CI‘JIL AlR PATROL
The Official Auxiliary of the Umtad States Alr Force,

Where Imagination Takés FL!GHT' ’4,/

*

j “_‘ =




TEACHER’'SGUIDE

For

AEROSPACE: THE JOURNEY OF FLIGHT

Thisdocument was prepared by Civil Air Patrol.



Contents

Preface
National Standards

Part One: TheRich History of Air Power

Chapter 1 — Introduction to Air Power

Chapter 2 — The Adolescence of Air Power: 1904-1919
Chapter 3 — The Golden Age: 1919-1939

Chapter 4 — Air Power Goesto War

Chapter 5— Aviation: From the Cold War to Desert Storm
Chapter 6 — Advancesin Aeronautics

Part Two: Principlesof Flight and Navigation
Chapter 7 — Basic Aeronautics and Aerodynamics
Chapter 8 — Aircraft in Motion

Chapter 9 — Hight Navigation

Part Three: The Aerospace Community

Chapter 10 — The Airport

Chapter 11 — Air Carriers

Chapter 12 — Generd Aviaion

Chapter 13 — Business and Commercid Avidion
Chapter 14 — Military Aircraft

Chapter 15 — Helicopters, STOL, VTOL and UAVs
Chapter 16 — Aerospace Organizations

Chapter 17 — Aerospace Careers and Traning

Part Four: Air Environment
Chapter 18 — The Atmosphere
Chapter 19 — Wesether Elements
Chapter 20 — Aviation Westher

Part Five: Rockets

Chapter 21 — Rocket Fundamentals
Chapter 22 — Chemica Propulsion
Chapter 23 — Orbits and Trgjectories

Part Six: Space

Chapter 24 — Space Environment

Chapter 25 — Our Solar System

Chapter 26 — Unmanned Space Exploration
Chapter 27 — Manned Spacecraft

10
15
21
27
35
45

48
52
58

63
65
68
71
75
79
83
87

91
97
101

105
109
112

117
122
128
134



Multiple Choice Sample Test Bank

Part One: TheRich History of Air Power

Chapter 1 — Introduction to Air Power 13
Chapter 2 — The Adolescence of Air Power: 1904-1919 18
Chapter 3 — The Golden Age: 1919-1939 25
Chapter 4 — Air Power Goesto War 32
Chapter 5— Aviation: From the Cold War to Desert Storm 43
Chapter 6 — Advances in Aeronautics 47
Part Two: Principlesof Flight and Navigation

Chapter 7 — Basic Aeronautics and Aerodynamics 50
Chapter 8 — Aircraft in Motion 56
Chapter 9 — Hight Navigetion 61
Part Three: The Aerospace Community

Chapter 10 — The Airport 64
Chapter 11 — Air Carriers 67
Chapter 12 — Generd Aviation 69
Chapter 13 — Busness and Commercid Aviation 73
Chapter 14 — Military Aircraft 78
Chapter 15 — Hdicopters, STOL, VTOL and UAVs 81
Chapter 16 — Aerospace Organizations 85
Chapter 17 — Aerospace Careers and Training 89
Part Four: Air Environment

Chapter 18 — The Atmosphere 95
Chapter 19 — Wesather Elements 99
Chapter 20 — Aviation Westher 103
Part Five: Rockets

Chapter 21 — Rocket Fundamentals 107
Chapter 22 — Chemicd Propulson 111
Chapter 23 — Orbits and Trgectories 115
Part Six: Space

Chapter 24 — Space Environment 120
Chapter 25 — Our Solar System 126
Chapter 26 — Unmanned Space Exploration 132

Chapter 27 — Manned Spacecraft 137



Preface

This guide was designed to help teachers use Aerospace: The Journey of Flightin
their classrooms. It consists of detailed lesson plans for each chapter. The lesson plans
include presentation steps, maor points and supporting information. Each chapter also
includes severd objectives with descriptive verbs that should be easly verifiable and
measurable.

Additiondly, this guide contains a sample test for each chapter. The sample tests
present multiple choice and true/fase questions that could be used on atest. The sample
tests are located at the end of each chapter.

Findly, this teacher’ s guide includes nationa standards. These are academic content
standards that describe what every student should know and be able to do in the core
academic areas (e.g., mathematics, stience, English language arts, and socid sudies).
These standards are criteriafor judging quality and are important resources for providing
aframework for curriculum design aswell as criteriafor school accountability.
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solving.
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Chapter 1

| ntroduction to Air Power (pages2-21)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- Describe what makes air power unique.

- Define air and space power.

- Recognize the various legends of flight.

- I dentify the Chinese invention that solved one of the mgor problems of air power.
- | dentify the contributions the Chinese made to advance air and space power.

- | dentify the sgnificant contributions that advanced air and space power.

- Recall theindividud scientists and researchers and their experiments.

Presentation

Attention: Air power hasadidtinctively rich history. It isfascinating to study the early
pioneers and how their imaginaions took flight. How did it al begin? That iswhat we
want to talk about in this next hour.

Motivation: Going back to the beginning is so important because it gives usthe
opportunity to see what these men and women went through to learn and develop this
new concept, air power. What were the circumstances? How did they prevail? Look
around you today. Seems like so many take flying for granted. For instance, look at our
gpace program. Don’t we even take it for granted too? Studying these early pioneers and
what they accomplished should be exciting for dl of us, and help us gppreciate even more
thiswonderful concept cdled flying.

Overview: Thisnext hour we will take alook a some early legends of flight and
discuss the early scientific research involving flight. Then we will get into the early
arplane developments, ending with the Wright Brothers.

Evaluation: Time permitting, ask questions or go over the test your knowledge section.

Assignment: Review key terms and concepts on page 20 and test your knowledge with
the questions.
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L esson Outline

1

Legends about Hight
a Chinese

1) invented the kite

2) invented gunpowder

3) used gunpowder for rockets
4) Wan Hoo

b. Greece and Rome

C.

d.

€.

1) winged children

2) Pegasus, winged horse
Icarus and Daedalus

1) escaped from prison

2) wings made of festhers and wax

3) flew too closeto thesun
Persan King and Alexander the Great

1) Perdan king supposedly had aflying throne

2) Alexander flew in acage drawn by winged griffins
Man couldn’t fly, but he wanted to invent machines that did.

Early and Basic Scientific Research
a LeonardodaVinc — Itdian artist, architect and man of science

o0

1) devoted lifeto myseriesof flying
2) gaveworld descriptions and pictures of flying machines
3) diedin 1519, but his manuscripts were not found and published until 300
years later (could have changed history)
Beginning with late 1500s and through the 1700s, there were many stories, books
and research written about flight.
In 1670, a Jesuit priest, Francesco de Lana wrote about an aeria ship.
In 1709, another Jesuit priest, Laurenco de Gusmao invented the hot-air balloon.
In 1766, English chemist, Henry Cavendish discovered flanmable air (later called
hydrogen).
In 1783, Montgolfier brothers demonstrated a hot-air balloon.
1) They worked with oxygen (Priestly discovered).
2) They thought a new gas was being created by the burning fuel, so they
cdled it Montgolfier gas.
3) Hrdtwo mentofly in alighter-thanair craft rode in a Montgolfier
baloon. They were Pilatre de Rozier and Marquis d’ Arlandes.
4) Frd flight lasted 25 minutes and covered 5 miles.
Between 1783 and 1790, balloons became very popular in Europe
1) In 1785, French baloonist, Jean Pierre Blanchard and his American
passenger, Dr. John Jeffries, flew across the English Channel.
2) In 1793, thefirst American balloon flight occurred in Philade phia
President George Washington and thousands watched.
3) In 1797, Andre-Jacques Garnerin made the first parachute jump from a
balloon.
First use of baloons by the United States military occurred during the Civil War.
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i.  Problem of changing afree baloon into a dirigible would sump people for dmost
one hundred years.
1) In 1852, Henri Giffard built the first (generdly credited) successful
dirigible.
2) 1n 1884, others credited the LaFrance asthe first successful dirigible.
3) Between 1898 and 1907, Santos-Dumont constructed and flew 14 gasoline-
powered, non-rigid airships.
4) 1n 1900, Ferdinand von Zeppelin built and flew the world' s first successful
rigid dirigible, the LZ-1.
3. Deveoping the Airplane
a. Pioneers struggled with — developing lift, sustaining lift and controlling aircraft.
b. George Cayley was the first 19™ century airplane pioneer.

1) He congructed awhirling-arm device and tested types of wings.

2) Hebuilt and flew smdl modd gliders.

3) In 1809, helaid the foundation for modern aeronautics with his published
account of making a surface support a given weight by the application of
power to the resistance of air.

4) Heidentified the forces of lift, drag and thrugt.

5) He built the first successful full-sized, manned glider.

c. John Montgomery built a 440-pound, man-carrying glider with wingslike asea
aull.

1) It carried him 600 feet doft.

2) From 1886-1892, he made thousands of experiments and studied birds,

3) In 1905, he unveiled his new glider to the public. Glider stayed doft for
20 minutes and was a Success.

4) Built five more gliders within the next year. Then in 1906 an Earthquake
(the famous one that destroyed San Francisco) destroyed all of hiswork.

5) Hewas unable to resume hiswork until 1911, and then was killed when a
gust of wind flipped over the glider and threw him out.

d. OttoLilienthd — Fether of Modern Aviation.

1) Hehuilt sngle-winged and two-winged gliders.

2) Between 1891-1896, he made over 2,000 glides; many covered over 700
feet.

3) Hebuilt an engineto link the wingtips.

4) Hebuilt apilot control system.

5) Hewrote abook on aviation and created interest around the world.

e. Octave Chanute read Lilienthd’s works and improved them.

1) Hedesigned gliders but wastoo old to fly them.

2) Heisknown modtly for his careful study of aviation history and collection
and digribution of aviation information.

f. In 1843, W.S. Henson and John Stringfellow received a patent for a man-carrying
powered aircraft. They caled it the Ariel.

1) The Arid was never built but was consdered a masterpiece of
enginesring.

2) In 1848, Stringfdlow built a team-driven modd that did fly.

g Samud Rerpont Langley attempted to add power to aglider.

12



1) In 1903, the Aerodrome was launched by catapult from a barge anchored
in the Potomec River. It fel into the river. The same thing happened on
the next try two months later.

2) Both attempts were widely covered by the press. The government
dropped its support and Langley gave up his project.

h.  The Wright Brothers— Orville and Wilbur

1) Achieved successin controlled, sustained and powered flight.

2) Their gpproach wasto first develop an aircraft that would fly and then
contral it in flight.

3) They deveoped the wing-warping technique.

4) By October 1902, they had over 1,000 successful glider flights and had
solved dl of the mgjor control problems. Now, they needed a suitable
power plant.

5) December 17, 1903, the Flyer flew for 12 seconds and 120 feet.

6) Later that same day, aflight lasted 59 seconds and 852 fedt.

Multiple—Choice and True/False Sample Test

1

Who is credited with inventing gunpowder?
a Ameicans

b. Chinese

c. Japanese

d. Russans

Who was a gresat artist, architect, man of science and conducted the first scientific
expeimentsin thefidd of aviaion?

a JA.C. Charles

b. Francesco deLana

c. LeonardodaVinci

d. Joseph Montgolfier

Thefirg use of baloons by the United States military occurred during
a. theCivil War.
b. the American Revolutionary War.
c. theWar of 1812.
d. WorldWear .

Who built and flew the world' s first successtul rigid dirigible?
a. Jean Pierre Blanchard
b. Henry Cavendish
c. Alberto Santos-Dumont
d. Ferdinand von Zeppdin

13



5. Who has been cdled the “ Father of Modern Aviaion?’
a. Octave Chanute
b. Samud Pierpont Langley
c. Otto Lilienthd
d. Wilbur Wright

6. Which one of the following statements about the Wright brothersis not true?

a. They wanted to first develop an arcraft thet would fly and could be controlled in
flight, and then add a power plant.

b. They fdt they had to get into the air themsalves to further test their wing-warping
technique.

c. Onthar firgt attempt to fly, Wilbur was at the controls. The Flyer became
airborne but stalled and fdll back into the sand. 1t was dightly damaged.

d. On December 17, 1903, the FHyer flew for two minutes and 1200 feet.

7. TIF Thefirs mento fly in alighter-than-air craft rode a Montgolfier balloon into the
ar over Parison November 21, 1783,

8. T/F In 1903, the Aerodrome, built by Samue Fierpont Langley, was launched by
catapult from abarge in the Potomac River. It did not fly and fel into theriver.

9. T/F Thefirgt baloon flight in the United States took place in 1793 with President
George Washington and Benjamin Franklin on board. The balloon ride lasted over one
hour, and both Washington and Franklin landed safely.

10. T/F A dirigibleis defined as a heavier-than-air craft that cannot be steered.

14



Chapter 2

The Adolescence of Air Power: 1904-1919 (pages 22-43)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 45 minutes

Objectives. After completion of this chapter, the student should be able to:
- List dgnificant aviation events occurring between 1904 and 1911.

- Describe the development of new arcraft engines.

- Recall LouisBleriot's aviation contributions.

- Discuss early atempts at verticd flight.

- Discussthe story of the world' sfirst regularly scheduled airline service.

- Discussair power preparations towards World War 1.

- Discussthe military role of the airplane in World Wer 1.

- Describethe use of bomber and fighter aircraft in World War 1.

- ldentify several World War | aces.

- Describe the impact Billy Mitchell had on the development of air power.

Presentation

Attention: This chapter looks at the continued development of air power asit moves
into its adolescence. The years of 1904-1919 mark atime when people were becoming
interested in flying, but they didn’t redize the uses of arplanes.

Motivation: It should beinteresting to look a what was happening in the devel opment
of the airplane in the United States and then compare that to the progress occurring in
Europe.

Overview: So, let’s spend the next hour discussing this continuing development of the
arplane and see how different countries handled this new invention.

Evaluation: Go over the questions at the end of the chapter.

Assignment: Review the key terms and concepts.
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L esson Outline

1. Developmentsin the United States

a

n.
2. Pr
a

b.

oo

In 1904-1905, the Wright brothers continued their experiments and perfected their
arcraft. In October 1905, they flew 38 minutes and covered over 24 miles. The
flight ended only when they ran out of fud.

In 1905, the Wright brothers offered to build an aircraft for the American
government, but the government was afraid of another embarrassment like the
Langley failures. After the government turned downed the Wright brothers three
times, the Wrights gave up trying to sell ther invention to the government.
However, President Theodore Roosevelt directed the Secretary of War to ask the
Wright brothersto test an airplane that could carry a plane, a passenger and fud
for 125 miles. Plusthe plane had to fly at 36 mph.

Orville began building the new plane and Wilbur went to France. Wilbur signed a
$100,000 contract to form a French aircraft building company.

In 1908, Orville Wright had completed 12 successful test flights when tragedy
struck. On the 13" test, Army Lieutenant Thomas Selfridge, a passenger, died
when a propd ler broke and the plane crashed. Orville was serioudy hurt but
recovered. Sdfridge was the first man to lose hislife in apowered arplane.

In 1909, the Army bought its first plane from the Wright brothers for $25,000 plus
a$5,000 bonus for exceeding the speed requirements.

In 1907, Glenn Curtiss became the fastest man on Earth when he set the
motorcycle speed record of 136.3 mph. Then he switched hisinterest to airplanes.
Alsoin 1907, Curtiss and Alexander Graham Bédll founded the Aerid Experiment
Association that designed and built severd arcraft. One of them wasthe firgt
American arcraft equipped with allerons. Another aircraft was the first segplane
to beflownin the US.

In 1908, Curtiss won the Scientific American Trophy in June Bug.

In 1909, Curtiss won the Gordon Bennett Trophy in Golden Flyer.

In 1910, both the Wrights and Curtiss opened flying schools.

Alsoin 1910, former President Theodore Roosevelt became the first president to
fly.

In 1911, William Randolph Hearst offered $50,000 for flying acrossthe USin 30
days. Cabraith Perry Rodgers on board the Vin Fiz Flyer completed the journey
in 49 days and missed the prize money.

In 1911, Harriet Quimby became America sfird licensed femde pilot.

ogress in Europe

In 1904, Robert Esnault-Pdterie built aglider and used allerons to replace the
wing-warping technique.

In 1906, Alberto Santos-Dumont flew the first powered airplane in Europe. Two
weeks later he flew 722 feet and the press reported it in a positive manner. Europe
was excited by the news.

In 1907, Louis Blerait built and flew the world' s first powered monoplane.

In 1909 Bleroit crossed the English Channel. Also in 1909, the firgt internationa

ar meet occurred in Rheims, France. Many speed and endurance records were
broken.

16



e

f.

o}

In 1911, the Short brothers of England were granted patents for the world' s first
multiengine arcraft. It had two engines and three propellers and was cdled the
Triple Twin.

In 1913, Igor Sikorsky built and flew the first four-engine aircraft. It was cdled
the LeGrand.

Laurent and Gustav Seguin developed a lightweight rotary engine cdled the
Gnome. Many World War | arcraft used this engine.

3. Moving Up — Hying Verticd

a

b.
C.

d.

Helicopter — the large propeller on top of a helicopter is made up of a number of
blades. Each of these bladesislike awing. They move through the air causing
lift.

Helicopters are cdled rotary-wing aircraft because of the way the blades rotate.
In 1907, Louis Breguet build and flew thefirst helicopter thet lifted man into the
ar.

In 1909, Emile and Henry Berliner became the firs Americansto build and fly a
helicopter.

4. Commercia Hying— The Beginning

a

b.

In 1914, the firg regularly scheduled airline service using heavier-than-air craft
darted. Thisairlinewas called the St. Petersburg — Tampa Airboat Line.
Theairline flew 22 miles across Tampa Bay and cost $5 and took about 20
minutes.

5. Preparing for War

a
b.

C.
d.
e.

f.
6. Wo
a

b.

By 1912, dl of the mgor modern countries of the world had formed military
flying services
The US military flying service was present in name only. By the end of 1913, the
US Army had 19 aircraft and 29 pilots.
In 1914, Germany had 200 aircraft; Britain and France possessed about 450.
US entered the war in 1917, but didn’t have any combat-worthy arcraft.
Congress promised 263 American squadrons equipped with 22,625 aircraft would
be in action by June 1918. However, when the war ended in November 1918,
there were only 45 American squadrons, and they were dl flying British and
French aircraft.
Not a sngle American-designed combat aircraft saw action in World War 1.
rid Waer |
Military Role of the Airplane
1) Atthe dart of 1914, the average plane speed was 70-80 mph and could fly
no higher than 10,000.
2) When the war ended, the average speed was 140-150 and could fly up to
24,000 feet.
3) Thearplane wasfirgt used in war for observation.
4) Next, it was used as a bomber with the pilot or an observer carrying
bombsin ther laps.
Europein World War |
1) At the beginning of WWI, Germany had 20 large dirigibles and produced
88 more during the war.

17



2) Germany planned to use them as Strategic bombers againgt French and
English cities.

3) They were accurate bombers, but they were aso highly flammable. So
they were mainly flown & night.

4) British fighters were called back from the war in France to help protect the
British citiesfrom the dirigibles.

c. Fghter Devdopment

1) Therewasaclear need for more fighters or pursuit aircraft to drive off the
bombers.

2) In 1915, aFrench pilot, Roland Garros, mounted an automatic rifle on his
arcraft and fired through the propdller.

3) The Germans captured Garros and his plane. Then, they asked a Dutch
arplane designer, Anthony Fokker to improve on this design. Fokker
designed a machine gun that fired through the spinning propeller. This
gave the Germans dmost total control of the air for about a year.

4) By 1916, the dlies captured a German plane and were able to copy the
meachine gun design.

5) InMay 1918, the German designer, Hugo Junkers, built the world’ sfirst
al meta, lon-wing monoplane fighter cdled the Junkers D1. It was too
late to make much of a difference for thiswar, but it was the fighter of the
future,

d. Fighter Aces

1) The French developed the method for recognizing pilots who shot down
enemy arcraft. They used the term “ace” for a pilot who shot down five
enemy arcraft.

2) TheBritish and the Americans used the same criteria

3) The Germans required 10 enemy aircraft downed for ace to be used.

e. TheUnited Statesin World Wer |

1) USentered thewar in 1917.

2) Lafayette Escadrille — American citizens who flew with the French Air
Service before America entered the war.

