflict.
· Use the interactive ATC simulator to explore each problem.  The worksheets provide a structured learning environment for exploring the problems with paper-and pencil to introduced students to pertinent air traffic control concepts as well as problem analysis and solution methods.
· Students first explore Problem Set B with the interactive ATC Simulator. Each problem features a 2-plane conflict that can be resolved by a route change. 
· The Simulator problems for Problem Set B are:
                  2-1*;    2-2*;    2-3*;    2-9;    2-10
· Problems with an asterisk (*) are supported by worksheets in Student Workbook B.
· For a discussion of the key points associated with the first three Simulator problems, see the worksheet notes in the following Student Workbook section of this document.
· Worksheet: Problem 2-1. 
· Each plane starts at a different distance from MOD. The difference between the planes’ starting distance from MOD represents a “headstart” for the closer plane. 
· Since the planes are traveling at the same speed, the closer plane maintains its “headstart”.
· With the new route, the planes’ spacing at MOD will be greater than the Ideal Spacing. A route change may provide additional spacing, but does not guarantee Ideal Spacing. In a later Workbook, students will have the opportunity to change plane speeds as well as the route, and thus achieve Ideal Spacing exactly
· Worksheet: Problem 2-2. 
· This problem is similar to Problem 2-1, but students work more independently, with less guidance and structure.
· Worksheet: Problem 2-3. 
· This problem is similar to Problems 2-1 and 2-2. However, in this problem, students are expected to analyze and identify the spacing conflict on their own. Minimal structure is provided to guide students to a solution.
Conclusion: Focus on Next Generation of Air flight navigation
· Have you ever taken a trip on an airplane that was delayed leaving or arriving? What are some of the reasons that a plane might be delayed?
a. [Brainstorm possible reasons with students such as weather, mechanical issues, pilot/flight attendant availability, too many planes trying to take off or land]
· Who decides when a plane can land or take off?  What information is available to them to know when it is okay to take off or land?
a. Historically, the field of aviation used radars and vision to locate planes and ensure safety in the air.  However, Global Positioning System (GPS) has provided the technology needed to increase safety and efficiency of flight and is used by aviators throughout the world.  GPS has provided the cornerstone for new technologies that the Federal Aviation Administration has termed NextGen, or Next Generation Air Transportation System.   NextGen sets the standards around the world and further establishing the FAA’s global leadership in aviation through innovative technologies development to make flying even safer, more efficient and more predictable. With its accurate, continuous, and global capabilities, GPS offers seamless satellite navigation services that satisfy many of the requirements for aviation users.  Space-based position and navigation enable three-dimensional position determination for all phases of flight from departure, en route, and arrival, to airport surface navigation. 
· Let’s take a look at this video that describes how NextGen works
[bookmark: _1fob9te]	Show How NextGEN Works
· To summarize, the benefits of NextGen include:
a. Continuous, reliable, and accurate positioning information for all phases of flight on a global basis, freely available to all.
b. Create optimum routes to provide safe, flexible, and fuel-efficient routes for airspace service providers and airspace users.
c. Potential decommissioning and reduction of expensive ground based navigation facilities, systems, and services.
d. Increased safety for surface movement operations made possible by situational awareness.
e. Reduce aircraft delays due to increased capacity made possible through reduced separation minimums and more efficient air traffic management, particularly during inclement weather.
f. Increased safety-of-life capabilities such as Enhanced Ground Proximity Warning System (EGPWS) that has proven successful in reducing the risk of Controlled Flight into Terrain, a major cause of many aircraft accidents
Overall, NextGen significantly improves overall capacity, performance, efficiency and predictability through the National Airspace System (NAS).
Reliance on GPS as the foundation for today and tomorrow's air traffic management system is a major part of many national plans. Those aviation authorities that are moving forward with GPS have observed and documented reductions in flight time, workload, and operating costs for both the airspace user and service provider. GPS also serves as an essential component for many other aviation systems, such as the Enhanced Ground Proximity Warning System (EGPWS) that has proven successful in reducing the risk of Controlled Flight into Terrain, a major cause of many aircraft accidents.