3) Eddie Rickenbacker was the leading American ace of WWI with 26 kills
in only five months of flying. He was the only living American to receive
the Congressiona Meda of Honor during WWI.

4) Billy Mitchdl — American aviator who got his start in WWI. He later
became the leading enthusiast for aviation, air power and the airplane’s
role as an offensive weapon.

Multiple-Choice and True/False Sample Test

1. Inthe early 1900s the Wright Brothers sgned a contract with the US Army to build an
arplane. While Orville was working in the contract, what was Wilbur doing?

a. Wilbur was working with him on the contract.

b. Wilbur was teaching Presdent Roosavelt how to fly.

c.  Wilbur was back home in Dayton, Ohio working on a more advanced airplane.

d. Wilbur wasin France demondtrating the airplane for European governments.
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2. Thefirst powered dirigible in the United States used a engine.
a Bdl
b. Curtiss
c. Lam
d. Wright

3. Who won the 1908 Scientific American Trophy and the 1909 Gordon Bennett
Trophy?

a. Glenn Curtiss

b. Cabraith Rodgers

c. Harriet Quimby

d. Wilbur Wright

4. In 1911, became America sfirst licensed female pilot.
a. Besse Coleman
b. AmdiaEahat
c. Phoebe Omlie
d. Hariet Quimby

5. Who built the first powered monoplane and aso built 11 planes before getting one that
could cross the English Channdl?

a. LouisBleniot

b. Alberto Santos-Dumont

c. Cdbraith Rodgers

d. Glenn Curtiss

6. Who designed and flew the first 4-engine aircraft?
a. Glenn Curtiss
b. Paul Cornu
c. Alberto Santos- Dumont
d. Igor Skorsky

7. When World War | ended, the speed of aircraft had increasedto ~ to_ mph,
and could operate up to about feet.
a 50, 60 and 10,000
b. 70, 80 and 10,000
c. 100, 120 and 20,000
d. 140, 150 and 24,000
8. Who were the Lafayette Escadrille group?
a. They wereagroup of French men who flew in WWI.
b. They were agroup of Americanswho flew for France in WWI.
c. They were an dite group of the French Foreign Legion.
d. They were agroup of French men and women who led the res stance moverment
in WWI.
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9. T/F Orville Wright was the firs man to lose hislifein a powered airplane.

10. T/F Presdent Theodore Roosevet was the first US President to fly.
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Chapter 3

The Golden Age 1919-1939 (pages 44-75)

Resource: Aerospace. The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- Describe the problems associated with the first attempts to cross the Atlantic Ocean.

- Discuss the successful crossings of the Atlantic Ocean in 1919.

- Recall how the United States cut back on investing in air power after World War 1.

- Describe the impact that barnstorming had on the development of air power.

- Recognize the advantage air power has over ships.

- Describe the military’ s attempt to fly across the American continent.

- Describe the impact that the around-the-world flight had on the development of ar
power.

- | dentify what led the Navy to develop the aircraft carrier.

- Recall the impact the Nationd Air Races had on the development of air power.

- Recall the impact of armail ddlivery on the development of commercid aviaion.

- Discuss the importance of the Air Mail Act of 1925, the Air Commerce Act of 1926, the

Air Mail Act of 1934, and the Air Mail Act of 1938.

- Recognize the importance Charles Lindbergh’s historic flight had on the development
of avil avidion.

- ldentify the achievements of Amdia Earhart.

- Explain the importance of Jmmy Dodlittle s blind takeoff and landing.

- Discuss the contributions Dr. Goddard made to the advancement of air and space
power.

- Discuss the impact of the McNary-Watres Act on the development of commercia
avidion.

- | dentify the standard commercid arliner in 1938.

- ldentify the aircraft that flew across the Atlantic with no fatal accidentsin 1938.

- Discuss the most famous dirigible of dl.

Presentation
Attention: The 20-year period between the end of World War | and the beginning of

World War 11 has been caled the Golden Age of Aviaion. During this period, there were
many exciting and dramétic exploits by daring aviators from many lands. New speed and
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atitude records were set and broken again and again. There were oceans and continents
to cross and everyone wanted to do it faster. The airplane changed from a dow, wood-
framed, fabric-covered biplane to afast, deek, dl-metd monoplane.

Motivation: Thisisacritica period for sudying aviation. Looking at the lessons
learned from WWI, and which countries learned them are important facts that helped
determine the outcome of WWII.

Overview: Let'stakealook at the improvementsin quality and quantity that accompany
this period of time for aviation. Many individua achievements and accomplishments
stand out during these years.

Activities. After the lesson, congder dividing your classinto two or three groups and
ask questions about the reading. See which team can answer the most questions
correctly.

Evaluation: Dividing the class could be your evauation, or you could just ask afew
questions to get afed for how wdl the classis learning the materid and paying atention.

Assignment: Review the terms and concepts on page 73.
L esson Outline

1. Hying the Atlantic

a. Hying the Atlantic was conquered in 1919 by the United States Navy flying three
new Curtiss flying boats.

b. Two weeks later, June 1919, the first nonstop Atlantic crossing took place with a
teamn of two; apair of veterans of the Royd British Air Force.

2. Inveding in Air Power

a. France, Germany, Itdy, England and the United States dl built great aviation
industries by the end of WWI. 177,000 aircraft were in service by the end of the
war. That al changed when the war ended.

b. Within 3 days after the war ended, the United States Government canceled $100
million in airplane contracts. Within 3 months, 175,000 factory workers had been
laid off. Military aviation was cut back by 95 percent. Military arfields were
closed, and pilots and other aviation personnd were unemployed.

c. Aviaioninthe US amog died, except for two groups of people — barnstormers
and Army aviators.

3. Barnstormers

a. Bx-military pilots who flew war-surplus planes. They flew over smdl towns, then

landed on nearby farms, and took people for rides.

b. They put on flying exhibitions and wing-walking demongtrations.

c. Some of the barnstormers were women pilots.

4. Army Air Power Develops

a. Generd Billy Mitchdl was trying to encourage investment in aviation. He thought

the airplane could be used to bomb military and industrid targets.
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C.

d.
e.

Mitchell also advocated the air force as a separate service.

In 1921, Mitchel’s pilots sank the battleship Ostfriedand proving Mitchell was
right.

Mitchdl planned the firgt round-the-world flight. It was completed in 1924,
Als0in 1924, Army Lieutenant Russall Maughan flew coast-to-coast, 2850 miles
in 21 hours and 47 minutes.

5. Nationd Air Races

a

b.

d.

When he noticed that Americans were making a poor showing in the European
races, Ralph Pulitzer offered atrophy to promote high-speed flight.

The first Pulitzer Trophy Race was heldin New York in 1920. By 1924, it had
grown to 10 separate events, and the name was changed to the National Air
Races. 1925 was the last year that the Pulitzer was awarded at the Nationd Air
Races.

In 1930, Charles Thompson established a trophy to encourage faster land-based
arcraft. The Thompson Trophy Race became the feature event at the Nationds.
It was awarded annudly until WWI1 began.

In 1931, the Bendix Trophy Race was added. It was a transcontinental speed race
that began on the west coast and stopped a Cleveland, Ohio.

6. Women's Air Derby

a

b.

In 1929, the Nationa Air Races were opened to women for thefirg time. The
Women's Air Derby was the first cross-country competition for women.

The Women's Air Derby led to the formation of an associaion of women fliers
cdled the “Ninety-Nines’. Amdia Earhart was the first president.

7. Air Mail Speeds Up Dedlivery

PCapoTw

-t

The Pogt Office Department began airmail servicein 1918.

Thefirgt airmail route was between Washington DC and New Y ork City.

In 1919, Chicago was added, and in 1920 San Francisco was added.

Regular armail sarvice did not truly begin until 1924.

The Air Mail Act of 1925 authorized the Post Office Departmert to contract for air
mail sarvice.

The Air Commerce Act of 1926 was the firg attempt to sandardize and regulate
commercid aviation. It provided the first federd safety regulation of aviation for
both pilots and aircraft.

In 1934, the new Air Mail Act changed the economic and safety regulation
arrangement of commercid air transportation. Commercid ar carriers became
responsible to three US Government agencies — 1) the Post Office Department; 2)
the Aeronautics Branch of the Department of Commerce; and 3) the Interstate
Commerce Commission’s Bureau of Air Mail.

In 1938, the Civil Aeronautics Act became law. It combined both economic and
safety regulations into one independent agency caled the Civil Aeronautics
Authority.

8. Pioneers Contribute to the Development of Air Power

a

Charles Lindbergh — first person to cross the Atlantic solo.
1) In1927, hetook off in New York and landed in Paris.
2) Hetook him thirty-three and one-hdf hours.
3) He became aworld hero and a promoter of civil aviation.
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b.

9. Avi
a
b.

C.

h.
10. Co
a

b.

Amdia Earhart — first woman passenger to fly the Atlantic in 1928.
1) In 1932, she wasthe first woman to make atransatlantic solo flight. She
landed in Irdland.
2) It took her twenty hours and 40 minutes.
3) Shedisappeared in the Pacific in 1937 while trying to fly around the world.
ation Grows
In 1920s, smal companies were formed to build private arcraft.
The earliest was the Travel Air Manufacturing Company in 1925 in Wichita,
Kansas. The company was formed by Stearman, Cessna and Beech.
Within the next few years, dl three men broke away from Travel Air and sarted
their own companies.
Piper bought out Taylor Aircraft Company and renamed it Piper Aircraft
Corporétion. Then Taylor started another Taylor Aircraft Company.
In 1915, President Woodrow Wilson formed the Nationad Advisory Committee for
Aeronautics. It directed scientific study of the problems of flight and provided
valuable research in agronautics.
In 1926, Daniel Guggenheim founded the School of Aeronautics a New Y ork
Univergty. It provided many colleges and univergties with money for private
flying dubs.
In 1929, James Doalittle performed the first successful “blind” takeoff and
landing. This paved the way for flight and navigation instruments to be ingtaled
in planes.
During the 1920s and 1930s, helicopters made severa advances too.
mmercia Aviation Matures
Under the McNary-Watres Act, airmail carriers were paid according to the
available cargo space. So, it was an incentive for larger aircraft.
Boeing was flying the 247, and TWA wasflying DC-2s. American was flying the
DC-3, which became the standard commercid airliner by the late 1930s. The
DC-3 carried 24 passengers or 5,000 pounds of cargo a distance of 1,200 miles.

11. Seaplanes Carry the Mall

a

In 1927, Pan American Airways was formed to fly the first armail route between
Key West, FHorida and Havana, Cuba. Pan American built a segplane to handle
this.

The segplane became known as the Pan American Clipper.

Pan American dso had six Boeing 314s, which were called Yankee Clippers. In
the 6 2 years they were flown, they made 596 Atlantic crossngs and carried
42,042 passengers atota of 4,238,867 miles without afatal accident.

12. What About the Dirigibles?

a

b.

Between WWI and WWII rigid airships rose to their pesk in popularity and then
completely disgppear from the field of aviation.

The Treaty of Versalles, a the end of WWI, dlowed the Germansto build
Zeppdlins again and they built three—the LZ-127 Graf Zeppelin, LZ-129
Hindenburg and the LZ-130 Graf Zeppelin 11.

These three Zeppdlins were very successful, but the Hindenburg is best
remembered for its crash, which caused the firg fatdities in the history of
scheduled airship operations.
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d. The United States aso had problems with airships and had two large crashes.
13. Military Air Power Developments During the Interwar Y ears
a. Boeing developed the Boeing 299. Army designated it the X1B-17.
b. The Army ordered over 50 of the X1B-17. Thiswastherr firg long-range
bomber.
14. The Possibility of War
a. InJanuary 1939, the President of US caled for abuildup of our exiging military
forces.
b. Army turned to civilian flying schools to train pilots and maintenance personnel.
c. Generd Hgp Arnold came up with the idea of civilianoperated, Army-
supervised flight schools.
d. Another source for pilots was the Civilian Rilot Training Program. One of these
schools gave us the famous Tuskegee Airmen.

Multiple-Choice and True/False Sample Test

1. Within afew months of the end of WWI, which one of the following did not happen?
US government canceled $100 million in airplane contracts.

Aircraft production dropped 85 % and 175,000 factory workers were laid off.
Military aviation was cut back by 95 %.

The “barnstormers’ contributed to the declinein aviation after the war.

op oo

2. Which one of the following satementsis not true about Generd Billy Mitchell?

a. Generd Mitchell wasavoca advocate for aseparate air service, but equal to the
Army and Navy.

b. After WWI, Generd Mitchdl believed that nava power would decide the winner
of any future world wars.

c. Generd Mitchdl believed that the airplane could be used to bomb military and
indudtrid targetsingde an enemy’ s homeland.

d. Genera Mitchel believed that ar power could fly over the battlefidd, attack the
enemy’ s supplies, thus shorten the war and save lives.

3. In 1924, the US Army performed the first round-the-world flight using four arcraft.
What were the names of the aircraft?

Boston, Chicago Sesttle and New Orleans

Arkansas, Ohio, Nevada and Utah

Dickey, Gehrig, Ruth and Wagner

Dooalittle, Lindbergh, Mitchell and Rickenbacker

o0 oW

4. In 1931, the Bendix Trophy Race was added to the Nationd Air Races. Which of the
following statements best describes the Bendix Trophy Race?

a. It wasatranscontinenta race flown from the west coast to Cleveland, Ohio.

b. It wasafour-lap race around a 29-mile course.

c. Itwasan intercontinenta race flown from Paristo New Y ork City.

d. Itwasaninternationa race flown from London to Paris.
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5. Thefirg ar mail route in the United States was between
a. New York City and Chicago.
b. New York City and Washington DC.
c. Chicago and Cleveland.
d. Chicago and San Francisco.

6. Who wasthe first person to fly across the Atlantic Ocean solo?
AmdiaEarhart

Besse Coleman

Charles Lindbergh

Billy Mitchell

oo oo

7. In 1915, President Woodrow Wilson formed an organization whose purpose was to
supervise and direct the scientific study of the problems of flight, with aview of their
practica solutions. What was the name of this organization?

a. Nationa Aeronautical Association (NAA)

b. Nationa Advisory Committee for Aeronautics (NACA)

c. Nationd Civil Aeronautics Authority (NCAA)

d. Civil Aeronautics Adminigration (CAA)

8. T/F Phoebe Fairgrave Omlie was the first licensed black femae pilot.

9. T/F The Women's Air Derby led to the formation of an association of women fliers
called the “Ninety-Nines'.

10. T/F The Tuskegee Airmen were agroup of Africanr American pilots who flew in
WWII.
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Chapter 4

Air Power Goesto War (pages 76-111)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 90 minutes

Objectives. After completion of this chapter, the student should be able to:

- Discuss German, Japanese and Italian air power preparations for World War 11.

- Discuss US and British air power preparations for World War 11.

- Recognize the German combined arms approach to warfare.

- Recognize the impact technology had on the Battle of Britain.

- Describe the lessons learned from the outcome of the Baitle of Britain.

- Describe how the Germans used air power when they opened up a second front against
the Russans.

- I dentify the only country usng women to fly combat sortiesin 1941.

- Discuss why the Japanese plan for the attack on Pearl Harbor attacked American air
power fird.

- Discuss the impeact the North African ar campaign had on military air power.

- | dentify the theories of the early air power theorigts.

- Describe the early Royd Air force bombing experience before the start of the
Combined bombing Offensive.

- Describe the effectiveness of the Army Air Corps bombing strategy at the beginning of
World Wer 1I.

- Discuss what changesin strategy and tactics led to the Allies gaining air superiority
over Europe.

- Discuss the impact air superiority had on the European campaign.

- | dentify thefirst objective planned for by the Japanese during their advance through the
Pecific.

- Describe how Allied air power stopped the Japanese advance.

- | dentify the reasons the Japanese-held idands located in the southwest Pacific had to be
captured by the Allies.

- | dentify the most destructive air raid in higtory.

- Identify why the atom bomb was used againgt Japan.

- Discuss ar power’srolein war.

- Discuss the lessons learned in the European Air Campaign.

- Discuss the lessons learned in the Pecific Air Campaign.
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Presentation

Attention: World War 11 has been cdled the “Air War” because for the United Statesiit
began with the Japanese air attack on Pearl Harbor and ended with the US aeria bombing
of Japan. During thisfive-year period, the airplane developed faster than at any other
timein higory.

Motivation: Studying World War I from an ar power perspective can really show how
important the airplane is to the overall strategy of a country. Additiondly, knowing how
ar power was used in the past is certainly vita to any future encounters.

Overview: With this chepter, we will take alook at many strategies and results for both
the alies and the axis powers. Thiswill aso point out how close many of these battles
were, and that many times, the results could have gone the other way.

Evaluation: Ask questions during the presentation and at the end.

Assignment: Review the key terms at the end of the chapter, and go back over the
drategies of the important battles. ie. Battle of Britain.

L esson Outline

1. World War Il

a. TheTreaty of Versalles prevented Germany from building military aircraft after
WWI. However, they were dlowed to build civilian arcraft, which they did.

b. Thisishow they built their air force for WWII. By 1935, the Luftwaffe, the
German Air Force, was officidly formed.

c. Mussolini had built Italy’ s Air Forcetoo. So, the Itdlians were ready for WWII.

d. The Japanese had two air forces, the Army Air Force and the Navy, both were
ready.

2. Allied Preparedness

a. Attheend of WWI, England, France and the United States had the most powerful
ar forcesin theworld. However, they dl cut back after thewar. So, while we
were cutting back, the axis powers were expanding.

b. When England saw Germany rebuilding her air power, England changed its
drategy from an offensve one to a defensive posture (from bombers to smaler
fighter aircraft). Their priority wasto protect the homeland and hold off
Germany.

c. France spent its money on a ground defense.

d. The USwasdmost completely disarmed. The US didn't start making grest
grides with airplane building until 1940-1941.

3. A New Type of War

a.  Germany — Blitzkrieg (lightning war). Blitzkrieg was aso known as a combined
arms operations.

b. Thisstrategy combined planes and tanks and moved fast, capturing land or
personnd quickly.
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c. The Messerschmitt 109 was the backbone fighter of the German Air Force.

4. War!

a. Germany marched into and occupied Austria and Czechodovakiain 1938 and
1939. Hitler invaded Poland in September 1940. Using its new Blitzkrieg
srategy, Germany defeated Poland in 20 days.

b. When Germany invaded Poland, Britain and France declared war on the Axis
Powers.

5. Germany Takes Europe

a. Germany parachuted airborne infantry into Norway and Denmark and captured
them. That only left the Netherlands, Belgium and France free of German
occupation.

b. Germany went through the Netherlands and Belgium, and then France. With no
air force to stop them, France was defeated in Six weeks.

6. Battle of Britain
a. After thevictory in France, Hitler waited before invading Britain. He wanted the
Luftwaffe to defeat the Roya Air Force (RAF) fird.

b. The problem wasthat the L uftwaffe was not designed to be along-range bombing
force.

c. TheRAF put up aheroic defense. The Luftwaffe was losing many more planes
than the RAF.

7. War on Two Fronts

a. Whilethe Béttle of Britain was going on 0 were battles in the Mediterranean and
Northern Africa

b. Germany occupied dl of south and southeastern Europe.

8. The Russan Front

a. Germany was convinced Russawould fal very quickly. However, Russathrew
everything they had at the Germans and stopped their advance.

b. Germany was spread too thin, with battlesin Britain, Eastern Europe, the
Mediterranean and North Africa

c. Hitler backed off Britain to concentrate on Russia, but the Russian front was
settling into along land struggle.

9. The United States Enters the War

a. Britain, Russaand the US agreed that defeating Germany was the number one
priority for the dlies

b. Japan would just be contained until Germany was defeated.

10. Japanese Territorid Strategy
a.  Japan needed to expand her territory to gain raw materials to become an
indudtrid netion.
b. After Jgpan moved into Manchuriaand Chinaiin 1939, the US and Britain
embargoed al trade with Japan.
c. Rather than give up on expanson, Japan chose to fight.
11. Pearl Harbor
a. December 7, 1941 Japan attacked Pearl Harbor, Hawaii.
b. The primary purpose wasto cripple the American fleet a Pearl Harbor.
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C.

The attack was a complete surprise and the losses were staggering. The US
auffered heavy losses in ships, airplanes and personnd.

12. US Air Power SpinsUp

a
b.

C.

The contract schools increased their production of pilots.

The Civilian Pilot Training Program became the CAA War Training Service,
Over 300,000 pilots were trained by 1944.

In 1942, the Women's Auxiliary Ferrying Squadron was established. These
femde pilotsferried arcraft to various locations.

13. European Campaign

a

b.

Grand drategy once US entered the war was to switch from defense to offense;
recapture territory occupied by Germany; and findly force Germany and Japan
into unconditiona surrender.

USair power would be used for supporting ground troops and conducting long-
range bombing.

14. Learning in North Africa

a
b.

C.

The Germans continualy won the early battlesin North Africa

The dlies went to a centrdized control of arcraft, which alowed more planesto
cometo the aid of an attacked army. Thisworked red well.

By 1943, the Allies had gained air superiority in North Africaand won the
ground war too. The Axis forces were defeated in Africa.

15. Developing a Strategy (for air power)

a

b.

C.

d.

e

16. The

opoTo

e.
f.

17. The
a

b.

Douhet said to gain air supremacy with amassve firg strike; a surpise attack on
the enemy’ s aircraft.
Trenchard believed the proper force mix was two-thirds bomber aircraft and one-
third fighter. He disagreed with Douhet on what targetsto hit. Trenchard
thought air power should knock out vital centers, like factories.

Mitchell thought air power should take the war to the enemy’s cities. He thought
20% should be bombers, 20% attack aircraft and 60% fighter aircraft.
Chennault did not believe that the bomber could get through, however Chennault
was ignored.

US deve oped an unescorted high dtitude, daylight, precision bombing, while the
British bombed & night.

Combined Bomber Offensive

In the beginning, first priority targets were submarine factories, docks and ports.
Second priority targets were aircraft factories and munitions plants.

Third priority targets were communications and trangportation systems.

By late summer of 1943, the American bombers were getting chewed up by the
Luftwaffe. The US decided to drop the unescorted, high-dtitude, daylight,
precison bombing.

P-51 Mustangs began escorting the bombers and chased enemy fighters, too.
This new strategy worked well.

Normandy Invasion

On June 6, 1944, the Allies landed in Normandy, France starting the invason of
Europe.

For two months before the invason, US and British planes bombed within 130-
mile radius of the beaches. This gave the Allies air superiority for theinvason.
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18. The Pacific Campaign
a.  Japanese/Allied Strength

1) Militarily, Japan was stronger than Britain or the US. Britain wastotdly
occupied with Germany, S0 they couldn’t help in the Pecific.

2) Japan had 2,400,000 well-trained men and 3,000,000 reserves. They had
7,500 aircraft and were making 400 more every month.

3) AlliesintheFar East consisted of 550,000 poorly equipped Army troops,
1,000 obsolete aircraft and 90 ships.

b. Air Power Stops the Japanese Advance

1) Alliesfindly stopped the Japanese advance by summer of 1942. Two air
battles were critical to that stop.

2) Battle of Cord Seaand the Battle of Midway were naval battles but were
fought entirdy by arcraft.

3) Japaneselost over 100 of their best pilots, and thisredly hurt their war
effort.

c. Onthe Offensve: Idand Hopping Through the Southwest Pecific

1) War in Padific involved fighting over several hundred separate idands
scattered over millions of square miles.

2) Asidandswere conquered, the US would build arfields and then use
them to support flying and refueling missons.

3) If the Allies could control the idands they could begin strategic bombing
of the Japaneseidands.

d. TheHexibility of Air Power

1) Gen. MacArthur was in charge of the idand-hopping campaign. He had
two gods: retain control of the Philippines and capture the idands
necessary to launch abombing campaign againgt Japan.

2) The Pacific Campaign was a second priority behind the European
Campaign, and MacArthur felt the eements of his command were
inadequate.

3) Theair forces werein bad shape. There were only 150 American planes
and 70 Audrdian aircraft that worked. Replacements and supplies were
aproblem and morae was low.

4) Magor Generd Kenney was MacArthur's air commander. He used a
different strategy for the Pecific theater. He bombed from low dtitudes
and attached parachutes to the bombs so the airplane had time to get out
of theway. He aso had the bombsfilled with white phosphorus, which
caused streams of fire to shoot out from the bombs.

5) Kenney’stechniques and the cutting off of Japanese supplies contributed
to the Allies victoriesin the Pacific.

e. The Bombing of Japan

1) Thefirgt bombing of Japan took placein April 1942. It was highly
successful.  Jgpan no longer fdt safe from Allied attack.

2) Thenext bombing occurred in June 1944. This Sarted the actud air
campaign againg the Japanese homdand.

3) The US had gone back to high-dtitude, unescorted, daylight precison
bombing and it didn’t work.
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4) The USthen began low leve a night bombing. Thiswas much more
successful.

5) Japan'sindudtries were scattered within cities, so this caused many
cavilian casudties. In March 1945, the US bombed Tokyo. More than
83,000 people were killed and over 100,000 were injured.

6) The Japanese fighters were not very successful a night. So, not very
many US bombers were logt. This new strategy worked.

f.  Atom Bomb Forces Surrender

1) InJuly 1945, there were till over 4 million Japanese soldiers fighting.
President Truman feared that hand-to-hand combat would cost hundreds
of thousands of lives for both the Japanese and the Americans.

2) S0, he authorized use of the “ultimate wegpon” to save lives. On July 27,
1945, Japan was warned to surrender or face complete destruction. Japan
responded through the Soviet Union, but the Soviet Union did not relay
the message. So, the US dropped the atomic bombs.

3) On August 6, 1945, the B-29, Enola Gay dropped an atom bomb on
Hiroshima. On August 9, 1945, the US dropped an atom bomb on
Nagasaki. The next day Japan communicated by radio that they were
willing to surrender.

4) On September 2, 1945, Japan officidly surrendered.

0. LessonsLearned

1) Theflexibility of air power and the importance of it were prominently
displayed during WWII.

2) WWII taught the futility of war in modern society. Twenty million
people were killed and at least sSixty million were injured or permanently
disabled.

Multiple-Choice Sample Test

1. Attheend of World War |, the Allied Nations (England, France and the United States)
had the most powerful air forcesin the world. What did each country do with these air
forces after the war?

a Each country retained approximately the same amount of planes.

b. Each country increased their air forces substantively.

c. Each country decreased their air forces and weakened them.

d. England and France cut back on theirs, but the US increased theirs dramatically.

2. Which of the following best describes Blitzkrieg?
a It wasthe name the British gave for the German bombing of London.
b. It was the combined arms operations strategy that Germany used in WWII.
c. It wasthe lightning response Poland gave to the German invasion.
d. It wasthe US drategy againgt Germany in WWII.
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3. Which of the following statements is true concerning the Béttle of Britain?
a The German Luftwaffe was designed to be along-range bombing force.
b. The Luftwaffe' s short- and medium-range aircraft could takeoff from France, fly
to England, fight the British RAF and dtrike their targets without refuding.
c. During the Battle of Britain, the RAF s Bomber Command stood idly by waiting
for amisson.
d. The RAF had the right aircraft for this battle, but the Luftwaffe did not.

4. By 1941, who was the only magor power of WWII to use women pilots in combat?
a England
b. Germany
c. Russa
d. United States

5. What was the primary purpose for the Japanese attack on Pearl Harbor?
a. to cripple the American fleet at Pearl Harbor
b. to convince the Americans not to enter WWII
c. tocontrol dl of theidands in the Pacific Theater
d. to adhere to Hitler's request of Japan

6. Once the US entered WWII, al of the following were part of the overal dlied
drategy except which of these?
a The drategy switched from defense to offense.
b. The drategy called for the recapture of territory occupied by Germany.
c. The drategy was to force Germany and then Japan to unconditionally surrender.
d. The grategy switched from a European focus to a Pacific focus.

7. Which one of the following people did not believe in unescorted high atitude,
daylight, precison bombing?

a. Clare Chennault

b. Giulio Douhet

c. Billy Mitchdl

d. Hugh Trenchard

8. What is significant about the Battles of the Cora Sea and Midway?
a The Japanese won both of these baitles with superior ar power.
b. Both battles were fought entirely by arcraft without the surface ships seeing eech
other.
c. Both battles were decided by the superior American submarine fleet.
d. The battleship regained its predominance as the primary US nava weapon.
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9. Inwhich battle did the Japanese |ose over 100 of their best pilots and served as akey
to defeating Japan?

a. Baittle of the Cora Sea

b. Batle of lwo Jma

c. Battle of Midway

d. Battle of Tarawva

10. On August 6, 1945, what happened that devastated the Japanese and hastened the end
of WWII?

a. The Soviet Union declared war on Japan.

b. The US troops captured Iwo Jma and the Marianas Idands.

c. USaircraft bombed Tokyo with incendiary bombs.

d. A USB-29 dropped an atom bomb on Hiroshima.



Chapter 5

Aviation: From the Cold War to Desert Storm
(pages 112-158)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 100 minutes

Objectives. After completion of this chapter, the student should be able to:

- Discuss the palitical Stuation at the end of World War 11.

- Define the*Cold War™”.

- I dentify why the United States reduced its military forces after World War 11.

- | dentify the date the United States Air Force was formed.

- Discuss thefirgt primary misson of the United States Air Force.

- | dentify saverd aviation advances that were made during World Wer I1.

- | dentify the so-caled German “vengeance” wegpons that were used to terrorize Europe.
- Discuss the use of helicopters during World War I1.

- Discuss air power’ srolein kegping Berlin from becoming a part of East Germany.
- Discuss how ready the United States air power was for awar in Korea

- Discuss air power’ s role in stopping the North Korean army outside of Pusan.

- | dentify the reason American fighter pilots were able to defeat the MiG-15.

- Discuss air power’ s lessons learned from the Korean War.

- | dentify why the DC-4 was initidly one of the most popular commercid airliners after
WWII.

- | dentify thefirg “pure’ jet commercid airliner.

- | dentify the “big threg” in generd aviation manufacturing.

- | dentify the problems encountered when attempting to break the sound barrier.

- Define Mach 3.

- Discuss the advantages of variable swept-back wings.

- Discuss the potentid impact new missile technology had on aircrews.

- I dentify the primary reason the B-52 bomber was built.

- Discuss the impact televison had on the Vietnam War.

- Discuss the results of the Tet Offensive.

Looking a the Thanh Hoa Bridge example:

- Discuss the impact technology has on air power.

- Discuss the difference in how air power was gpplied during Operation Rolling Thunder
and Operation Linebacker.

- I dentify aircraft built specificaly for Strategic air command during the Cold War.

- Discuss Strategic Air Command' s mission during the Cold War.
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- I dentify the contribution the Civil Reserve Air Fleet made to Operation Desert Shidld.

- ldentify the “key” ar power capability that alows US ar power to be a*“globa sriking
force’.

- | dentify severd of the lessons learned from previous air wars that were used to help
develop the Desert Storm air campaign plan.

- Discuss why Irag’s command and control was attacked first during the war.

- Discuss air power’s contribution to the defeet of Irag’s counterattack into Saudi Arabia.
- Discuss ar power’ s contribution to the “100 Hour War™.

- Discuss the impact new technology had on the “War in the Desert”.

Presentation

Attention: After WWII, America s main concern, militarily and politicaly, was the
Soviet Union (Russid). America and Russiawere the two super powers, yet their
worldviews weren't dways in agreement. In fact, many times America and Russa had
quite different views on politica matters around the world. Thistime period is known as
the Cold War, and we want to take alook at that today. What doesit redly mean? What
trangpired during this period of time?

Motivation: Thiswas an important period of time in the world. Would there be aWorld
War 111? That was on the minds of many people in the 1950s, 1960s and 1970s.

Overview: Let'slook at thisperiod of timein higory, and then moveinto the Korean
War, the Vietnam War and even the Desert Storm conflict.

Assignment: Using the terms and concepts in the back of the chapter, go back over these
conflictsand wars. Thereisalot of materia in this chapter. Also review the objectives
and seeif you undergtand them and can answer them.

Evaluation: Since thislesson should take a couple of classes, it would be a good place
for apop quiz. Another option might be to assign students to make a presentation on
some aspect of this chapter. Y ou could dso divide into teams and conduct a quiz bowl.

L esson Outline

1. Seiting the Stage: The Political Stuation
a. Cold War
1) Between US and Soviet Union
2) Didn't share same idess about freedom, economics and government.
3) Soviet Union wanted to increase its influence in the world.
4) USwanted to prevent the spread of communism.
5) USand Soviet Union had an antagonistic relationship. They both wanted
to influence the world, but they didn’t want to go to war.
b. Cold War shagped many of the world' s developments including aviation.
2. Military Developments
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a. After WWII, US military went from over 2 million to less than 900,000. A year
later, the military was cut to 300,000.
b. USwas certain, with the monopoly of the atomic bomb, no one would dare attack.
c. A Separate Air Force: Designed to Defend the Nation
1) InJuly 1947 with the Nationa Security Act, the Air Force became a
separate branch of the military.
2) The Air Force s primary mission was deterrence.
d. Wartime Advances
1) Airplanesimproved in desgn, instrumentation, navigation, and engines.
2) Bombersgrew in size, speed and bomb load capacity.
3) B-29 wasthefirg to have pressurized crew compartments.
e. Jet Propulsion

1) Frank Whittle designed the first turbojet enginein 1937, but England
didn't fly her fird jet aircraft until 1941.

2) Germany flew thefirg jet aircraft in 1939.

3) USflew itsfirg jet in 1942 but didn’'t produce a jet fighter until 1944, the
Lockheed F-40, Shooting Star.

4) Before the end of the war, Germany had produced 22 different models of
jet arcraft. The most famous jet of WWII was the Messerschmitt ME-
262A. Fourteen hundred of them were produced during the war, but only
100 were ever used as fighters. A couple hundred more were used as
tacticd fighter-bombers.  Germany could have changed the war if she
would have used more of these.

f.  “Vengeance’ weapons

1) Germany developed two, the V-1and the V-2.

2) TheV-1was 26 feet long and weighed 3,000 pounds and carried 1,800
pounds of high explosives. It was cdled the buzz bomb. It was noisy and
not very accurate.

3) TheV-2was arocket-propdled baligic missle.

0. Helicopters

1) TheSkorsky R-4 was the firgt successful military helicopter. About 400
were used in Europe, the Pacific and in the US.

2) InApril 1944, the R-4 was used to rescue a downed pilot behind enemy
linesfor thefirg time.

3. The Cold War Heats Up
a. TheBelin Airlift

1) Attheend of WWII, Berlin was divided into four sectors, each one
controlled by one of the Allied Nations (US, Britain, France and the Soviet
Union).

2) Germany was divided into two parts — West Germany was controlled by
the US, Britain and France; and East Germany was controlled by the
Soviet Union.

3) Soviet Union blocked supplies going into Berlin. The Soviets wanted to
take over control of Berlin.

4) The Allies answer to the blockade was the Berlin Airlift.
5) Airlift grew to 12,940 tons ddivered by 1,398 flightsin one day.
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6)

The arlift went on for ayear before Russaredized she couldn't blockade
Berlin. So, the blockade was lifted. The airlift was a success.

b. The Korean War

1
2)
3)
4)
5)

6)
7)

8)

9)

In June 1950, North Korea, an dly of the Soviet Union, invaded South
Korea.

After WWII, Korea had been divided into two parts— North Korea
became an dly of the Soviet Union and aso became a communist country;
South Korea became an dly of the US and became arepublic.

United Nations resolved to provide ass stance to South Korea.

Generd MacArthur became the commander of the US forces and the UN
forces.

The ar battles were al-jet battles. The Russan MiG-15 was allittle better
than the US F-86, but American pilots were better trained than the enemy.
Nine MiGswere shot down for every one US aircraft.

UN troops eventually advanced to the 38" pardlld, which wasthe original
border between North and South Korea

In July 1953, a cease-fire treaty was Signed. Neither Sde was the outright
victor, but the original objectives of the UN were accomplished.

Lessons learned

a) US aomic arsend done was not enough to prevent involvement in war.
b) US was not prepared for the Korean War.

¢) Military leaders had forgotten the lessons learned during the North
African Air Campaign during WWII.

4. Aviaion Continues to Develop: An Ongoing Process
a. Civil Avigion Developments

1

2)

Because of WWII, millions of people were exposed to aviation and loved
it.
Many veterans publicized the merits of aviation.

b. Commercd Airlines
1) Remarkable developments in aircraft design occurred during the war.

a) better ingrumentation, navigation
b) increased safety
c) radar was developed

2) More pilots were available and they were better.
3) New and better planes were devel oped.

a) DouglasDC-4
b) Lockheed Constellation

c. Commercid Airlines Adopt Jet Engines

1)
2)

3)
4)

5)

Fird jet arliners were British

There were two types of propulsion, turboprop and pure jet; both used jet
turbine engine.

World sfirst jet turboprop airliner was the Vickers Viscount.

DeHavilland Comet | wasthe world' sfirgt purejet airliner. The Comet
revolutionized commercid travel because it flew at 500 mph and at higher
altitudes (25,000 — 30,000 feet).

In 1945, about 3 million passengers flew commercidly in America
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6)
7)

By 1950, about 17 million did.
By 1958, when commercid jets were introduced, 30 million passengers
flew.

d. Genad Aviaion

1)
2)

3)
4)

5)

Also fared wdll after WWII.

Thousands of American pilots flew in WWII. Thousands more got their
pilot licenses using the Gl Bill.

There was a great demand for generd aviation so Cessna built the C-120
and the C-140.

By the end of the 1950s, Cessna was the number one generd aviation
manufacturer.

Piper and Beech joined Cessnato become the “big threg’ of generd
aviation.

5. Aviaion Research and Development

a. Before and during WWII, most of the research and development was conducted by
the National Advisory Committee on Aeronautics (NACA).

b. The NACA wasjoined by Boeing and L ockheed who also devel oped research
fadilities

c. Airborne Research and Devel opment — planes need to eventudly be flown to test
their capacities.

d. Bresking the Sound Barrier

1)
2)
3)
4)
5)

6)

7)

In 1945, Bdl Aircraft Company was contracted to explore the problems of
high-speed flight. The aircraft, X-1, first flew in January 1946.

There were actudly six X-1s built for test flights.

The X-1 was dropped from an airborne B-29.

In October 1947, Chuck Y eager penetrated the sound barrier. He flew at
670 mph at 42,000 fest.

In November 1953, Scott Crossfield reached Mach 2 (twice the speed of
sound) or more than 1,320 mph.

At the end of WWII, the US captured plans for the German Messerschmitt
P-1101. These designs gave us variable-angle wings. Swept-back wings
produced higher speeds.

In 1953, the F-100 Super Sabre was produced. It wasthe first production
supersonic fighter.

e. Bomber Developments

1)

2)

3)

4)

Presidents Truman and Eisenhower decided that US foreign policy would
be backed by the strength of the atomic bomb. So, the best bombers
needed to be built.

Three prototypes were built: North American XB-45, Convair XB-46 and
Boeing Xs-47. All had straight wings.

Then US created XB-47 with sweptback wings. It became the US Air
Force sfirg al-jet bomber. This plane had only one shortcoming, its
range was only 3,000 miles.

So, Boeing devel oped the B-52. 1t was twice the size of the B-47 and had
arange of 10,000 miles.

f. Smart Bombs Advancesin Guided Missle Research

39



1) After WWII, missile research was aso making progress.

2) One of thefirst developments was adrone; caled the Northrup SMI62
Snark. The Shark had inertia and stellar guidance systems.

6. The Vietnam Conflict
a Phasel —Jduly 1950 — July 1954

1) In 1950, US gave France $15 million to fight the spread of communismin
Vietnam.

2) Presdent Truman established a US Military Assstance Advisor Group
(MAAG). Thisgroup conssted of 342 military advisors.

b. Phasell —July 1954 — August 1964

1) USinvolvement grew from advising to fighting. US was helping the South
Vietnamese.

2) French agreed to pull out of Vietnam. Laos, Cambodiaand Vietnam
became independent countries.

3) Vietnam was divided into two parts, north and south. The divison was
meant to be only temporary, but el ections had occurred because the
communist north and the democratic south were both afraid they would
lose the dection. So, they remained divided.