Enrichment:
If time or student interest allows, complete Workbook C using the Teacher Guide.  This problem set goes further into the ATC simulation and has students determine whether 3 planes traveling on different merging routes will line up with proper spacing at MOD and, if not, students will use alternative routes from 1 or more places to achieve at least the proper spacing 



Scientific Terms for Students
Global Positioning System (GPS): a space-based satellite navigation system that provides location and time information in all weather conditions, anywhere on or near the Earth
FAA: the Federal Aviation Authority, a division of the U.S. Department of Transportation, oversees and regulates all aspects of civil aviation in the United States
Radar: an object-detection system which uses radio waves to determine the range, altitude, direction, or speed of objects such as aircraft, ships, motor vehicles, and even weather formations
Sector: A geographic area of the airspace for which a controller is responsible. 
Nautical Mile: Unit of measure for distance in air and sea travel. A nautical mile is 1.15 times a statute mile used in land travel. 
Knot: Units of speed for air and sea travel. One know equals one nautical mile per hour.
Call Sign: The unique designator for each flight. Is composed of a 3-letter abbreviation for the airline name and a unique flight number.
Conflict: When 2 aircraft do not meet the minimum separation standards. 
Flight Plan: specified information relating to the intended flight of an aircraft that is filed orally or in writing with an FSS or an ATC facility.
Route: A defined path, consisting of one or more courses in a horizontal plane, which aircraft traverse over the surface of the earth. 
Flight Path: A line, course, or track along which an aircraft is flying or intended to be flown.
Air Traffic Control (ATC) system: A service provided by ground-based controllers who direct aircraft on the ground and in the air.  The primary purpose of ATC systems worldwide is to separate aircraft to prevent collisions, to organize and expedite the flow of traffic, and to provide information and other support for pilots when able.
NextGen: Short for Next Generation Air Transportation, it is the transformation of the existing National Airspace System from a ground-based system of air traffic control to a satellite-based system of air traffic management, utilizing a portfolio of policy, procedures and innovative, new technologies; the cornerstone of which is GPS.



Background for Educator 
(Source: NASA, History of Flight, https://www.grc.nasa.gov/www/k-12/UEET/StudentSite/historyofflight.html)
History of flight:
Human beings have always wanted to fly. Evidence of our ancient desire to join the birds in the sky can be found in our earliest legends of winged gods and heroes, flying horses, and magic carpets. Then there are the hazy tales of real human beings who were carried aloft by kites or who sought to fly with wings of their own design. All too often, these intrepid souls suffered broken bones or worse. When the age of flight finally did arrive, it came from an unexpected direction that had nothing to do with wings. The invention of the balloon created a wave of excitement that swept across Europe and America. Although the balloon would be put to good use by science and the military, it could only travel where the wind blew it. The age-old dream of wings remained very much alive. 
Human beings have dreamed of flight for centuries, but the first creatures to venture aloft in a balloon were a duck, a sheep, and a rooster. An enormous crowd joined the King of France, Louis XVI, his Queen, Marie Antoinette, and their children at the Versailles palace on 19 September 1783. The occasion was the flight of these three hapless animal passengers aboard a hot-air balloon constructed by brothers Joseph and Etienne Montgolfier. After an aerial voyage lasting only eight minutes and covering some two miles, the first three air travelers returned safely to Earth, none the worse for wear. The Montgolfier brothers, natives of Annonay, in the south of France, belonged to one of the leading papermaking families of France. Fascinated by new discoveries in science, Joseph Montgolfier had begun to experiment with paper and fabric bags filled with hot air in the early 1780s. With his younger brother Etienne, he launched a balloon measuring ten feet in diameter from the town square on 4 June 1783. When news of what the two brothers had achieved in distant Annonay reached Paris, a prize was offered to the individual who could repeat the Montgolfier experiment. Not sure how the brothers had accomplished the feat, J. A. C. Charles, a popular lecturer on scientific topics, constructed the first balloon filled with hydrogen, a gas very much lighter than air. He launched the first gas balloon in Paris on 27 August 1783, near the spot where the Eiffel Tower now stands. Not to be outdone, the Montgolfiers hurried to the capital and arranged the flight from Versailles in September.
With public enthusiasm approaching a peak, the Montgolfier brothers designed a large balloon that carried the first human passengers aloft. On 21 November 1783, Pilâtre de Rozier and the Marquis d’Arlandes fed a fire of burning straw that filled the canopy of the balloon with hot air, lifting them about 330 feet into the Paris skies. Their flight lasted under 30 minutes. J. A. C. Charles and a companion, M. N. Robert Millbrook, became the first people to fly aboard a gas balloon on 1 December 1783. Balloons captured the imagination of Europeans and Americans alike. Peter Carnes, a lawyer and tavern keeper in Bladensburg, Maryland, sent the first American, thirteen-year-old Edward Warren, into the air on a tethered flight from Baltimore, Maryland, in June 1784. Early the following year, another American, Dr. John Jeffries, accompanied aeronaut Jean-Pierre Blanchard on the first flight across the English Channel. Gas balloons continued in use throughout the nineteenth and twentieth centuries, offering scientists a means of exploring the upper atmosphere and providing military officers with an aerial perch from which to observe the enemy.
Hot-air balloons became popular once again after World War II, when the advent of new materials and propane fired burners offered sportsmen a new way to venture aloft. In 1999, after a twenty-day, nonstop flight, Bertrand Piccard and Brian Jones became the first balloonists to complete a nonstop circumnavigation of the globe. The last solo balloon hurdle was crossed in 2002 when Steve Fossett circumnavigated the world by balloon alone. Today, colorful hot-air balloons of fanciful designs are seen floating in the skies all over the world. Those who see them might agree with Joseph Montgolfier, who long ago instructed his brother to prepare the materials for their first balloon—“and you will see one of the most incredible things in the world.”
Early Aviation Pioneers:
Sir George Cayley, a nineteenth century English baronet, richly deserves to be remembered as the “father of aeronautics.”  His insatiable curiosity led him to conduct the first real experiments designed to uncover the basic principles of flight. He discovered that the arched shape of a bird’s wing was one of the secrets of bird flight and reasoned that a similar shape on a fixed-wing machine might likewise allow it to fly. Cayley designed, built, and flew the world’s first model glider in 1804. He continued his experiments throughout his long life and is said to have sent
his coachman on a short glide across a shallow valley near his home, Brompton Hall, in 1853. Legend has it that the frightened servant resigned on the spot, explaining that he had been hired to drive, not to fly. Sir George Cayley’s many contributions to aviation include the understanding that a successful heavier-than-air flying machine would have to feature separate systems for lift, propulsion, and control. He explained the importance of streamlining, described the way in which stability and control could be achieved, and underscored the need for a lightweight power plant. The first person to link the evolving processes of science and engineering with aviation, he opened the door to the future. Otto Lilienthal built on both the experiments and information provided by Sir George Cayley. He published the results of his ground-based research, “Bird flight as the Basis of Aviation,” in 1890; he then began to apply what he had learned to the design of the gliders with which he would continue his work. Between 1890 and the time of his death in a glider crash in August 1896, Lilienthal made as many as 2,000 flights in eighteen different designs, including both monoplanes (single-wing) and biplanes. All his craft were hang gliders, controlled in the air by movements of the pilot’s body, which hung beneath the machine. The work of Otto Lilienthal provided the starting point for the experimenters who would take the final critical steps toward the invention of the airplane.
Octave Chanute, a self-taught American engineer, became interested in aeronautics in the 1870s. Corresponding with flying machine experimenters around the globe, he quickly emerged as the focal point of an international community of engineers who were attempting to fly. An admirer of Lilienthal, Chanute sponsored a series of glider trials on the sand dunes at the southern tip of Lake Michigan in the summer of 1896. The trials produced a triplane/biplane hang glider that represented a distinct improvement over the Lilienthal designs. A passionate promoter of aviation who believed in the importance of collecting information about the progress being made in the field and then sharing it with others who could carry on its development, Chanute inspired and stimulated other aviation experimenters, including a pair of brothers from Dayton, Ohio. Octave Chanute attracted the American scientist Samuel P. Langley to aeronautics. Appointed Secretary of the Smithsonian Institution in 1887, Langley conducted extensive research into the principles of flight, then began his design experiments with small rubber-band-powered models that he called “aerodromes.” In 1896, Langley completed two flights of up to 4,200 feet with model steam-powered aerodromes. While the aerodromes were too small to carry a pilot and could not be controlled, they were the first powered, significantly large models to fly. The War Department then provided Secretary Langley with $50,000 to design and build a full-scale aerodrome capable of carrying a pilot. He tested his machine in October and December of 1903. On both occasions, the structure collapsed when catapulted into the air from a houseboat anchored in the Potomac River. It flew, one reporter observed, “like a handful of mortar.” Pilot Charles Manly survived both trials, but the aeronautical career of Samuel Langley was at an end.