4) The new government of South Vietnam requested help from the US.
President Eisenhower authorized help to organize, train and equip the
South Vietnamese.

5) By 1961, civil war was occurring and President Kennedy expanded our
commitment. The goa was to help the South Vietnamese military. To do
this Kennedy sent in US Speciad Forces and Air Force T-28 and B-26
arcraft. By February 1962, over 11,000 US forces were in Vietnam and
fighting in combat.

6) By theend of 1963, 17,000 US forces were in Vietnam, but the war was
ill going badly for the South Viethamese.

c. Phaselll — August 1964 — June 1969

1) InAugust 1964, a US destroyer was attacked by North Vietnamese torpedo
boats. President Johnson ordered retdiatory nava air strikes. Congress
passed the Tonkin Gulf Resolution, which gave Johnson the authority to
take al-necessary actionsto repe military actions againgt the US military
and prevent further aggression.

2) In 1964 and early in 1965, the North Vietnamese launched severa attacks.
Johnson cdled on the US Marines to protect American bases, and thus
darted the dow escdation of US involvement.

3) By mid 1965, the war was gill going badly for the US and the South
Vietnamese. Presdent Johnson did not trust his military advisors so he and
the Secretary of Defense ran the Vietnam Conflict. They even picked out
the targets for the air strikes.

4) Operation Rolling Thunder began. It was another gradual escalation of the
war. Johnson picked out targets, but made sure they weren't targets that
might upset the Russians or the Chinese. Johnson was afraid they might
join with the North Vietnamese and make thisaworld war.
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d.

5) Ralling Thunder lasted 3 years. It disrupted and destroyed ammunition
depots, ail storage facilities, power plants and railroad yards, but it didn’t
destroy the North Viethamese swill to ress.

6) Every time Johnson ordered a stop in the bombing, the North Vietnamese
would repair and re-supply themselves.

7) USkept bombing, but the North Vietnamese were hiding and using hit-
and-run tactics and resorting to guerrillawarfare.

8) TheTet Offensve

a  InJanuary 1968, the communists launched alarge-scae surprise
conventiona attack on US and South Vietnamese forces.

b. American ar power won decisively over the North Vietnamese, but the
Tet Offendve was seen every night on American televison news
gations. Johnson had over 500,000 American forcesin Vietnam and the
public didn’t understand what was going on.

Phase IV — June 1969 — April 1975

1) InJanuary 1969, Nixon became president. His plan caled for ending US
involvement. The plan was cdled Vietnamization. The ideawasto turn
the fighting over to the Vietnamese. By the end of 1971, it appeared South
Vietnam might be able to win thewar. The US forces starting leaving.

2) However, the North Vietnamese were building up forces dong the border
between North and South Vietnam.

3) On Good Friday, March 30, 1972 North Vietnam invaded South Vietham
again. President Nixon reacted with B-52 strikes. This operation was
cdled Operation Linebacker and was different from Operation Rolling
Thunder because Nixon let his military advisors pick the targets.
Operation Linebacker was amed a bombing the North Vietnamese until
they came to the negatiating table.

4) By October 1972, US ground forces had withdrawn from Vietnam and
negotiations had begun. However, negotiations did not go well, so Nixon
ordered more bombing — Linebacker I1. Twelve days later everyone was
back at the table negotiating a cease-fire.

5) USused arr power asaforeign policy tool in Vietnam. Initidly, it was
used to raise the morale of the South Vietnamese troops and then to contain
the advances of the communigts. The graduaism policy restricted the use
of ar power.

7. Meanwhile: The Cold War continues

a

By the early 1970s, the Soviet Union was il trying to spread communism and the
USwastrying to contain it.

Both countries had atomic bombs and the world feared awar between them.

Both countries created large defenses to deter the other.

Asthe arms race continued, some andydts feared that the only way to win would
be to use a preemptive first strike. This put emphas's on reconnaissance,
surveillance and command and control.

Also, put emphasis on space power, to monitor with satellites.

Arms race produced better airplanes, missiles, radar and satellites.

End of the Cold War
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1) Ended in 1989 with the fdl of the Berlin Wal and the collgpse of the Soviet
Union.
2) Soviet Union's economy couldn't keep up with the United States.
3) Despite lots of conflicts, atotal world war never occurred.
8. War in the Desert
a. OnAugust 2, 1990, Irag invaded Kuwait in a dispute over oil loans.
b. Iragjswerein complete control by August 4.
c. Irag had the 4™ largest army in the world.
d. Operation Desert Shield
1) United Nations immediately passed Resolution 660 demanding an Iraqg
withdrawa and President Bush ordered an immediate military deployment
to defend Saudi Arabia
2) By August 21%, Americans had F-16s, F-15s, F-4s, F-117s, A-10, E-3Bs,
C-130s, KC-135sand KC-10sin Saudi Arabia.
3) InKuwait, Iragi troops looted and pillaged Kuwait. So, the United Nations
passed Resolution 678 calling for UN Codition Forcesto use al means
necessary if Iragi troops did not withdraw from Kuwait by January 15,
1991.
4) Desart Shidd became the most massve airlift in the history of air power.
5) For thefird timein history, the Civil Reserve Air Heet was activated.
6) By December, only 4 monthsinto Desart Shield, 16 different airfields were
receiving up to 8,000 troops every day.
e. ThePan
1) President Bush st clear objectives: deter further Iragi aggression and
defend Saudi Arabia.
2) UN Resolution 678 — expd Iragi troops from Kuwait.
Air Campaign caled Ingtant Thunder was aimed at knocking out targets
and keeping them ouit.
3) Because of lessons learned from previous wars, the air campaign called for
four phases: (a) target Irag’'s command and control stes and facilities, (b)
target enemy air defenses to ensure unhindered flying over Kuwait, (c) cut
supply lines and target the enemy’ s main troops in Kuwait, (d) conduct
close ar support of friendly troops.
f.  Operation Desert Storm

1) When the January 15 deadline passed and Iragi troops were il in Kuwait,
the war started.

2) On January 17, several UN attackstook place. Air attacks were conducted
on the largest number of separate targetsin the shortest period of timein
the history of war.

3) Mgor damage occurred within the first 10 minutes. Saddam Hussein lost
his ability to communicate. Within the next hour, Iraq logt its integrated air
defense system.

4) UN air superiority had been won within afew hours.

5) Airr attacks switched to enemy tanks, artillery, troops and supplies.

0. lIrag Counterattacks
1) On January 29, Irag launched an attack into Saudi Arabia. Fortunately, the
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Americans were ready. Iraq was moving its troops at night, but didn’t
redlize that the Americans could see them.
2) Without the dement of surprise, the Iragi troops were at a disadvantage.
Iraq actualy invaded at two points but suffered heavy losses at both.
h. The 100-Hour War
1) On February 22, President Bush demanded Iraq withdraw from Kuwait or
be forced out. They refused.
2) UN troops attacked from the west, south and southwest and reached
Kuwait City on February 25",
3) UN casudties were low — 95 killed, 368 wounded and 20 missing during
this100-hour war.
4) Irag'slosses were difficult to assess, but at least 30,000 to 60,000 were
killed, 50,000 were wounded and 60,000 were captured.
i. LessonslLearned
1) Lessons learned from WWII, Korea and Vietnam were not wasted.
2) According to Presdent Bush, “Gulf lesson number one, isthe value of air
power.”

Multiple-Choice and True/False Sample Test

1. Who were the two mgor powers in the Cold War?
The United States and England

The Unites States and The Soviet Union

The Soviet Union and China

The Soviet Union and Poland

o0 oW

2. In 1947, the United States Air Force came into being with the passage of the
Nationa Aeronautica Act.

Army-Air Force Separation Act.

Nationa Security Act.

National Space Act.

cooTo

3. Who designed the world' sfirgt turbojet engine for use in an airplane?
a. Glenn Curtiss
b. Billy Mitchdl
c. Carl Spaatz
d. Frank Whittle
4. After WWII, Germany was divided into East and West Germany. Who controlled
Eagt Germany?
a. Engad
b. France
c. United States
d. Soviet Union
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5. What wasthe US firg priority in the Korean War?
a. bomb North Korea
b. stop the advance of the North Korean troops
c. send American troops to the 38" pardlld
d. attack Chinaand Russafor helping the North Koreans

6. What wasthe world sfirst “pure’ jet arliner?
a. DeHavilland Comet 1
b. Lockheed Constellation
c. DouglasDC-4
d. VickersViscount

7. Who was the first man to penetrate the sound barrier and fly faster than the speed of
sound?

a.  Scott Crossfied

b. Md Apt

c. Kit Murray

d. Chuck Yeager

8. What was the only true strategic bombing campaign of the Vietnam War, which
resulted in the North Vietnamese coming back to the negotiating table?

a. Rdlling Thunder |

b. Rdlling Thunder Il

c. Linebacker |

d. Linebacker I

9. T/F By 1990, Iraq had the fourth largest army in the world.

10. T/F In 1991, when discussing the Desart Storm victory, Presdent Bush said that the
number one lesson from the Gulf was the value of ar power.



Chapter 6

Advancesin Aeronautics (pages159-171)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time 30 minutes

Objectives. After completion of this chapter, the student shoud be able to:
- Discuss the flights of the X-15.

- Discuss the XB-70.

- Discuss the importance of composite materials.

- Discuss solar aircraft.

- Discuss the advancements in military aerospace.

- Discuss the advancementsin civil aviaion and generd aviation.

Presentation

Attention: Through the 1950s and 1960s important research was done in aeronautics
and ggnificant advances were made. From the late 1960s up to today, flight-testing has
been accomplished by operationd aircraft rather than research aircraft.

Motivation: We should take afew minutes and see where some of these improvements
have taken us.

Overview: S0, let's spend the next few minutes looking at the important research of the
last 40 — 50 years.

Evaluation: Ask questions from the back of the chapter. Thiswould be a good place
for adide presentation of the aircraft changes and improvements.

Assignments. Review key terms and read chapter 7. Some time could be spent on
reviewing the first Sx chapters of the book.

L esson Outline
1. Aeronautical Research
a. TheX-15

1) Air Force, Navy and NACA joint project to build an airplane that would fly at
4,500 mph and reach 250,000 feet.
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2) The X-15 was 50 feet long with a 22-foot wingspan. It weighed 33,000
pounds, of which 18,000 pounds was fudl. It was rocket powered and
launched from a B-52.

3) Thefird flight was in September 1959 and reached a speed of 1,400 mph. The
first eight flights were piloted by Scott Crossfield.

4) Theflights continued through 1967 performing over 200 flights. Both goals
were exceeded. It reached a speed of 4,534 mph (Mach 6.72), and reached an
atitude of 314,750 feet.

. XB-70

1) In 1954, the US wanted to build a supersonic replacement for the B-52. The
result was the XB-70.

2) The XB-70 flew at 2,000 mph and reached an atitude of 70,000 feet. Its
initid flight wasin 1964.

3) Congress decided that the Air Force didn’'t need a supersonic bomber and
canceled the program.

. Other Research

1) In the 1970s, fud efficiency and environmental consderations became the

driving forces.

2) Advances in congtruction materials dso overcame problems with weight and
in-flight stresses.

3) Super-gtrong, lightweight, nonmetalic, epoxy graphite composte maerids

were devel oped.

4) Other research was conducted on airfoil design, which produced forward-
swept wings, oblique wings, joined wings, misson-adaptive wings, winglets
and canards.

5) The U-2 and the SR-71 were developed to fly at high atitudes over enemy
territory.

6) The B-2 and the F-117A are sedth arcraft desgned to be invisble to enemy
radar.

. Research and Deveopment and Civil Aviation

1) In 1954, Boeing unveiled the 707, which revolutionized commercia aviation.

The 707 aso became the Air Force's C-135.

2) Shortly thereafter, Douglas introduced the DC-8, which was aso very

successul.

3) In 1963, Boeing introduced the 727, the most successful jet ever built.

4) In 1966, companies entered the jumbo jet field. Boeing announced the 747,
Lockheed, the L-1011, and Douglas, the DC-10.

5) In 1962, British Aircraft Corporation and the Sud-Aviation agreed to build the

supersonic Concorde. 1n 1976, the Concorde began flying from London and
Paris to Washington DC. Theflight takes lessthan 4 hours.

. Generd Aviation

1) From 1958 to 1982, generd aviation in the US grew at afaster rate than
military or commercid aviation.

2) Generdly not true in other parts of the world.

3) In the 1950s, manufacturers began building twin-engine arcraft.
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Multiple-Choice and True/False Sample Test
1. Thetwo X-series arcraft, which were flown during the 1950s and 1960s, were the
a. X-15and XB-70.
b. X-10and X-100
c. XB-1and XF-5
d. X-52and X-2

2. The X-29A was built to demondtrate the capabilities of
a. adaptive-wing arcraft.
b. forward-swept wing arcraft.
c. oblique-winged arcraft.
d. skewed-wing arcraft.

3. Which of the following is a sedth aircraft designed to be invisible to enemy radar?
a B-1
b. B-2
c. B-52
d. X-15

4. Which of the following is a high-atitude reconnai ssance aircraft?
a A-10
b. F-4
c. SR-71
d. XB-70

5. Which jet revolutionized the commercid aviation industry and went on to become the
gandard long-range jet of the 1960s?

a. Boeing 707

b. Boeing 727

c. Boeing 737

d. Boeing 747

6. The Bristol Aeroplane Company and Sud-Aviation together built what aircraft?
a Airbus
b. Caravelle
c. Concorde
d U-2
7. T/F Thefirg twin-engine aircraft was the Beechcraft Twin Bonanza.

8. T/F From 1958 to 1982, generd aviaion inthe US grew at afaster rate than military
or commercia aviation.

9. T/F TheF-117A isadedth arrcraft.

10. T/F Carnards are vertical surfaces behind the main wings of an aircraft.
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Chapter 7

Basic Aeronautics and Aerodynamics (pages 172-189)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives: After completion of this chapter, the student should be able to:
- Explain the difference between Aeronautics and Aerodynamics. Understand the
properties of air that are important to flight.

- Describe why scientists use smplifying assumptions during study.

- Define arfail.

- Recall the parts of an arfoil.

- Describe the concepts of rdlative wind, angle of attack and streamlines.

- Describe Bernoulli”s Principle.

- Give examples of arcraft characteristics that can improve each force.

- Explain how the loss of one force affects the other three forces.

- Describethe red world effects of viscosty and compressible arflow.

- Name two effects wings have on airflow not accounted for by arfoils.

Presentation

Attention: Flying has fascinated peoplefor along time. How in the world does an
arplaneday inthear?

Motivation: This chapter will talk about arfoil desgn and theforces of flight. You
should come away from this chapter with a much better understanding of how planesfly.

Overview: Wewill begin this chapter with a discussion about the properties of air, and
then move into arfoils and forces of flight. Then we will talk about that very important
concept of lift.

Evaluation: Go over questions at the end of the chapter.

Assignment: Review key terms and concepts.
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L esson Outline

1. TheRedm of Hight
a. The composition and properties of air
1) Our atmosphere isamixture of gases, about 79% nitrogen, 21% oxygen and
1% of severd other gases.
2) The atmosphere extends to about 100 miles.
b. Pressure
1) At the top of our atmosphere, there is much less pressure. The pressureis
greatest at the Earth’ s surface. So, pressure decreases with an increasein
dtitude.
2) Standard pressure is 14.7 ps or 29.92 inches.
c. Temperature
1) Temperature isameasure of energy. The hotter the air, the more energy it has
indde, and the faster the molecules move around.
2) Temperature in the atmosphere decreases a arate of 3 %2 degrees Fahrenheit
for every 1,000 feet increase in dtitude.
d. Densty
1) The densty of air means how many molecules are squeezed into agiven
volume. Higher density air is squeezed more tightly than lower dengty air.
2) Because air a higher dtitudes has less pressure, it is dso less dense.
3) Density isds0 reated to temperature. As air is heated, the molecules move
farther gpart, which meansthere is a decrease in dengty.
e. Viscosty
1) Isdefined as afluid' s resstance to flow. Honey is more viscous than water.
2) The greater the dengity of air, the greater the resistance.
3) Viscous drag occurs when an object is placed in the path of moving air.
f.  Laminar flow
1) The flow pattern around a moving object is ether smooth or turbulent.
2) The smooth, and more desirable flow is cdled laminar.
3) Laminar flow is given careful congderation when designing new aircraft.
0. The Speed of Sound in Air
1) Sound wavestravel likeripplesin water.
2) Sound travelsin dl directions.
3) Audtrian physicist Ernst Mach determined the correct mathematica vaue for
the speed of sound.
4) Speed of sound varies with dtitude because temperature decreases with an
increase in height.
5) The X-1 with Chuck Y eager exceeded the speed of sound on October 14, 1947.
2. Airfail — Designsthat Capture the Energy of the Wind
a. Airfal Desgn
1) Leading Edge mesets rlaive wind fird.
2) Camber can be either positive or negative.
3) Trailing Edgeis a the rear of the wing.
4) Chord isanimaginary line that connects the leading with the trailing edge.
5) The Relative Wind is opposite the flight path.
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6) Angle of Attack is the angle between the chord line and the oncoming relative
wind.
3. Who is Danid Bernoulli?
a. Dutch-born physicigt, bornin 1738
b. Discovered ardationship between the pressure and speed of afluid in motion
c. Spedficaly — asthe velocity of afluid increases, the pressure decreases
4. The Forces of Flight
a. Thefour forces are— lift, drag, thrust and weight
b. Taking Hight — thrust balances drag and lift balancesweight. More thrust than
drag makes a plane accelerate, and more lift than weight makes a plane climb.
c. Vectorsareagraphicd mahematicd illustration showing both direction and
magnitude.
d. Lift Overcomes Weight — Lift can be increased by changing the camber, or
curvature, of the airfoil shgpe of thewing. Thisisknown asinduced lift.
e. Weight directly opposes|ift and must be overcome. Light materias are used for
building planes and aweight restriction on cargo is used as well.
f.  Thrust and Drag — The ultimate god isto design a plane that produces alot of
thrust but weighs very little. Drag opposes dl motion through the atmosphere.
5. Red World Lift and Weght
a. Turbulence reduces the efficiency of the airfail.
b. Sdls—whentheair next to awing's surface separates, it flows more dowly and
losesitslift capability.
c. Weght Digribution — where the weight is placed in an airplane has a profound
effect on the plane.
6. Red World Thrust and Drag
a. Thrug Vectoring dlowsfor aplane sthrust to be pointed in a particular direction.
b. Induced Drag is a component of lift that adds to the drag.
7. Supersonic Aerodynamics
a Supersonic Fow — If an airplane travels at supersonic speeds, the air ahead receives
no warning of the airplane s gpproach because the airplaneis out speeding itsown
pressure wave.
c. Wave Drag isthe result of lost energy.

Multiple-Choice and True/False Sample Test

1. When an object is placed in the path of moving air the mutud attraction of the
molecules dows the rate of flow. Thisiscdled

a. dengty drag.

b. laminer flow.

c. camber flow.

d. viscousdrag.
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2. Which one of the following isnot part of an arfoil?

3.

7.
def

8.

a. leading edge
camber

b.
c. chord
d. vector
The angle between the chord line and the oncoming relative wind best defines
a. angleof attack.
b. angleof incidence.
c. angle of descent.
d. camber angle.

Bernoulli’s Principle states that
a. asthevdocity of afluid increases, the pressure increases.
b. astheveocity of afluid increases, the pressure decreases.
c. asthedengty of afluid increases, the pressure increases.
d. asthedengty of afluid decreases, the pressure decreases.

Thefour forces of flight are lift, , thrust and weight.
a. drag

b. gravity

C. pressure

d. volume

Running your hand over a piece of sandpaper would be an example of drag.
a. form

b. friction

C. induced

d. wave

T/F Subtracting the empty weight from an airplane’ s maximum dlowable weght
ines useful load.

T/F Lift canbe increased by changing the camber of the airfoil shape of the wing.

Thistype of lift is called Induced Lift.

9.

T/F The angle between the chord and the centerline of the aircraft is caled the Angle

of Attack.

10. T/F Thetraling edge of an arfoil meets relative wind fird.
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Chapter 8

Aircraft in Motion (pages 190-228)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the sudent should be able to:

- | dentify the basic parts of a conventiond airplane.

- Name the three axes of rotation.