The Wright Brothers:
Orville Wright once explained that he and his brother, Wilbur, were lucky to have grown up “in an environment where there was always much encouragement to children to pursue intellectual interests, to investigate whatever aroused curiosity.” The sons of a church bishop and his mechanically inclined wife, the Wright boys first became interested in flight as children when their father presented them with a rubber-band-powered helicopter toy of the sort designed by Alphonse Pénaud. Although neither of them attended college, Wilbur and Orville Wright were intellectual, intuitive, confident, and mechanically gifted. As young men, they operated both a print shop and a bicycle shop in their hometown of Dayton, Ohio. Still, their curiosity and technical skills drove them to pursue other challenges. The death of Otto Lilienthal reignited their boyhood passion for wings. The brothers launched their own aeronautical effort in 1899 after corresponding with both the Smithsonian Institution and Octave Chanute. They realized that their first challenge was finding a way to control a machine in the air. They tested their notion of a wing-warping control system on a small kite flown from a hill in Dayton. Between 1900 and 1902, they built three gliders, testing them over the sands of Kill Devil Hills near Kitty Hawk, North Carolina, a location that was ideal because of its high winds and tall dunes, with plenty of sand for soft landings. 
Disappointed with the performance of their early gliders, the brothers conducted a series of wind tunnel tests in the bicycle shop during the fall of 1901. On the basis of those tests and their experience with the gliders, they designed and built their third full-scale glider in 1902 and completed 1,000 flights with it, remaining airborne for as long as 26 seconds and covering distances of up to 622.5 feet. Now they were ready to attempt a piloted, powered flight. With assistance from their machinist, Charles Taylor, they designed and built the aircraft and a four-cylinder internal combustion engine that would deliver precisely the amount of power required. They also built the propellers, based on their wind tunnel data, that proved to be the most efficient of the time. Success came on the morning of 17 December 1903. Orville Wright made the first flight at about 10:35 A.M., a bumpy and erratic 12 seconds in the air. A few minutes later, Wilbur flew the plane 175 feet—just a few feet shorter than the wingspan of a Boeing 747. Orville then flew again, a distance of 200 feet. During the final flight of the day, piloted by Wilbur, the Wright Flyer remained airborne for 59 seconds and flew 852 feet. These four flights marked the first time that a powered, heavier-than-air machine had made a sustained flight under the complete control of the pilot. The Wright brothers were not surprised by their success, for they had meticulously calculated how their machine would perform and were confident that it would fly once they had ironed out all the problems from their previous tests. Within a few days of these flights, the Wright brothers were the subject of what were, for the most part, wild and inaccurate reports on the front pages of major newspapers from coast to coast. When they did not follow up with public flights in 1904, the press assumed that the Kitty Hawk story had been an exaggeration, if not a hoax. Wilbur and Orville Wright pressed ahead, moving their experiments closer to their Dayton, Ohio, home. There, in 1904, in a meadow called Huffman Prairie, they built the Wright Flyer II, the first airplane to fly a circle in the air. The Flyer III followed in 1905, a plane that could stay in the air for over half an hour, turn, bank, and fly figure eights. The Wrights were determined not to fly in public until they had received the protection of a patent and had signed contracts for the sale of their machine. They ceased flying completely in the fall of 1905 and concentrated on finding buyers for their technology. In 1908, the Wright brothers finally received due acclaim when Wilbur made public flights in Europe, amazing spectators with his flying skill and the maneuverability of the Wright Model A biplane. That same year, Orville took a plane to Fort Myer, Virginia, where he demonstrated the Flyer. In 1909, they returned to Fort Myer and sold the world’s first military plane. By 1909, the Wright Company was turning out four planes a month, making it the largest airplane manufacturer in the world. They also formed one of the earliest exhibition teams, flying in various venues where they could publicize and market their planes. Orville continued to fly through 13 May 1918, six years after Wilbur’s death from typhoid fever. He sold his interest in their business in 1915 but remained actively engaged in other related pursuits, among them an ongoing disagreement with the Smithsonian Institution over who had been the first capable of flight, the Wrights or Samuel Langley. The Smithsonian had originally given the nod to Langley but later acquiesced in favor of the Wright brothers. When Orville Wright died in 1948, he had seen many of the advances in aviation that were a direct result of the work he and his brother had accomplished.
First Ladies of Flight:
The role women have played in the progress of aviation is punctuated by the achievements, many of them “firsts,” of hundreds of brave and determined aeronautical pioneers. These pioneers included women like Juanita Pritchard Bailey, the first woman to fly a plane solo from the United States to Panama, and Evelyn “Bobbi” Trout, who, in 1929, became the first woman to complete an all-night flight. The following year, Amy Johnson, considered by many to be Britain’s most famous female pilot, became the first woman to fly alone from England to Australia. In 1931, Anne Morrow Lindbergh, wife of Charles Lindbergh, became the first woman to receive a glider pilot’s license. But even before the considerable accomplishments of these women, Alabama-born Katherine Stinson was well on her way to a series of “firsts” all her own. In 1912, Stinson became the fourth woman to be issued a pilot’s license. In 1913, she became the first woman to carry the U.S. mail; in 1915, she became the first woman to perform an aerial loop-the-loop. That same year, Stinson became the first woman to skywrite. The honor of being the first woman to fly across the Atlantic belongs to Amelia Earhart, although on the first trip, she was a passenger. In 1932, however, she was at the controls and became the first woman to make the trip solo. Later, she was also the first woman to earn the Distinguished Flying Cross. In 1937, Earhart embarked upon a journey that, had it been successful, would have given her the distinction of being the first woman to fly around the world. The mystery of her disappearance during that flight, along with that of her navigator and plane, remains to this day a matter of debate. It was Geraldine Mock who, in 1964, flying a single-engine Cessna 180, completed this circumnavigation, becoming the first woman to do so. Amelia Earhart also has the distinction of being the first president of The Ninety-Nines, an organization that was formed in 1929 and still exists today. The name comes from the total number of the group’s charter members, licensed female pilots who came together to create an entity that would help advance aviation and provide a vehicle for female pilots to support each other. Today, The Ninety-Nines, Inc., boasts over 6,500 members worldwide. Jackie Cochran, a former beautician from Florida, served as president of the Ninety-Nines between 1941 and 1943. She was also the first female pilot to ferry a bomber across the Atlantic, and in 1943, she was appointed director of the Women’s Airforce Service Pilots (WASPs). The WASPs were approximately 1,000 civilian women who, as the United States entered World War II, delivered aircraft to combat areas all over the world. Though the program was deactivated only sixteen months after its inception, it was and still is considered a success. Cochran was awarded the Distinguished Service Medal and the USAF Legion of Merit for her service. Rightfully called America’s leading female pilot, Cochran is also remembered
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Years before this, in 1921, Bessie Coleman broke the color barrier and became the first African American female pilot. Texas-born Coleman, who had grown up amidst poverty and discrimination, overcame two major hurdles in her goal to become a pilot: she was a woman and she was African American. Undeterred, she went to France, where a more liberal outlook prevailed. In 1921, the Fédération Aéronautique Internationale awarded her the pilot’s license she had dreamed about. For Earhart, Cochran, Coleman, and the many other women who achieved so much in aerospace—from Valentina Tereshkova, the first woman in space, to Eileen Collins, the first female pilot and commander of the Space Shuttle—perhaps it is Harriet Quimby to whom they all owe a debt of gratitude. In 1911, Quimby became the first American woman to receive a pilot’s license. In 1912, she was the first woman to fly across the English Channel, a trip she made in just over an hour. Today, of the approximately 635,000 pilots in the United States, over 37,000 of them are women, enthusiastically taking up the challenges to which Harriet Quimby opened the door. Each of them has helped prove what President Roosevelt said in 1935 when Amelia Earhart became the first woman to successfully fly from Hawaii to California: “Aviation is a science which cannot be limited to men only.” And it hasn’t been.