- Describe the locations of the three axes of rotation with regard to a conventiona
arplane.

- | dentify the three different types of fusdlage classfication.

- Explain why box congtruction is better than wire support.

- Describe how the use of duminum and compositesin arcraft congtruction improve
eech force of flight.

- I dentify the purpose of landing gear.

- Describe the three types of landing gear arrangements.

- Describe thetypica functions of aircraft fud systems.

- Describe thetypicd functions of aircraft hydraulic systems.

- Describe thetypica functions of arcraft dectricd systems.

- Describe the earliest aircraft insgrumerts.

- Classify the three mgjor groups of aircraft insruments by their uses.

- Classify the three mgor groups of arcraft instruments by their principles of operation.
- Describe any one new concept in aviation.

Presentation

Attention: Have you ever seen an airplane, inred life or inamovie, dive, rall or climb?
Airplanes can move in any direction. They have freedom of motion. Unlikeacar or a
train that move over the Earth’s surface only, arplanes or spacecraft are three-
dimensond. They have so much more freedom than acar or train.

Motivation: Studying an arcraft in motion and studying how they move on the three
axes of rotation should redlly increase your understanding of flight.

Overview: Inthis chapter, we will discuss the three axes of rotation, flight controls,
flight insruments and engines
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Evaluation: Go over questions at the end of the chapter. Go over the basic airplane
diagram and see if your students can name the different parts of a plane.
Assignment: Review key terms and concepts.

L esson Outline

1. The Axesof an Aircraft

a

b.

C.

Longitudind (roll) axis runs from the tip of the noseto thetip of thetail of the
plane. Rall isthe moation about the longitudina axis.

Laterd (pitch) axis runs from one wingtip to the other wingtip. Fitchisthe
motion about the lateral axis.

Verticd (yaw) axis passes verticaly through the meeting point of the longitudina
and laterd axes. Yaw isthe motion about the vertica axis.

2. Aircraft Structures and Components

a
b.

Engines— two common types are reciprocating and turbine

Aircraft Reciprocating Engines power the conventiona vehicles used for
trangportation, work and pleasure; such as cars, lawn mowers, motorcycles, boats,
tractors and airplanes. Reciprocating means that certain parts move back and forth
in Sraight-line motion. Thisis aso known as internal-combustion engine.

1) Principle of Operation — The cylinder iswhere fud is converted into energy.

2) The Intake Stroke — cycle begins with the piston at top center of the cylinder.

3) Compression Stroke — Asthe crankshaft drives the piston upward in the
cylinder, the fud and ar mixture is compressed.

4) Ignition and Power Stroke — As the compression stroke is completed and just
before the piston reachesiits top position, the compressed mixture isignited by the
spark plug.

5) Exhaust Stroke — On the second upward stroke, the exhaust valve is opened and
the piston forces the burned gases out.

6) Propdler isthe action end of an aircraft's reciprocating engine because it
converts the useful energy into thrust as it spins around and around.

3. Aircraft Turbine Engines

a

b.

Turbine means whirl and refersto any type of whed device tha has vanes
attached to it. There are four basic types — turbojet, turbofan, turboprop and
propfan.

Principle of Operation — Turbines take a smal amount of air at the intake and
accderate it to extremely high veodities through the exhaust nozzle.

4. Turbojet Engines

a
b.

C.

d.
5. Tur

a

Uses a series of fan-like compressor blades to bring air into the engine and
compressit with a series of rotor and stator blades.
Rotor blades perform somewhat like propellersin that they gather and push air
backward into the engine.
Hot gases drike the blades of the turbine and cause it to spin rapidly.
The spinning turbine is what causes the compressor sectionsto turn.

bofan Engines
One or more rows of compressor blades extend beyond the normal compressor
blades.
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b. Much moreair is pulled into the turbofan engine than is pulled into the smple
turbojet.
c. Turbofan ismuch quieter than turbojet and is more fud-efficient.
6. Turboprop Engines
a.  Combines the best features of turbojet and propeller aircraft.
b. Turboprop uses agasturbineto turn apropeller. The gasturbine canturn a
propeller with twice the power of areciprocating engine.
7. Propfan Systems
a.  Thethruster resembles a ship’s screw more than it does an airplane propdler.
b. The propfan combines the air-moving efficiency of the turbofan engine with the
thrusting efficiency of the propeller.
8. Ramjet and Scramjet Engines
a. Thisisthe smplest type of dl jet engines because it has no moving parts.
b. Theforce of inertiarams air into a streamlined chamber of afast-flying ramjet.
9. Hight Controls
a. Wilbur and Orville Wright gave the aviation fidd sustained, controlled and
power ed flight of a heavier than ar vehidle.
b. Flapsare atached to the trailing edge of the wing. The flap increases the camber
of thewing airfoil for that portion of the wing to which it is attached.
c. Satsare protrusions from the leading edge of awing. They add to the induced lift
of awing.
d. Spoilerswork to destroy lift. Spoilers are located somewhere on the top of the
wing.
e. Drag devices produce drag only. They may be located at the trailing edges of the
wing or they may protrude from the craft’ s fuselage upon activation by the pilot.
10. The Fuselage Structure
a. Fusdage meansto shape like aspindle; to streamline.
b. Thereareusudly three classfications truss, semimonocoque and monocoque.
11. Landing Gear
a. There arethreetypes of landing gear arrangements in common use today:
conventiond, tricycle and tandem.
b. Conventiona conssts of two wheds forward and one small whedl in the rear.
c. Tricycle has anose whed and two wheels, one on each side, underneath where
the pilot gits.
d. Tandem has two sets of wheels located one behind the other on the fuselage.
e. Landing brakes must be used with caution because they move much faster than a
car's brakes.
f.  Landing gear can be fixed or retractable. Smdler planes normdly have fixed
because they are less costly. Larger planes have retractable.
12. Systems
a. Fud Systems- incdudes everything that involves ddivery of fud to the engine.
b. Fue Tanks- can belocated anywhere in the aircraft.
1) There are two fud-feed sysems: gravity-feed and force-feed.
2) Gravity feed uses gravity to cause the fud to flow from the tanks downward to
the engine.
3) Force-feed uses afud pump to drive the fud from the tanks to the engine.



c. Fud Lines—lead from each tank to digtribute the fue throughout the aircraft.
13. Hydraulic and Electricd Systems

a. Hydraulic Sysems— meanswater tube. An arcraft’ s hydraulic sysem may
operate the brakes, the landing gear, move the flight controls, and extend and
lower the flaps.

b. Electrica Sysems— A generator mechanicaly attached to an aircraft' s engine
provides the eectricity required to charge the battery, sart the engine, operate the
radios, and operate navigation and landing lights.

14. Aircraft Instruments
a. Ealy Aircraft Instruments
1) Thefirg aviators relied on their senses because there were no instruments.
2) Early ingruments were adequate for “low and dow” aircraft.
b. Indrument Classfication
1) Classfication by Principle of Operation — mechanica instruments, pressure
instruments and eectrical insruments.

a) Mechanicd ingrumentswork by means of direct mechanicd linkage. An
example would be gyrascopic sability, which means that a spinning flat weight
tendsto line up on one of its axes.

b) Pressure instruments work on the ideathat afluid, such as air, exerts pressure.

C) Electricd instruments operate on the principles of dectricity, including
magnetism.

2) Classfication by Use — performance and control

a) Performance tdlls us how the aircraft has responded to our commands.

b) Contral tells usthe current state of some aircraft devices, so that we are aware
of their condition.

c. Typicd Ingruments
1) Engine Ingruments
a) Tachometer — measures gpeed; how fast the engine' s crankshaft is turning.
b) Oil Pressure and Temperature Gauges provide constant readings on the
pressure and temperature of oil while the engine is operating.
2) Hight Ingtruments

a) Purpose — dlow for safe flight and show pilot how well the arplaneis
performing.

b) The Airspeed Indicator informs the pilot of the speed through the air.

c) Aircraft Altimeters are aneroid barometers that read in feet of atitude and
are cdibrated to atmospheric pressure in inches of mercury.

d) The Turn-and-Slip indicator does two things. The turn indicator, which is
the needle, indicates the direction and rate of the turn. The bal in the glass tube,
cdled the inclinometer, indicates the qudity of the turn.

€) The Vertica Vdocity Indicator tells the pilot a whet ratethe arplaneis
climbing or descending. It is also known as the vertical speed indicator or the
rate-of-climb indicator.

f) The Attitude Indicator is a gyroscopic indrument that provides an artificia
horizon to the pilot.

3) Navigation Instruments are used to help the pilot find the way to the
degtination.
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a) The most important navigation instrument is a magnetic compass.
b) Most planes have a heading indicator. It is atype of compass.
15. New Concepts
a. VISTOL — gtands for vertical/short takeoff and landing.
b. Tilt-Rotor aircraft — these aircraft turn their rotors up to takeoff and land like
helicopters, and down to fly like fixed-wing vehides
c. Hypersonic transports— are designed to travel a Mach 5 and greater.

Multiple-Choice and True/False Sample Test

1. The axis runs from thetip of the noseto the tip of thetail of asingle-
engine arplane.

a €devdion

b. latera

c. longitudind

d. vertica

2. Where isthe centrd area of areciprocating engine where fud is converted into
energy”?

a crankshift

b. cylinder

C. pigons

d. spark plugs

3. Which of the following isnot one of the four basic types of turbine engines?
a. turbojet
b. turbofan
c. turboprop
d. turborod

4. Which of the following are protrusions from the leading edge of awing?
a. flaps
b. rudders
c. das
d. spoilers

5. Which of thefollowing is not atype of fusdage?
a truss
b. monocoque

C. semimonocoque
d. trimonocoque
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6. Which of thefallowing is not a common landing gear?
a. conventiond
b. tandem
c. tricyde
d. unicyde

7. Aircraft instruments classified by their use fal into two mgor groups.
a. performance and control.
b. horizonta and verticdl.
c. flight and navigation.
d. takeoff and landing.

8. T/F Theverticd veocity indicator tellsthe pilot a whet rate the airplaneis dimbing
or descending.

9. T/F Theaititude indicator is a gyroscopic instrument that provides an artificia
horizon to the pilot.

10. T/F Themodular ar vehicleisahypersonic or supersonic vehicle that has an
attached shock wave aong its leading fusdage edge.
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Chapter 9

Flight Navigation (pages 229-261)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- Explain how agrid is constructed to provide a system of coordinates for use on a map.
- ldentify theterms“small circl€’ and “greet circle’.

- Describe how the coordinates of alocation are written.

- Describe which map projections are used for what purposes.

- Define prime meridian, equator, hemisphere, pardlds, meridians and graticule.

- Describe the purposes served by sectiona agronautical charts.

- Name methods of showing rdlief on a sectiona aeronautica chart.

- ldentify symbols used to indicate cultura festures on a sectiond aeronautica chart.
- Explain why hydrographic features are avauable navigationa ad.

- Name the two broadest classifications of airports.

- Describe an arport using the symbols and data printed on a sectiond agronautical chart.
- Define joint-use airports.

- Name the agency responsible for regulating planes, pilots and airspace.

- Describe controlled airspace and its subdivisions.

- I dentify specid-use airspace categories.

- Describe thefunctions of specidized agronautica charts.

- I dentify the mgor factors influencing ar navigation.

- State two causes of magnetic variation.

- Explain why compass deviation occurs.

- Describe the purpose of awind triangle.

- Define true airgpeed and ground speed.

- Explain pilotage navigation.

- Describe dead-reckoning navigation.

- | dentify the basic steps involved in dead- reckoning navigeation.

- Describe the use of the aircraft radio as a navigationd ad.

- Explain the use of the VOR/TACAN receiver as anavigationd ad.

- ldentify limitations of the automatic direction finder (ADF) as anavigationd ad.
- Describe the use of distance-measuring equipment (DME) as a navigationd ald.
- Name the parts of the VOR System for navigation.

- Describe how to navigate usng the VOR System.
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- Describe how to plot apostion on aLORAN chart.

- Name the two types of GOPS positioning systems and who might use eech.

- Describe why the Inertia Navigation System is different than the other systems.
- Describe three types of landing systems.

Presentation

Attention: Navigation isthe science of getting ships, planes and spacecraft from place to
place. Itisthe method of determining position, course and distance traveled. Navigation
is knowing where you are, where you are going and how you will get there.

Motivation: Navigaionispart of dl of our daily lives. We navigate to get to work or
school. We have to know the streets that we must take and how long it will take to arrive
ontime. This chapter will help us understand reading maps better, and this should help
uswith our everyday travels.

Overview: WEe Il begin this chapter by talking about maps and aeronautica charts. Then
we will moveinto basic navigationd principles, techniques and sysems.

Evaluation: Using amap, have sudents identify certain feastures on the map. Have
some maps taped to the chalkboard. Have students come up front of the class and
identify different feetures on the maps.

Assignment: Review key terms and concepts.
L esson Outline

1. Mapsand Map Projections
a. Globa Coordinate System
1) Eighteen primary grest circles going north south are called lines of longitude.
2) Pardld lines having 10 degrees spacing between them from the equator to the
poles are cdled lines of |atitude.
3) The sarting point for lines of longitude, or zero degrees, passes from the North
Pole to the South Pole through Greenwich, England and is know as the prime
meridian.
b. Mercator and Conic Projections
1)Mercator isacylindrica projection of a map.
2) Conic projection places a cone over the earth and projects the meridians and
pardlds.
2. Section Aeronautical Charts
a. Themost commonly used aeronautical chart isthe sectional aeronautica chart.
b. Sectionds give important information to pilots, particularly pilots who fly small
arcraft over short distances.
c. Rédief charts describe evations. They are depicted by color tints, contour lines
and shading.
d. Hydrographic Features refer to water. Streams and lakes are depicted in blue.
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e

f.

g

Culturd Festures
1) Citiesor towns are featured in bright yellow.
2) Smdl communities are shown in smdl black circles
Airports — broadest definition is dassfying them as civilian, military or joint-use.
1) Civilian — unpaved is marked as amagentacircle. Near the name of the airport
isthe height above sealeve and length of runway.
2) Military — depicted the same as civilian; only digtinguishing festure isthe
abbreviation for the owning military service. For ingance Air Force Base is AFB.
3) Joint-use airports are found where civilian and military share runways. Pilots
can tdl ajoint-use arport by its name. Ex — Sheppard AFB/Wichita Falls.
Airspace and Airways
1) Controlled airspace — is subject to control by FAA air traffic controllers.
a. Largest areaof controlled airspaceis caled the continental control area.
b. Mot control areas are around most airports.
2) Airways— are three-dimensond highways in the sky.
3) Specia-use Airspace — pilots have to avoid; prohibited and restricted airspace.

3. Badc Navigation Principles

a

b.

The True-course Line — aline or series of lines that the navigator indicates the
arplane will follow.

Magnetic Courses — Magnetic north is different from true north because the
magnetic north and south poles are not the same as the geographic north and south
poles.

Compass Deviation — occurs once the compass is mounted in aplane. It must be
adjusted because of eectrica power and metasin the aircraft.

Altimeter isthe only non-eectronic means the pilot has of determining the
arplane s distance over the surface.

True Airgpeed vs. Ground Speed — airgpeed tells the pilot how fast the airplaneis
flying through the air. Ground speed is a measure of how fast your aircraft is
going across the surface of the Earth.

Wind and the Wind Triangle — The effect of wind on an airplane can either
increase or decrease the ground speed depending on whether the planeisflying
with or againg thewind. Wind triangleis atool pilots use to figure out where the
wind drift will cause the aircraft to fly over the ground.

4. Navigation Techniques
a. PRlotage means navigating by reference to visible landmarks.
b. Dead Reckoning involves the systematic consderation of dl factors that will and

could affect the flight.

5. Electronic Aids
a. TheAircraft Radio isan ad to navigation because it isthe pilot's

b.

communication’ s link with FAA personnd.

The Very-High-Frequency Omnidirectiona Radio Range (VOR) Receiver isthe
second half of the aircraft radio. 1t must be tuned to the broadcast frequency of the
VOR radio gation just like the aircraft radio.

The Autométic Direction Finder (ADF) is another type of radio receiver that is
used to determine direction, but it does not provide as much information asthe
VOR.
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d.

€.

Distance-Measuring Equipment (DME). The DME sendsasigna and measures
the time it takes to go from the aircraft to the VORTAC and return.

Westher and Ground Radar. Radar works on the principle of reflected radio
energy. Wesather radars show areas of precipitation and storms.

5. Navigation Systems

a

b.

)

The VOR System — the total system includes the airplane recaivers and the ground
gtations working together to help the pilot navigate.

Long-range Navigation (LORAN) — It isacomplete navigation system that is used
by large cargo ships and many smdl, privately owned seacraft. It isaso used by
arcraft as ameans of navigation.

The Globa Postioning System (GPS) — congsts of roughly 24 satdlitesin orbit
around the Earth, severa ground tracking stations and areceiver in the aircraft.
The tota number of satellites varies due to repairs and upgrades.

Precise Positioning System (PPS) is the military’ s encoded signd.

Standard Positioning System (SPS) isthe civilian public’ ssgnd.

Inertial Navigation is a sdlf-contained unit located within the aircraft that needs
only to be programmed for agtarting point and a destination.

The Area Navigation System (RNAV) is a computer-controlled navigation sysem
that dlows pilotsto fly directly from the airport of origin to the destination airport
without passing over asingle VOR dtion.

6. Landing Navigeation Sysems

a

b.

C.

The Ingrument Landing System (ILS) is used only within a short distance from
the airport and only when the purpose isto land the airplane.

Microwave Landing System (MLS) — In Europe, this system is replacing the ILS.
Itismore efficient than the ILS.

Differentid GPS Landing Systemns can be molded to the community’ s needs and
dill satidy the aviator.

Multiple-Choice and True/False Sample Test

1. Onamap, pardld lines are caled lines of

a

b
C.
d

meridian.

. prime.

latitude.

. longitude.

2. The prime meridian passes from the North Pole to the South Pole through
a. Miami, Horida
b. Greenwich, England.
c. Athens, Greece.
d. Hong Kong, China
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3. What isthe term used to describe elevations on maps?
a conic
b. mercator
c. menidian
d. rdief

4. Onamap, the largest area of controlled airspace is cdled the control area.
a. continental
b. oceanic
C. mountainous
d. vdley

5. Which of the following isatool used by a pilot to determine where wind drift will
cause the aircraft to fly over the ground?

a dtimeter

b. true-coursline

c. pilotage

d. windtriangle

6. Which of the following is a technique of navigation that involves the sysematic
consideration of dl factors that will and could affect aflight?

a. dead reckoning

b. pilotage

C. true-courseline

d. compass deviation

7. T/IF LORAN isan acronym for long-range navigetion.

8. T/F The Globa Postioning System (GPS) congsts of one mgor satdlite in orbit
around the Earth and severa ground tracking stations.

9. T/F The Standard Pogitioning System (SPS) isthe military’ s encoded Sgnd and its
accuracy is controlled by a program caled Sdective Assgnment (SA).

10. T/F The Instrument Landing System (ILS) is used only within a short distance from
the airport, but is used for both takeoff and landings.
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Chapter 10

The Airport (263-270)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 20 minutes

Objectives: After completion of this chapter, the student should be able to:
- | dentify the different parts of atypica arport and describe their functions.
- Describe how runways are numbered.

- Knowthe difference between a controlled and uncontrolled airport.

- Describe the different lights and their meanings on an airport.

- Describe three concerns and chalenges to atypica airport.

Presentation

Attention: How many of you have ever flown in aplane? How about, picked someone
up at the arport? Many people find the airport to be a fascinating place and afun place.
Well, we are going to talk about airports for the next few minutes.

Motivation: This chapter should give you alittle more understanding about arports.

Overview: S0, let’sbegin. WE I tak about airports and then finish with some airport
concerns.

Evaluation: Go over the questions at the end of the chapter.

Assignment: Review key terms and concepts. Thisisagood placeto talk over some of
the experiences students have had at airports. Also, chapters 10-13 can certainly be
taught together in one or two lessons.

L esson Outline

1. TheAirport
a. Runway — the most important part of the airport. The runway is needed for the
planesto take off and land. Runways contain a dashed white light down the
middle. At night, runways have steedy white lights on the edges and sometimes
down the middle.
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b. Taxiways are the roadsthat aircraft use to get to the runway. Each airport hasits
own pattern of taxiways.

Ramps and Hangers are the parking lots for the aircraft.

Control Tower gives the aircraft permisson for take off and landing.

e. Passenger Termind is where the passengers check in with their airlinetickets. It
is aso where luggage can be picked up. Passenger termina aso have restaurants,
bookstores and places to sit and wait for planes.

f. Other Facilities— are awesather sation and afire sation.

2. Airport Concerns and Challenges

a.  Wildlife— animas and especidly birds, wander on the runway and cause
accidents.

b. Noise—arplanesare noisy. Airplanestry to take off and land more quickly.

oo

Multiple-Choice and True/False Sample Test

1. At night, runways have steady lights on the edges and sometimes down the
middle.

a. blue

b. green

c. red

d. white

2. Themost common taxiway is caled the taxiway.

a. padld

b. ramp

C. perpendicular

d. verticd
3. T/F Anairport without a control tower is called an uncontrolled airport.
4. T/F A fixed-base operation is bascaly a service ation for airplanes.
5. T/F Taxiways are the parking spots for aircraft.

6. T/F The number of arunway isthefirs 2 digits of acompass direction rounded to the
nearest 10 degrees.

7. T/F Atthebeginning of arunway, the lights are red.
8. T/F A hangar isredly just agarage for arplanes.

9. T/F Atcivilian arports, arotating beacon, which is used to help pilots locate an
arport in bad weather, uses flashing red and white lights.

10. T/F Because of technology, birds are no longer a concern for airplanes.



Chapter 11

Air Carriers(ri-283)

Resource: Aerogpace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 20 minutes

Objectives. After completion of this chapter, the student should be able to:

- Define ar carriers.

- Describe why the Airline Deregulation Act had more serious effects on the older
arlines than on the newer ones.

- Define modern arliner, dl-cargo carrier and regional/commuter carrier.

Presentation

Attention: Aviation isdivided into separate categories with specific functions. This
chapter coversthe air carriers, both large and smadll.

Motivation: Studying this chapter will increase your knowledge of the modern airliners
and their functions.

Overview: Although airliners come in different sizes, they al move people and cargo
from one place to another. So, let’stalk a closer look at the functions of these airliners.

Evaluation: Go over the questions at the end of this chapter.

Assignment: Review key terms and concepts. Give congderation to teaching chapters
11-13 asone lesson.

L esson Outline

1. Mgor Air Carriers

a. FAA regulatesfor safety.

b. Airline Deregulation Act of 1978 gave the arlines free entry into the air routes of
the US. The Civil Aeronautics Board (CAB) thought this would increase
competition and reduce prices. It did in some areas. However, many airlines cut
back on unprafitable routes and began flying only the profitable, big city routes.
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c. Airliners can be categorized as

f.

1) Modern Airliners

2) Cargo Carriers

3) Regiona-commuter Aircraft

Modern Airliners— mogt familiar to generd population. They usudly carry over
100 passengers and travel from large city to large city.

1) Boeing 747 — largest commercid arliner ever built.

2) McDonndl-Douglas DC-10/MD-11 — DC-10 is alittle smdler than the 747.
The DC-10 can carry between 255-380 passengers depending on configurations.
The MD-11 isthe world' s only modern large, wide-cabin trijet.

3) Lockheed L-1011 — isvery samilar to the DC-10. Both were origindly designed
to be profitable on high-dengty short-to-medium-length routes.

4) Airbus A-300B — An internationd corporation builds these with indudtriesin
England, France, Germany, the Netherlands and Spain.

5) Boeing 767 — uses the latest in technology in design.

6) Boeing 777 —fills the gap between Boeing 767 and 747.

7) Boeing 727 — the most successful arliner ever built in terms of numbers. The
unique feetures are the three engines mounted in the rear of the plane and the T-
tall.

8) Boeing 737 — isatwin-engine, short-range jet transport.

9) Boeing 757 — isa short to medium range aircreft; is atwin-engine aircraft.

10) McDonndl-Douglas DC-9 — atwin-engine arcraft with arange of 1000-1500
miles.

Air Cargo Carriers—fly avariety of cargoes— from livestock and machinery to
flowers and fruit. Their mgor market is medium or long routes where speed of
delivery isvery important.

1) McDonnell-Douglas DC-10-30CF — a convertible passenger/freighter
2) Boeing 747F — the giant of the arfreight world.

Regona/Commuter Carriers — serve very smdl dities or citieswith little air

traffic. The averagetrip is severd hundred miles with about 20 passengers.

1) Swearingen SA-266 Metro || — can carry up to 20 passengers

2) Shorts SD-3-30 (England) — twin-turboprop engines and carries up to 30.

3) Beechcraft 99 — twin-turboprop airliner that can carry up to 15.

4) Dehavilland DHC-7 (Dash 7) (Canada) — afour-engine turboprop that carries
50 passengers.

5) British Aerospace Company manufactures three aircraft that are used by
regiond carriers. They are BAE Jetstream 31, ATF and the BAE 146. The3lis
thesmalest and it carries 18-19 passengers. The 146 isthe largest and it carries
82-93.

6) Embraer (Brazil) — This company builds two twin-engine turboprop arcraft: the
EMB 110 Bandeirante that carries 21 and the EMB 120 Brasilia that carries 30.
7) Fokker (Netherlands) — This company iswdl known for its WWI contributions.
However, they are dso aleading builder of short-range commercia aircraft. For
instance, the F-27, F-50, F-28 and the F-100.
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Multiple-Choice and True/False Sample Test

1. Who isresponshble for regulating the safety of the airlines and controlling the flights
while flying over the United States?

a. Civil Aeronautics Board (CAB)

b. Federd Aviation Adminigration (FAA)

c. Airline Safety Organization (ASO)

d. Nationd Aeronautical Association (NAA)

2. Boeing 747s and McDonndll-Douglas DC-10 fal into what category of mgor air
carrier?

a. cagocarier

b. modern airliner

c. regiona-commuter arcraft

d. none of the above

3. The Airbusis built by an internationa corporation. Which of the following countries
makes the engines for the Airbus?

a Engad

b. France

c. Geamany

d. United States

4. Which one of thefollowing aircraft is used as an air cargo carrier?
a. Boeing 777
b. Lockheed L-1011
c. McDonndl-Douglas DC-9
d. McDonndl-Douglas DC-10-30CF

5. T/F TheAirline Deregulation Act of 1978 dlowed airlines free entry into the air
routes of the nation.

6. T/F Regiond-Commuter aircraft mainly carry freight.

7. TIF TheBoeng 727 isthe most successful airliner ever built in terms of numbers
8. T/F The Boeing 747F isthe giant of the air freight world.

9. T/F The Airbus best fits into the Regiona/Commuter carrier category.

10. T/F TheBoeing 777 was designed to fill the Sze gap between the 767 and 747.
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Chapter 12

General Aviation (284-297)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 20 minutes

Objectives: After completion of this chapter, the student should be able to:
- Define generd aviation.

- Name the five groupsinto which generd aviation is separated.

- Describe thetypicd ingructiond arcraft.

- Discuss two bagic trainer aircraft.

- Describe the process of getting a private pilot certificate.

- Describe thetypica persona arcraft.

- Define sport aviation.

- List and describe the purposes of the seven divisons of port aviation.

Presentation

Attention: Generd avidion isdefined asdl civil aviation other than the flying done by
scheduled air carriers and government agencies. It isthe largest segment of the aerospace
industry. Very few people redize the sze and importance of this branch of aerospace.

Motivation: Because generd aviation isthe largest ssgment of aerospace, it isagood
ideato know more about it.

Overview: Inthis chapter, wewill discuss generd aviaion and talk about the five
categories of it.

Evaluation: Go over questions at the end of the chapter.
Assignment: Review key terms and concepts.
L esson Outline

1. Ingructiond Aviation — dedls with aircraft used to teach someoneto fly.
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a

b.

Filot Certification — training includes both ground school and flight ingtruction.
Prior to flying solo, astudent must acquire an FAA student pilot certificate by
passing an FAA Class |11 Medical Examination. At some point in the training, the
student has to pass awritten exam. After passing the exam, the student earns the
private pilot certificate.

Cessna 152 — many pilots received their basic flight training in this aircraft. Piper
arcraft are also used alot.

2. Persona Aviation — accounts for only 24 percent of generd aviation flying.

a
b.

Is defined as flying for other than business or commercid use.

Beech Aircraft Company built Six arcraft that were used for persona aviation.
All were dl-meta, low-wing monoplanes. Only the Bonanza is ill in production
today.

Cessna Aircraft Company built eight different models that were dl-metd, high+
wing arcraft. Cessnaisthe world'slargest manufacturer of generd aviation
arplanes.

Mooney Aircraft — the Mooney 201 is an dl-metd, low-wing arcraft with a
retractable tricycle landing gear.

Piper Aircraft Company — is one of the big three of generd aviaion. It il offers
the PA-18 Super Cub, which isthe longest continuoudy produced arplanein
American avidion higory.

3. Sport Aviation — flying for fun.

a

b.

C.
d.

e.

f.

g
h.

Flying for some purpose other than trangportation or business.

Has seven categories — homebuilts, ballooning, soaring and gliding, antique
aviation, racing, aerobatics(stunt flying) and ultrdights.

Homebuilts combine flying with a hands-on hobby.

Balooning — refersto hot air ballooning.

Soaring and Gliding — giding is the controlled descent of a non-powered aircraft.
Soaring is flying without engine power and without aloss of dtitude.
Antigue Aviation involves either finding and restoring a vintage aircraft or
building replicas of old airplanes from origind plans.

Racing — usudly at low dtitude and high speeds.

Aerobatics — dso cdled sunt flying; occurs at air shows.

Ultrdights— smdll, lightweight aircraft that began as powered hang gliders.

Multiple-Choice and True/False Sample Test

1. What isdefined asdl civil aviation other than flying done by scheduled air carriers
and government agencies?
a. bugnessaviation

b.
C.
d.

commercia aviation
generd avidion
personal aviation
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2. Useof an aircraft for other than business or commercid use defines aviation.
a. ingructiond
b. persona
c. sport
d. traner

3. Who isthe world' s largest manufacturer of generd aviation airplanes?
Beech

Cessna

Mooney

Piper

coop

4. What city is sometimes referred to as the Air Capita of the World?
a. Dayton, Ohio
b. Lubbock, Texas
c. Sdt Lake City, Utah
d. Wichita, Kansas

5. Which of thefallowing isnot considered as sport aviation?
aerobatics

crop dusting

racing

soaring and gliding

cooTo

6. T/F Ultrdight aircraft do not require FAA certification and pilots do not need a
license.

7. T/F The Immdmann, the hammerhead stdl and Cuban 8s are maneuvers seen during
atypica aerobatic performance.

8. T/F The Nationd Championship Air Races are held in Kitty Hawk, North Carolina.
9. T/F In order to qudify as an antique, an aircraft must be at least 50 years old.

10. T/F Gliding isthe controlled descent of a non-powered aircraft.
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Chapter 13

Business and Commercial Aviation (298-312)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 20 minutes

Objectives. After completion of this chapter, the student should be able to:

- Define business aviation.

- Describe the two categories of business aviation.

- Describe atypicad business aircraft and atypical executive aircraft.

- State the importance of fud efficiency, noise and cost effectiveness asthey apply to
bugness aviation.

- ldentify at least two busness aircraft.

- |dentify at least two executive aircraft that are piston powered, two that are turboprop
powered and two that are turbojet powered.

- Define commercid aviation.

- Describe the two subdivisons of commercid aviation.

- Differentiate between air taxis and renta aircraft.

- Discuss sx different non—transportation areas of commercid aviation.

Presentation

Attention: This chapter isa continuation from the last chapter, so we are il talking
about generd aviation. We have two categories |€eft to discuss: business and commercid.

Motivation: This chapter will give you the opportunity to learn dl about busness and
commercid aviation. This chapter will definitely expand your understanding of these
two categories of genera aviation.

Overview: Let'sbegin with busness aviation and the concernsin thisarea. Then, we
will go into commercia aviation and explain the difference between thiskind of
commercid avidion and the main ar carriers,

Evaluation: Go over questions at the end of the chapter.

Assignment: Review key terms and concepts. Summarize the |last three chapters.

71



L esson Outline

1. Busness Aviaion

a

b.

Thisisthe use of aprivate- or company-owned genera aviation aircraft for
business purposes.

Isusudly divided into two categories: business and executive.

1) business—if anindividua persondly pilots an aircraft used by abusinessin
which the pilot is engaged.

2) executive— if aprofessond pilot flies the company arcraft to transport
employees.

There are three main concerns:

1) Fud efficiency - The cost of aviation fud has increased by 700 percent snce
1973. Businessairplanes are used to save time, not gas. However, the cost
remains a concern, but the speed of travel is what saves the company money. If a
business aircraft can get to a destination faster, the employees can accomplish
more.

2) Noise — the Federd Government places limitations on the amount of engine
noise an arcraft can produce. Many communities close airports a night. Aircraft
manufacturers are building quieter jets.

3) Codt Effectiveness — companies are looking closer a how they use their planes
and how far they normaly travel. Then, thisimpacts on the type of plane or
planes the company buys.

Executive Aircraft — This market is very competitive. 1n 1996, it was reported that
335 of the Fortune 500 companies had at least one aircraft. Executive conssts of:
1) Multi-engine RFigton Aircraft

2) Turboprops

3) Turbojets

Business Aircraft — 78% of dl busness aircraft are sngle-and piston-engine
arcraft and 21% are twin- and piston-engine arcraft.

1) Business Twins

2) Helicopters

2. Commercid Aviation — isasegment of generd aviation. It dedls with using generd
aviation aircraft for hire asacommercid (money making) business.
a. Transportation — Air taxis and charter services provide transportation on a

b.

nonscheduled or demand basis.

Nontransportation

1) Agriculturd Application — both fixed wing and rotary wing. They seed,
fertilize and gpply pesticides to dmost 200 million acres of farmland annudly.
2) Aeid Advertisng — banners over a sports stadium or a county fair.

3) Aerid Photography — asingle picture can cover alarge area.

4) Fre Fighting — dropping fire-retardant chemicals on afire.

5) Fish and Wildlife — planes stock fish in high mountain lakes and take census on
deer and elk. Planes are also used to steer aherd of animalsto prevent
overgrazing.

6) Patrol Aircraft — planesinspect power lines and pipelines.

7) Industrial Uses — helicopters are used in congtruction and logging.
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Multiple-Choice and True/False Sample Test

1. Busnessavidion isusudly dassified into two groups according to who is flying the
arcraft:

a. officid and unofficid arcraft.

b. avilian and military arcraft.

c. business and nonbusiness aircraft.

d. busness and executive arcraft.

2. There are three areas of concern in aviation today; fud efficiency, cost effectiveness
and

ar gability.

storage capability.

comfort.

noise.

oooTw

3. What isthe largest turboprop executive aircraft?
a. Beech King Air BE300
b. Piper Cheyennell
c. Swearingen Merlin IVA
d. Turbo Seminole

4. Intheturbojet area, who leads al other manufacturers in numbers of aircraft?
a. GateslLearjet
b. Grumman Gulfstream
c. CessnaCitation
d. Ilsrael Westwind

5. What isthe only single-engine business aircraft built in the United States that is
pressurized?

a. Piper Cub

b. Piper Malibu

c. GateslLearjet

d. CessnaCitation

6. Which of thefallowing isnot in the nontransportation area of commercia aviation?
a. artaxis
b. agriculturd application
c. aerid photography
d. wildlife conservation
7. T/IF Commercid avidion isasegment of generd aviation.

8. T/F The Federd Government places limitations on the amount of engine noise an
aircraft can produce.
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9. T/F All of the Fortune 500 companiesin the US have at least one company aircraft.

10. T/F Most of the helicopters used for business aviation are Bell 206 Jet Rangers and
McDonnell-Douglas 500Ds.
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Chapter 14

Military Aircraft (pages313-330)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000

Lesson Method: Lecture

Time 30 minutes

Objectives. After completion of this chapter, the student should be able to:

- Describe the functions of the mgjor categories of military aviation.

- ldentify a least two arcraft in each of the mgor categories of military aviation.

- State what the letter designation of specific military arcraft means.

Presentation

Attention: During World War 1, arcraft became an important part of military Strategy.
It dominated all aspects of warfare, even nava battles. Since World War 11, the airplane
has proven its worth in every conflict there has been.

Motivation: Inthe Korean War, the Vietnam conflict and in Desert Storm, the airplane
has shown that control of the ar iscrucid inwars.  Studying this chapter will further
illudrate that point and familiarize you with many different planes.

Overview: Thischapter will divide arplanesinto different categories, such as bombers
and fighters. By learning the different categories, you will understand their functions
better. Let’s begin with combat aircraft.

Evaluation: Go over the questions at the end of the chapter. Quiz your students on
some of the planes.

Assignment: Review key terms and concepts. Spend some time on the aircraft missions.
Lesson Outline

1. Combat Aircraft
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a. Bombersare large, long-range aircraft whose mission to reach into the enemy’s
homeand and destroy the ability to wage war. Bombers drop bombs on factories,
military bases, population centers and military troops. The US has three bombers.
1) B-52 — built in the 1940s; it has gone through 8 modd changes. The current
oneisthe B-52H. It has eight turbofan engines, goes about 660 mph, and hasa
range of up to 10,000 miles.

2) B-1 - The B-1B was approved by President Reagan in 1981. It goes at speeds
of Mach 2.1 (1400 mph) at 50,000 fest.

3) B-2 —isthe new Advanced Technology Bomber and often called the “ stedlth”
bomber. The B-2 usesthe latest technology to makeit invisible to enemy radar
and infrared detectors.

b. Fghters— basic misson isto destroy other aircraft. US has seven different
fighters
1) A-10 — primary mission isto support ground troops. It isdow, but is highly
maneuverable and can operate a extremely low dtitudes.

2) F-15 Eagle — isan dl-westher, extremdy maneuverable, tactica fighter
designed to gain and maintain air superiority in agrid combat. 1t has a speed of
more than Mach 2.
3) F-16 Fighting Falcon — lightweight fighter that goes Mach 2. It locates targets
in al weather conditions and detects low-flying arcraft in radar ground cluitter.
4) F-117 — The F-117A Nighthawk isthe first operationd aircraft designed to
exploit low-observable stealth technology. The unique design provides
exceptiona combat capabilities.
5) F-14 Tomcat is a supersonic, twin-engine, variable sweep wing, two-place
fighter designed to attack and destroy enemy aircraft a night and in dl westher
conditions.
6)F/A-18 is an dl-wesather fighter and attack aircraft. 1t was designed for
traditiond strike gpplications such as interdiction and close air support without
compromising its fighter and sdf-defense capabilities.
7) F-22 was built to replace the F-15 and is called the Advanced Tactica Fighter.
It isthe only aircraft in the world that can travel a Mach 1 without using
afterburners.

2. Noncombatant Aircraft

a. Reconnaissance and Observation Aircraft — used by the military to watch an
enemy or potentid enemy.

1) TR-2/U2 — built in the 1950s as apy plane. It can fly a extremely high
atitudes (90,000).

2) SR-71 Blackbird — the world' s highest and fastest aircraft. It operates at
altitudes of 80,000 — 100,000 feet at a speed in excess of Mach 3.

3) E-3A AWACS (Airborne Warning and Control System) is based on the Boeing
707. Servesas an airborne command and control center.

4) E-4B serves as the Nationd Airborne Operations Center for the National
Command Authorities.

5) E-8 } STARS — The Joint Survelllance Target Attack Radar System (J STARS)
is an arborne platform equipped with along-range, air-ground surveillance system
designed to locate, classfy and track ground targetsin al westher conditions.

76



b.

C.

d.

Noncombatant Navy Aircraft — for antisubmarine patrol, US Navy used the P-3C
Orien and the S-3A.

Noncombatant Army Aircraft — observation is locating the enemy troops and
cdling for air or artillery strikes on their postions.

Transports and Tankers

1) C-5—-USAF slargest aircraft, C-5 Galaxy, was built primarily to provide
massve drategic (intercontinenta) airlift for combat supplies. TheC-5is

massve, nearly 248 feet long with awingspan of more than 222 feet.

2) C-141B Sarlifter has been the backbone of our strategic airlift.