The Tuskegee Airmen:
Black Americans had not been allowed to be pilots in the military prior to World War II.  In July 1941, the Army Air Corps began a program to train Black Americans as military pilots. The military selected Tuskegee Institute to train pilots because of its commitment to aeronautical training. The program was titled the “Tuskegee Experiment.” Once a cadet completed primary training, he was sent to nearby Tuskegee Army Air Field to complete flight training and transition to combat-type aircraft. “Tuskegee Airmen” included pilots, navigators, bombardiers, maintenance and support staff, instructors, and all the personnel who kept the planes in the air. The Tuskegee Airmen exemplified courage, skill, and dedication in combat. They flew more than 15,000 sorties, completing over 1,500 missions during the war. Equipped with their red-tailed P51 Mustangs, the pilots of the 332nd Fighter Group never lost an escorted bomber to enemy fighters—a record only the Tuskegee Airmen can claim. American bomber crews reverently referred to them as “The Black Redtail Angels” because of the identifying red paint on their tail assemblies. Feared and respected by the Germans, the Airmen were known as the “Schwartze Vogelmenschen”—Black Birdmen. At the end of the war, the Tuskegee Airmen returned home with numerous awards for gallantry. Their heroics in the air and dignity on the ground won them the highest honors.
NextGen:
How were our nation’s airways set up? In the 1920s when the government was developing airmail service, they established air-traffic routes. In 1926, he government built a network of navigational aids for pilots, beginning with bonfires that were later replaced by illuminated towers and, eventually, radio beacons and radar. Today, air traffic controllers still rely on radar to manage our choked airways.  
Too many airplanes in the sky, not enough runways on the ground, too much congestion, and outdated technology. This is the state of air travel in America today. Compared to 1950 when 17 million people flew by air each year, today 700 million Americans use air transportation to get places. That number is projected to rise to one billion by 2023. How can an overloaded and outdated system adjust to these changes? In this episode, we learn about NextGen technology, a modern satellite driven air traffic control system that is designed to accommodate this growth. Currently being used by the military, it is yet to be implemented on the ground and has the potential to transform and make more efficient air travel as we know it.   
The trend toward an Area Navigation concept means a greater role for GPS.  Area Navigation allows aircraft to fly user-preferred routes from waypoint to waypoint, where waypoints do not depend on ground infrastructure.  Procedures have been expanded to use GPS and augmented services for all phases of flight.  This has been especially true in areas that lack suitable ground based navigation aids or surveillance equipment.
New and more efficient air routes made possible by GPS are continuing to expand.  Vast savings in time and money are being realized.  In many cases, aircraft flying over data-sparse areas such as oceans have been able to safely reduce their separation between one another, allowing more aircraft to fly more favorable and efficient routes, saving time, fuel, and increasing cargo revenue.
Improved approaches to airports, which significantly increase operational benefits and safety, are now being implemented even at remote locations where traditional ground-based services are unavailable.  In some regions of the world, satellite signals are augmented, or improved for special aviation applications, such as landing planes during poor visibility conditions.  In those cases, even greater precision operations are possible.  
The good news for the aviation community is that GPS is being constantly improved and modernized.  A main component of the ongoing civilian modernization effort is the addition of two new signals.  These signals complement the existing civilian service.  The first of these new signals is for general use in non-safety critical applications.  The second new signal will be internationally protected for aviation navigational purposes.  This additional safety-of-life civilian signal will make GPS an even more robust navigation service for many aviation applications.
Next Generation Science Standards
MS-PS2.A  Forces and Motion: The Motion of an object is determined by the sum of the forces acting on it; if the total force on the object is not zero, its motion will change.  All positions of objects and the directions of forces and motions must be described in an arbitrarily chosen reference frame and arbitrarily chosen units of size.  In order to share information with other people, these choices must also be shared.
MS-ETS1.A.1  Engineering Design: The more precisely a design task’s criteria and constraints can be defined, the more likely it is that the designed solution will be successful.  Specification of constraints includes consideration of scientific principles and other relevant knowledge that are likely to limit possible solutions.
MS-ESS2.1  Earth’s Systems, Weather and Climate: Weather and Climate are influenced by interactions involving sunlight, the ocean, the atmosphere, ice, landforms, and living things.  These interactions vary with latitude, altitude, and local and regional geography, all of which can affect oceanic and atmospheric flow patterns.
Common Core Standards
CCSS.ELA-Literacy.RST.6-8.1  Cite specific textual evidence to support analysis of science and technical texts.
CCCS.Math.Content.8.F.B.4  Construct a function to model a linear relationship between two quantities. Determine the rate of change and initial value of the function from a description of a relationship or from tow (x,y) values, including reading these from a table or from a graph.  Interpret the rate of change and initial value of a linear function in terms of the situation it models, and in terms of its graph or a table of values.
References:
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