3) C-130 Hercules is much smdler than the other two, but is consdered one of the
most successful aircraft of al time. 1t isaso one of the mogt highly modeled
arplanes with over 30 models having been produced, and with 52 foreign
countries and the United States using the C-130.

4) KC-135 — The military verson of the Boeing 707 isthe C-135. It has been
produced in severd models. The KC-135 tanker and the WC- 135 wegther aircraft
are the best known.

5) KC-10A Extender — an advanced tanker/cargo aircraft; selected to eventudly
replace some of the older KC-135 tankers.

6) C-9 — The McDonnell-Douglas DC-9 has been modified into two modes for the
military, the Air Force C-9A Nightingale and the Navy C-9B Skytrain. The
Nightingale isamedicd arlift trangport. The Skytrain is used as a personnd
transport.

7) C-17 Globemaster — It isthe newest and mogt flexible cargo aircraft. Itis
capable of rapid delivery of troops and al types of cargo.

Trainers— dl pilots must go through flight training.

1) T-3 Firefly — some pilots recaive tharr initid training in this.

2) T-37B — comes after the T-3 and is a subsonic jet that seats the pilot and
instructor beside each other.

3) T-38 Talon — This comes after the T-37. The T-38 is supersonic and can fly at
Mach 1.2. The student and ingtructor St behind one another. This planeis used
specificaly for fighter pilot’ straining.

Utility Aircraft

1) C-12A isthe civilian vergon of the Beechcraft Super King Air 200 and is
quickly converted for cargo missions. It carries a crew of two and eight
passengers.

2) C-20 — US Air Force has 11 and uses them for arlifting very important people.
The arcraft carries a crew of five and 14-18 passengers.

3) C-21A is the military vergon of the Learjet 35A and isused for operationd
support airlift. It hasacrew of two and carries eight passengers.

4) C-22B isthe military version of the Boeing 727. The Air Nationd Guard on
operational-support airlift missonsis operating four of these.
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Multiple-Choice and True/False Sample Test

1. Which of thefollowing isnot inthe US' current bomber inventory?
B-1

B-2

B-25

B-52

op oo

2. Which of thefollowing is often cdled the “ stedlth” bomber?
a B-1
b. B-2
c. B-25
d. B-52

3. Which category of military aircraft has the misson of destroying other aircraft?
a. bombers
b. fighters
C. reconnaissance
d. tankers

4. Which arcraft is not classfied as a reconnaissance aircraft?
TR-1

SR-71

E-3A

C-9

oo oTp

5. What isthe US Air Force' s largest aircraft?
a. C-5
b. C-141
c. B-52
d. SR-71

6. The military verson of the Boeing 707 isthe
a C-5
b. C-130
c. C-135
d C-141
7. T/F The C-9A isused by the Air Force to transport medica patients.
8. T/F TheT-1 Jayhawk isusad in training for pilots who will be flying fighter aircraft.
9. T/F The C-141B Starlifter has been the backbone of our srategic airlift.

10. T/F The SR-71 Blackbird isthe world' s highest flying and fastest aircraft.
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Chapter 15

Helicopters, STOL, VTOL and UAV'S (pages 331-346)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 30 minutes

Objectives. After completion of this chapter, the student should be gble to:
- | dentify at least two heavy-lift helicopters.

- | dentify & least two light-lift helicopters.

- Define STOL and VSTOL.

Pr esentation

Attention: Thelast severd chapters have been about aircraft, fixed-wing arcraft. Well,
do you know what arotor-winged aircraft is? That'sright, helicopterd

Motivation: This chapter will give you amuch better understanding of the role
helicopters have played in the evolution of aircraft.

Overview: This chapter will cover hdlicopters and how we use them. It will dso gointo
STOL and VTOL aircraft and what they can do for us.

Evaluation: Discuss the different helicopters and go over the questions at the end of the
chapter.

Assignment: Review key terms.
L esson Outline

1. Hdlicopters — have been used since the end of World War 1I. The latest pushiin
civilian helicoptersisinto the executive/business aviation fields.
a.  Military — there are only two helicoptersthat are limited strictly to military use—
the Bell AH-1 Huey Cobra and the AH-64 Apache.
1) Bell AH-1 was designed specificaly as an armed attack helicopter. The gunner
stsinfront of and below the pilot. The AH-1 isvery fast for a hdlicopter (200
mph).

79



2) AH-64 — dso designed and produced to be an attack helicopter. Itislarger and
dower than the AH-1.

. Heavy-lift Helicopters — were designed for military use, but are now used by
civilianstoo.

1) Boeing Vertol CH-47 — The CH-47 Chinook isatwin-rotor, heavy-lift
helicopter powered by two turbine engines. 1t comesin three models, with the
magjor differences being the power plants and rotor sysems. The civilian verson
iscaled Modd 234. It carries 44 passengers and is useful for carrying people and
supplies to remote Stes.

2) Boeing Vertol CH-46 —isalarge twin-rotor helicopter used by the US Navy
and the US Marine Corps as atransport helicopter for getting supplies from aboard
ship to the troops on shore.

3) Sikorsky HH-3 — comes in two models, HH-3E Jolly Green Giant used by the
US Air Force and the HH-3F Pelican used by the US Coast Guard. Both are used
for search and rescue. The Jolly Green Giant won famein the Vietnam War
where it rescued downed pilots and performed emergency evacuation.

4) Sikorsky CH-53 — avery large, heavy-lift helicopter built for use by the US
Navy, US Marine Corps and US Air Force. Navy and Marines used it for troop
trangport and cargo hauling. The Air Force used it for search and rescue.

5) Sikorsky CH-54 Skycrane — one of the largest helicoptersin the world and
holds severd world' s records for itslifting ability. This hdicopter can lift
bulldozers, road graders and armored personnd carriers.

6) Bdl UH-1 — Hueys and Iroquois are the most common helicopters used by the
military. Also used alot in the civilian market. It istheright Szefor most
trangportation and hauling jobs.

7) Sikorsky UH-60A — Thisisthe newest US Army helicopter. It was sdlected to
replace the older Hueys. The UH-60A Black Hawk is used for transporting troops
and supplies on the battlefidd. 1t is much faster than the Huey.

Light-lift Helicopters— used in the military for observation and transportation of
personnd. They are used in the civilian community for executive transport, crop
dusting, congtruction and hauling personnd.

1) Bell 206 Jet Ranger — Thisis the most popular light-lift helicopter inthe US. It
comesin four modds. They are used for supplying offshore ail platforms.

2) Bel 222 — It isafadt, quiet, long-range helicopter aimed at the executive

arcraft marker and other commercia uses.

3) McDonndll-Douglas 500D — used as light observation helicopters. There are
four models, with the E modd used widdly by law enforcement agencies.

4) Sikorsky S-76 — developed specificdly for the civilian market. It usesthe latest
technology to be one of the smoothest and quietest helicopters ever built. 1t has
many plush interiors from which to choose and is amed at the executive market.

. Foreign-built Helicopters

1) Aerospatiale — Thisis the nationd aerospace industry of France, and it is
currently producing 10 different models of helicopters.

2) Agusta— Thisis an Italian company that markets one hdlicopter, the 100A

MKII. Thisisalight-haul helicopter in competition with the Bell 222.
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3) MBB — The MBB Hédlicopter, Inc. markets the MBB BO 105 CBS, which is
imported from West Germany. It isvery popular for use in the supply of offshore
oilrigs.

e. Compound and Hybrid Helicopters — offered as improvements to the helicopter.
1) Compound Helicopters — a conventiond helicopter with extraforward thrust
provided by ether ajet or propdler unit.

2) Hybrid Helicopters— a variety of advanced helicopter concepts lumped
together. They are trying to solve the problem of using rotors for vertica takeoff
and landing without impeding forward flight.
2. Short-takeoff-and-landing Airplanes — according to the US Air Force — the ability of
an aircraft to clear a50-foot obstacle within 1,500 feet of commencing takeoff and to stop
within 1,500 feet after passing over a 50-foot obstacle when landing.

a. TheVdueof STOL — There are differences of opinion about the importance of
STOL when VTOL (vertical takeoff and landing) is being pursued. Most people
don't think that STOL will become obsolete because of VTOL.

b. Some STOL Characterigtics and Problems
1) Wingstend to belong in span.

2) Engines are rdatively powerful for the weight of the airplane and provide extra
thrust for takeoffs and landings.
3) Some have additiond airfoil areas for additiond lift.
3. Vertical-takeoff-and-landing Aircraft —the difference between STOL and VTOL is
consderable.

a VTOL Principles— Newton's 3" Law of Motion applies. As the exhaust gas or
ar isdirected downward toward the ground, the aircraft movement is upward.

b. Turboprop VTOL — the propdlerstilt sraight upward for VTOL and forward for
leve flight.

c. JetVTOL — Thejet engine can have a swiveling exhaust nozzle to provide
verticd or horizonta thrust.

1) Fan-inrwing VTOL Principle— is experimentd.

2) Combination Engines— The US Army and Air Force have experimented with

Sx jet engines, four verticaly mounted and two horizontally mounted.

3) The Harrier —has VTOL and STOL capahilities.
4. Unmanned Air Vehicles (UAV) — are smdl, pilot-less arcraft that perform missons
which do not require a pilot onboard or which is considered too dangerous or politicaly
unwise for manned flight. The missions of UAV's are dassfied as ether non-lethd or
lethdl.

Multiple-Choice and True/False Sample Test

1. Thereare only two US helicoptersthat are limited Strictly to military use — the Bell
AH-1 HueyCobra and the

a. AH-64 Apache.

b. CH-47 Chinook.

c. HH-3F Pdlican.

d. UH-60A Black Hawk.
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2. In 1967, what helicopters made the world' s first nonstop transatlantic flight by
helicopter?

a TwoAH-1s

b. Two AH-64s

c. TwoHH-3Es

d. TwoHH-53Bs

3. What isthe mogt popular light-lift helicopter built in the US?
a. Bdl 206 Jet Ranger
b. Bl 222
c. McDonndl-Douglas 500D
d. Skorsky S-76

4. The ability of an aircraft to clear a 50-foot obstacle within 1,500 feet of commencing
takeoff and to stop within 1,500 feet after passing over a 50-foot obstacle when landing
best defines

a ATOL

b. HTOL

c. STOL

d. VTOL
5. What isthe only VTOL arcraft that has been put into common use in any county?

a. 109A MK I

b. AV-8A Harrier

c. OV-10 Bronco
d. V-22 Osprey

6. F/T Aerospatideisthe nationd aerospace indudtry of Itay.

7. T/F The variety of advanced helicopter concepts can be lumped together as a
category caled hybrid helicopters.

8. T/F VTOL capatility is achieved through the application of Newton's First Law of
Motion.

9. T/F Themissons of UAVs are classfied as either non-lethd or lethd.

10. T/F A compound helicopter is aconventiond helicopter with extra forward thrust
provided by either ajet or propeler unit.
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Chapter 16

Aer ospace Or ganizations (pages 347-361)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 30 minutes

Objectives. After completion of this chapter, the student should be able to:
- Outline the higtory of the Federd Aviaion Adminigration (FAA).

- Describe the FAA air traffic control system.

- Describe the FAA system of flight standards.

- Discuss the FAA Nationa Aviation Fecilities Experiment Center and the FAA
Aeronautical Center.

- Explain the responsibilities of the National Transportation Safety Board.

- Describe the function of NASA.

- Describe the function of the ICAOQ.

- Discuss the makeup and the role of the Civil Reserve Air Flest.

- Describe the three missons of Civil Air Petrol.

- Describe the functions of AOPA and EAA.

Presentation
Attention: There are many aerospace organizations that promote aerospace functions.
Some are governmenta organizations and some are not. Most of the ones discussed in

this chapter are well known.

Motivation: This chapter will give you the opportunity to learn alittle more about some
of the aerospace organizations that you have heard of, but know little about.

Overview: Wewill begin with governmenta organizations and then move into a
discussion about non-governmenta organizations. We will talk about their functions and
responshilities.

Evaluation: Go over the questions at the end of the chapter. Y ou could give them afew
meatching questions and have them metch the organization with its function.

Assignment: Review key terms, especidly the organizations. Ahead of time, you could
request additiond informeation from the organizations.

83



L esson Outline

1. Governmenta Organizations
a. Feded Aviation Adminigration (FAA)

1) Responsible for regulating air commerce.
2) Helpsimprove aviation safety.
3) Promates civil aviation.
4) Develops and operates a common system of air traffic control.
5) Air Commerce Act of 1926 gave the FAA the responsibility for the operation
and maintenance of the airway system over the US.
6) Civil Aeronautics Act of 1938 placed dl ar trangportation regulations under
three separate agencies: the Civil Aeronautics Authority, the Office of the
Adminigtrator of Aviation and the Air Safety Board.
7) In 1940, the three agencies were reduced to two: the Civil Aeronautics Board
(CAB) and the Civil Aeronautics Adminigtration (CAA).
8) In 1958, the Federd Aviation Act changed the CAA to the Federal Aviation
Agency (FAA).
9) In 1966, it became the Federd Aviaion Adminidration.

b. Nationa Transportation Safety Board

1) A 5-member board appointed by the president of US.

2) They are appointed to a 5-year term.

3) They are responsible for determining the cause, or probable cause, of any
transportation accident.

c. Nationa Aeronautics and Space Administration
1) NASA’s misson statement:

a) To explore, use and enable the development of space for human enterprise.
b) To advance scientific knowledge and understanding of the Earth, the solar
system and the universe and use the environment of space for research.
c) To research, develop, verify and transfer advanced aeronautics, space and
related technologies.
2) NASA promotes economic growth by conducting research in partnership with
industry.
3) It preserves the environment through studies of Earth as aplanet.
4) 1t supports education by encouraging learning through many educationa
endeavors.
5) NASA research has created alarge spin-off technology. Many developments
stem from NASA research; such as pocket calculators or microwave ovens.

d. Internationd Civil Aviation Organization (ICAQO) — standardizes aviation
functions. Here are some examples of functions that are sandardized: rules of the
ar, aeronautical meteorology, aeronautica charts and symbols and airport
designations.

e. Civil Resarve Air Heet — is composed of commercid arliners, which have been
designated by the Department of Defense for use in time of national emergency. It
not only includes airplanes but dso aircrews and maintenance crews.

f.  Civil Air Petrol (CAP) —isafederaly charted, private, nonprofit corporation that
isdso the officid civilian auxiliary of the USAF. CAP has three missons.



1) Emergency Services— hdping downed arcraft and disaster relief missions.
2) Aerospace Education — devel oping an awareness of aerospace.
3) Cadet Programs — teaching and training young men and women who are

interested in aerospace and community service. Cadets are taught leadership and
management kills, moral leadership, physcd fitness, aerogpace and some flying.
2. Nongovernmental Organizations

a

b.

C.

Aircraft Owners and Pilots Association (AOPA) — It was formed to support the
rights and views of aircraft owners and pilots.

Experimentd Aircraft Associaion (EAA) - It was formed to help builders safely
condruct and fly their homebuilt aircraft.

Industry Organizations— Aerospace indudtries involved in some form of
manufacturing related to aircraft, missles, spacecraft and their parts and
acCessories.

Multiple-Choice and True/False Sample Test

1. Who isresponsble for regulating air commerce?

a

b
C.
d

AOPA (Aircraft Owners and pilots Association)

. EAA (Experimentd Aircraft Associgtion)

FAA (Federd Aviation Administration)

. CAB (Civil Aeronautics Board)

2. What law gave the Federal Government the responsibility for the operation and
maintenance of the airway system over the US?

a.
. Civil Aeronautics Act of 1938

b
C.
d

Air Commerce Act of 1926

Federd Airport Act of 1946

. Federa Airport Act of 1958

3. When an arcréft isin flight, who assgns the aircraft a certain dtitude and a specific
route to follow to its destination?

a

b.

Air Traffic Control Tower
Air Route Traffic Control Center

c. Federd Aviaion Administration

d.

Hight Service Station

4. Whereis FAA’s Aeronautica Center, which trains FAA, military and foreign
personnel to operate air traffic controllers, located?

a

b.

C.
d.

Kansas City, Kansas
Little Rock, Arkansas
Oklahoma City, Oklahoma
Omaha, Nebraska
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5. What group is responsible for determining the cause, or probable cause, of any
trangportation accident?

a. Civil Aeronautics Adminidration (CAA)

b. Bureau of Aviation Safety (BAS)

c. Feded Aviaion Adminigration (FAA)

d. Nationd Transportation Safety Board (NTSB)

6. T/F NASA’sbudget is under one percent of the federa budget.

7. T/F The Civil Reserve Air Flegt (CRAF) is composed of commercid airliners, which
have been designated by the DoD for usein time of nationa emergency.

8. T/F Thethree main missonsof Civil Air Patrol are. emergency services, aerospace
education and cadet programs.

9. T/F The Experimenta Aircraft Association was formed to help aircraft builders
safdy congruct and fly their aircreft.

10. T/F The Aircraft Owners and Pilots Associdion is an internationa organizetion
dedicated to andardizing aviation functions.
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Chapter 17

Aerospace Careersand Training (pages 362-378)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
L esson Method: Lecture
Time: 30 minutes

Objectives. After completion of this chapter, the student should be gble to:

- Explain how the aerospace age has affected education and training.

- Describe the relationship between aptitudes and careers.

- List severa reasons why junior colleges are popular and serve the educationa needs of
many people.

- Describe thetype of training available at technica/vocationa schools.

- Describe how indtitutes differ from junior colleges and technica/vocationd schools.
- Describe the types of aerospace courses taught in 4-year colleges and universities.
- Compare thetype of education received in a4-year college with that received in a
junior college, a vocationd/technical school or an inditute.

- List four ways that the Air Force helpsto train and educate their personnd.

- Describe the AFROTC program.

- Discuss the Air Force Academy’ srole in preparing officers for the US Air Force.
- State what service the Community College of the Air Force providesto Air Force
personnd.

Presentation

Attention: Today’s aerospace society is complex and dynamic, and it will continue that
way as technology advances. With the beginning of space exploration, the quest for
knowledge became more popular. The knowledge revolution or theinformetion
revolution increased people’ s awvareness exponentiadly. New industries have sprung from
this quest for information, new aerogpace industries and new caresrs.

Motivation: This chapter addresses some of the aerospace careers and training thet are

avalableto anyone. If you have any interest a dl in aerogpace careers, this chapter
should be of vaueto you.
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Overview: Let'sbegin with the aptitudes necessary for these aerospace careers and then
discuss some of the careers. After that, we will discuss some of the ways you can receive
the necessary training for these careers.

Evaluation: Go over questions at the end of the chapter.

Assignment: Review key terms.

Lesson Outline:

1.

Aptitudes and Aerospace Careers
a. Aptitudes
1) Specid tdentsand natura dbilities
2) Aptitudes — strong aptitudes in mechanicd, verba, numerica, socid and artigtic
are definitely beneficid for a successful aerospace career.
b. Aerospace Careers
1) Seelist on page 364
2) List matches careers with aptitudes.
Community Colleges— aso cdled junior colleges
a. Vey popular in recent years.
b. Students can live at home and attend classes.
C. Lesscosly than 4-year colleges.
d. Community colleges usudly have courses that hep fulfill the needs of local
employers.
e. Offer basic coursesthat are transferable to 4-year schools.
Technical/Vocational Schools
a. Providethe mgority of formal technica educationa courses.
b. Studentslearn specid trades and kills.
c. Coursesof study are about aslong as those in community college; sometimes
shorter.
d. Graduates go directly to work for private industry or government.
Indtitutes
a. They are specia schoolsthat offer only those courses and degrees that are
designed for specific career fidlds.
b. They place more emphass on subjects that are essentid to doing the job.
C. Studentscan earn abachelor’s degree.
Four-year Colleges/Universties
a. A much broader program than the others.
b. Recommended for students who don't know how they will use their education.
c. Could takelonger than an inditute due to more emphasis on humanities.
Air Force Schools
a. Education and training isimportant to the Air Force.
b. Thereisabroad range of courses open to officers and airmen to develop their
skills and knowledge.
c. These courseswill help them with their careers and help them when they get out of
the military.
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7. Air Force Reserve Officer Training Corps (AFROTC)

a. Isthe primary source of commissioned officers for the Air Force.

b. Islocated on many colleges and universities across the country.

c. AFROTC offerstwo-year and four-year programs to both men and women.

d. Studentstake AFROTC classes like any other class on campus. There are some
additiond training requirements in the summers.

e. Upon graduation from college, students receive their commission and enter the Air
Force.

8. The US Air Force Academy

a. Located in Colorado Springs, Colorado.

b. Students receive a4-year college education, plus military and physicd training.

c. US senators and representatives make most of the yearly appointments.

d. Upon graduation, the students receive a commission in the US Air Force.

9. Community College of the Air Force (CCAF)

a. Hepsarmen and noncommissioned officers by trandating what they have learned
in the Air Force in technical training and on-the-job training into college-leve
semester hours.

b. Air Force enlisted members can earn credit toward an associate degree.

c. CCAF offers associate degrees in more than 70 programs.

Multiple-Choice and True/False Sample Test

1. Specid tdents and naturd abilities are called
a étribute
b. aptitude
c. atitude
d. feding

2. Inwhich of the following schools do people learn specid trades and skills?
a community college
b. junior college
c. technicd/vocationd school
d. 4-year college

3. Which of the following is the primary source of commissoned officers for the Air
Force?

a. Air Force Academy

b. Community College of the Air Force

c. Officer Training School

d. Air Force Reserve Officer Training Corps
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4. Which of the following is not arequirement for a prospective appointee to the Air
Force Academy? A candidate must be

a. aleast 18 yearsold.

b. unmarried and have no dependent children.

c. ingood physicd condition.

d. of good mora character.

5. T/F A college or univerdty offers amuch broader education than does ajunior
college.

6. T/F During the first two years of sudy at community colleges, they offer many of the
same courses as 4-year colleges.

7. T/F Thereisadefinite relationship between aptitudes and a person’s successin
certain occupations.

8. T/F The Community College of the Air Force is designed to help Air Force officers
recaive thelr masters degrees.

9. T/F AFROTC programs offer scholarships to qudified cadets.

10. T/F One reason community colleges are popular is because they are generdly less
expendve than 4-year schools.
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Chapter 18

The Atmospher e (pages 380403)

Resour ce: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- Describe atmosphere and space as one medium termed aerospace.

- | dentify the amospheric dements.

- Recall the four ways of describing atmospheric regions.

- Define the various atmospheric regiors.

- State the genera characterigtics of amospheric pressure.

- Define the atmospheric regions.

- Describe the evaporation cycle.

- State the difference between condensation and precipitation.

- | dentify therole of particulate matter in the weter cycle.

- Define water vapor, dew-point temperature, solar radiation, sublimation, humidity,
relative humidity and condensation nucle.

- Classify the four principa waysin which hegt istransferred.

- Define insolation.

- Describe the importance of heet baance.

- Explain the Coriolis Effect.

- I dentify the types of pressure patterns used to depict pressure gradients on weather
maps.

- Describe the effect of gravity, friction and centrifugal effect (force) on the wind.
- Explain the land and sea breeze phenomena.

- Describe how turbulence can form around mountains.

- Describe the generd characterigtics of the jet stream.

Presentation

Attention: We are entering anew part of the book. This part is called the Air
Environment. In this part, we will sudy the atmosphere and the weather. We'll art
with the atmosphere. Have you ever given much thought to the atmosphere? What does
it do for us?

Motivation: Our atmosphere surrounds the Earth. It containsthe air that we breathe,
and it gives us our wesether, which helps us sugtain life. Learning more about the
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amosphere will help you better understand the world in which you live. Plus, it should
give you a better gppreciation for how our whole world interacts through our atmosphere.

Overview: Wewill begn by defining the aamosphere and describing its regions. We
will look at its makeup, and we' |l discuss the role of moisture in the atmosphere and how
this effects the circulaion of air.

Evaluation: Go over questions at the end of the chapter.

Assignment: Review the key terms.

L esson Outline

1. What isthe Atmosphere?

a

b.

C.

f.

It isthe envelope of air surrounding the Earth.

Thereis no digtinct boundary line between the atmosphere and space.

Describing the Atmaosphere

1) dements

2) regions

3) pressure

Atmospheric Elements

1) 78% nitrogen

2) 21% oxygen

3) 1% argon, neon, helium, methane, hydrogen, xenon, water vapor, carbon
dioxide, ozone, carbon monoxide, sulfur dioxide and nitrogen dioxide.
Atmospheric Regions— by temperature distribution

1) Troposphere — is where people live and where most weather occurs. It extends
to about 10 miles or 55,000 feet at the equator and to 28,000 feet at the poles. In
the troposphere, temperature decreases with an increase in height. The tropopause
is at the top of the troposphere and is the dividing line between the troposphere
and the stratosphere.

2) Stratosphere — temperature increases with an increase in dtitude. Thisregion
begins at about 10 miles and extends to about 30 miles. At the base of the
stratosphere, the temperatureis about -60° C and at the top of the Stratosphereis
reaches-40° C. At about 30 miles, the warming trend stops and there is another
dividing line caled the Sratopause.

3) Mesosphere — Thisregion starts at the top of the stratopause and at first shows a
marked increase in temperature to 10° C, then it decreases until at about 50 miles
atitude the temperature dropsto aslow as-90° C. The areaat the top of the
Mesosphere is called the mesopause.

4) Thermosphere — This region starts at about 50 miles and goes to about 300
miles. Here, the temperature increases with height. How much it goes up depends
on solar activity, but it isusudly from 750° C to 1,250° C.

Atmospheric Regions— by physicochemica processes
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1) Ozonosphere — it extends from about 10 to 30 miles. The sun’s radiation reacts
with the oxygen molecules causing them to pick up athird atom cresting ozone.
This ozone shidds us from ultraviolet and infrared radiation.
2) lonosphere — begins at about 25 miles and extends to about 250 miles. Because
of interactions between atmaospheric particles and the sun’s radiation thereis aloss
or gain of eectrons, forming ions.
3) Neutrosphere — Thisis aregion below the ionosphere that extends down to the
surface of the Earth. Very little ionization takes place here.
4) Chemosphere — It begins at about the stratopause and overlapsinto the
ozonosphere and ionosphere. A number of important photochemical reactions
take place here.

g Atmospheric Regions— by Molecular Composition
1) Homosphere — from the Earth’s surface to about 60 miles. Throughout this
region, the gaseous composition and mixing are relatively congtant.
2) Heterosphere — It begins at about 55-60 miles dtitude. Molecules are farther
gpart and gravity influencesthem So, the heavier nitrogen and oxygen molecules
are found in the lower part of this region and the lighter onesin the upper part.

h.  Atmospheric Regions— by Dynamic and Kinetic Processes
1) Exosphereis at the top of the atmosphere, above the heterosphere. The
particles of the atmosphere move in free orbits subject only to the Earth’s gravity.
2) The bottom of the Exosphere is somewhere between 310-621 miles above the
Earth's surface.
3) The upper boundary extends into space without end.

i.  Atmospheric Pressure
1) Pressureis the weight of molecules pressing down on molecules below them.
2) Pressure is grestest at the surface of the Earth and the gravitationd influenceis
aso the greatest.
3) Pressure decreases with an increase in dtitude.

2. Roles of Water and Particulate Matter

a. Water in the Atmosphere
1) Water is found mogtly in the troposphere. Some (with heavy thunderstorms),
reaches into the stratosphere.
2) Water can be aliquid (rain, lakes), solid (ice, hail or snow), or a gas (water
vapor). No matter how dry the air is, water vapor is aways present.
3) Saturated means that the parcd of air isholding dl the water vapor it can.
4) Dew-point is the temperature at which saturation occurs.
5) Condensation iswhen agasis converted to aliquid. Clouds are a product of
condensation.

b. Evaporation
1) Thisisthe process by which liquid water molecules change to a gas or water
vapor.
2) The main factor in evaporation is temperature.
3) Mot of the water vapor in the atmosphere comes from the oceans.

c. Humidity and Rdlaive Humidity
1) Humidity is the amount of water vgpor or moisurein the air.
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2) Relative Humidity isthe amount of water vapor in the air compared to its tota
capacity at that temperature.

Condensation and Precipitation

1) Clouds, fog, dew and frost are forms of condensation.

2) Rain, dest, snow and hall are forms of precipitation.

3) If visble water fdls, it is precipitation.

Dew-Point Temperature

1) Dew-Point is defined as the temperature at which saturation occurs.

2) If you add alittle bit of water to aparce of air that is saturated, condensation
will occur. Or if the temperature drops condensation will occur.

3) When the actual temperature and the dew-point temperature are the same, the
relative humidity is 100%.

Particulate Matter

1) Smadl particles of dust, sdt or soot stick to the water vapor in the atmosphere
and are called condensation nuclel.

2) They represent the beginning of condensation and become small particles of the
clouds.

3. Atmospherein Motion — the amosphere isin constant motion

a

Heat and Temperature

1) Heet isthetotd energy of al moving molecules within a substance.

2) Temperature is ameasure that expresses the average energy of molecular
moation.

Methods of Heat Transfer

1) Conduction — heating by direct contact.

2) Convection — hegt transfer by vertica motion.

3) Advection — heet by laterd transfer.

4) Radiation — heet transferred by the Sun.

Insolation — The rate a which the Earth’s surface is heated by solar radiation. The
amount of insolation received at any point depends on the angle the Sun’srays
meake with the horizon(angle of incidence), the distance of the Earth from the Sun
and the amount of radiation absorbed by the atmosphere. Insolation is greatest in
the equatorid zone.

The Heat Baance — some of theinsolation is radiated back into space or the
aimosphere. It isestimated that only about 50% of the insolation reaches the
Earth. The other 50% is reflected by the atmosphere and absorbed by the
atmosphere.

Wind —Warm air rises. When this happens, cooler air flowsin sdewaysto take
itsplace. Thislaterd movement isreferred to aswind. This happenson alarger
scaletoo. Generdly, thewarm air rises from the equator and the cold air sinks
from the poles. This, plusthe rotation of the Earth complicates the smple concept
of thewind.

Coriolis Effect — The Earth rotates in a counterclockwise direction. This rotation
causes objects in the Northern Hemisphere to be deflected to theright. It isjust
the opposite in the Southern Hemisphere.

The Pressure Gradient — smply means a pressure change with distance. A
pressure gradient exists whenever air pressure varies from one place to another.
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h. Other Factors Affecting the Wind — indude gravity, friction and centrifuga force.
Gravity tendsto pull the air downward. Friction tends to dow the air down.
Centrifugd force dows down the air with alow-pressure system and speeds up the
ar with a high- pressure system.

I. Locd and Surface Air Movements — land and sea breezes are good examples of
this. These breezes are caused by temperature differences, which cause pressure
differences, which cause ar to move. During the afternoon, the air over the water
is cooler and heavier and it flows toward land. During the evening, the air over
theland is cooler and heavier, so the breeze flows back out to the water.

j. Jet Stream —anarrow current of air that moves across the Northern and Southern

Hemispheresin waveike patterns. It is usualy 100-400 mileswide, 1-3 miles

thick and is generdly encountered at 30,000- 35,000 feet. The wind speeds range
from 150-300 mph, but speeds of 450 mph have been recorded. Its general motion
to west to east.

Multiple-Choice and True/False Sample Test

1

Most of our wegther occursin the
a  mesosphere
b. sratosphere
c. thermosphere
d. troposphere

What is the standard |apse rate?
a 1° Cddgusor 3° Fahrenhat
b. 2° Cdsgusor 3.5° Fahrenheit
c. 3° Cdsusor 2° Fahrenhat
d. 5° Cddgusor 5° Fahrenhat

When aparce of air cannot hold any more water vapor it issaid to be
a. evaporated.

b. condensed.

c. humidified.

d. saturated.

The method of heet transfer by vertical motion is called
a. conduction.

b. convection.

c. advection.

d. radiation.

Therate at which the Earth’s surface is heated by solar radiation is called
a. advection.
b. conduction.
C. inolation.
d. radiation.
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6. On aweather map, lines of equal pressure are cdled
a. gradients
b. isobars.
Cc. isotherms.
d. troughs.
7. T/IF A highisa center of high pressure surrounded by even higher pressure.
8. T/F Thelaterd movement of air isreferred to as wind.
9. T/F Hesting by direct contact is caled convection.

10. T/F Jet streams have recorded winds as high as 450 mph.
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Chapter 19

Weather Elements (pagest04-422)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:
- Define weather.

- Describe the characterigtics of air masses and fronts.

- Classify the four types of fronts.

- Describe the three generd types of clouds.

- Describe various cloud types and wegather associated with them.
- Define fracto and lenticular.

- Classify five types of fog.

- Explain how terrain affects weather.

- Describe theimpact of terrain and wind on aviation.

- Describe the generd characterigtics of wind shear.

- State the danger of wind shear to aviation.

- Define temperature inverson and microburs.

- ldentify causes of clear-air turbulence.

- Classify types of clear-air turbulence.

- Define wake turbulence.

Presentation

Attention: What is the weether going to be like today? I'll bet we have al heard that
hundreds of times. How hot isit going to be? Will it rain? These are dl very familiar
guestions about the weather and its e ements.

Motivation: This chapter will help you understand wegther a little better and maybe help
you answer those questions about the wesether.

Overview: Wewill begin by defining weether and then talk about air masses and fronts.

Then we will discuss the various clouds and how they can affect the weather. We will
end the chapter talking about winds.
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Evaluation: Go over the questions at the end of the chapter. Quiz students on the
different types of air masses and fronts.

Assignment: Review key terms.
L esson Outline

1. Air Masses and Fronts
a. Anar massisahuge body of ar that generdly has the same temperature and
moisture content with the entire mass. It usualy covers an area 1,000 or more
miles across.
b. Air Mass Type and Origination
1) P—polar, cold
2) T —tropicd, hot
3) m — maitime, humid
4) ¢ — continental, dry
c. Characterigtics of Air Masses— depend on 4 things
1) surface over which it forms
2) the season
3) surface over which it travels
4) length of time away from its source
d. Fronts— the boundaries between air masses of different characteristics
1) Cold Front — cold air comes in and pushes the warmer air aoft and out.
2) Warm Front —warm air comes in and moves over the cooler air. The cooler air
will dowly move out.
3) Stationary Front — When there isn't much of a difference between the air
masses neither one will replace the other for awhile. They become dationary.
4) Occluded Front — Occurs when awarm air mass lies between two cold air
masses.
2. Clouds
a. Cloud Types
1) Three basic cloud types. cumulus, stratus and cirrus.
2) Clouds have three genera ranges: low, middle, and high.
a) Low — from near the surface to about 6,500 ft.
b) Middle - from 6,500 to about 20,000 ft.
¢) High — from 20,000 feet and up.
3) Stratus, Altostratus and Cirrostratus
a) Status has smooth gppearance. Any precipitation will belight drizzle or light
Sow.
b) Altogratusisreatively thin and isfound in the middle range.
c) Cirrodratusiis very thin and appearsin the high range. 1t is compaosed of ice
crysds.
4) Cumulus, Stratocumulus and Cumulonimbus
a) Cumulusis puffy and looks like cotton balls. It isfound in the low range.
b) Stratocumulus is dso found in the low range and is more gray and elongated
than cumulus douds.
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¢) Cumulonimbus (CB) isthe thunderstorm cloud. A CB isacumulus cloud
with very strong vertica development.
b. Fog Types— acloud that touches the ground
1) Radiation fog forms at night when the land radiates much of the heet absorbed
from the Sun.
2) High-inverson fog is formed by the condensation of water vapor or near the
top of cool air that is covered by awarmer air layer.
3) Advection fog is formed when wind blows moist ar over a cold surface and the
surface coolsthe air to its dew-point temperature.
4) Evaporation fog occurs when cold air moves over warm water; the water’s
normal evaporation process saturates the cooler air with water vapor, and the dew
point is reached.
5) Updope fog results when wind carries moist air up amountain sope or doping
land until the air is cooled.
3. Wind Shear — Atmaospheric condition in which changes in gpeed and direction of the
wind occur. Can be dangerous for airplanes during takeoffs and landings. A microburst
isadowndraft shear associated with athunderstorm.
4. Clear-Air Turbulence (CAT) — is associated with convective currents, wind shears and
obgtructions (mountains). Can be classified as light, moderate, severe and extreme. Light
may require airplane passengers to wear seat belts. Moderate means passengers must
wear seat belts and unsecured objects move about. Severe means that aircraft may be out
of control at times and occupants are thrown against seet belts. Extreme meansthe entire
arcraft istossed about and practicaly impossible to control. Structural damage may
result.
5. Unique Wegther Patterns
a. El Ninoisthe warming of the East Pacific Ocean temperature. It occurs when
warm water moves in and displaces colder water for alonger than norma period of
time.
b. LaNinaisthe opposte. LaNinaoccurswhen the ocean temperature off the coast
is colder than normd for alonger than norma period.

Multiple-Choice and True/False Sample Test

1. Which air mass classfication refersto cold dry air?
continental polar

continenta tropical

maritime tropical

maritime polar

Qoo

2. What are the three basic cloud types?
a cumulus, stratus and cumulonimbus
b. dratus, cirrus and stratocumulus
C. dratus, dtogtratus and cirrostratus
d

. cumulus, gratus and cirrus
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3. Which of the following clouds is composed entirely of ice crystals?
cumulus

cirrostratus

nimbus

dratus

pooTpw

4. Which cloud is associated with thunder and lightning?
a drrus

b. cumulonimbus

c. nimbogratus

d. draocumulus

5. Which type of fog is formed when the wind blows moigt air over a cold surface and
the surface coolsthe air to its dew- point temperature?
a. advection
b. evaporation
c. radiation
d. updope

6. T/F A microburst is adowndraft shear associated with thunderstorms.

7. T/IF When air masses lose their punch and are not replacing one another, an occluded
front develops.

8. T/F Moderate turbulence is defined as times when the aircraft may seem out of
control, and occupants are thrown against seat belts.

9. T/F El Nino occurs when warm waters move in and displace the colder watersfor a
longer than norma period of time.

10. T/F The boundaries between air masses of different characteristics are called fronts.
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Chapter 20

Aviation Weather (pages423-442)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be gble to:
- Describe wesather conditions that reduce vighility for arrcraft.

- ldentify the forms of turbulence hazardousto aircraft.

- Classify the types of icing hazardous to aircraft.

- Define CAVU, hydroplane, VFR, IFR, MVFR, and AGL.

- Explain the three stages in the development of a thunderstorm.

- Describe the genera characterigtics of atornado.

- Explain the Fujita- Pearson Scale.

- State the generd characteritics of ahurricane.

- Explain the Saffir-Simpson Scale.

- Explain the developmenta stages of hail.

- Describe the hazards of severe wegther to aviation.

- | dentify the beneficia effects of severe wegther.

- Define thunder, lightning, atropica depression, atropica storm, cyclone, and good and
bad westher.

- Describe the characterigtics of Arctic wegther.

- State the classifications of tropic wesether.

- | dentify the hazards of Arctic and tropic weather to aviation.

- Define equatoria trough.

Presentation

Attention: Thelast couple of chapters we have been sudying weether. So, it should be
easy to see that weather can have a tremendous impact on flying. What does a pilot do
when he seeslightning? Does he fly through it or does he try to go around it?

Motivation: This chapter will familiarize you with the weather dements that cause the
most concern for flyers. All pilots should understand weether to some degree.
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Overview: This chapter will talk about weather hazards, with a particular focus on
severe weather.

Evaluation: Go over the questions at the end of the chapter.
Assignment: Review key terms and concepts.
Lesson Outline

1. Weather Hazards
a.  Reduced Vighility

1) Visud Hight Rules (VFR) — the generd flight conditions a pilot can expect a
the surface. VFR criteriamean a cloud ceiling greater than 3,000 feet and
vighility greater than 5 miles.

2) Ingrument Hight Rules (IFR) — wesather conditions a an airport that cause a
pilot to use hisingruments to asss in takeoffs and landings. |FR means a cloud
ceiling between 500-1000 feet. Vighility is grester than 1 but less than 3.

3) Clouds, Rain, Snow, Fog and Obstructions — these westher conditions can pose
hazards to flying depending on their intengity. If therainis heavy it reducesthe
vighility. Snow can greatly reduce the vighility.

4) Haze and Smoke — can dso be an obstruction. If the winds stay cam, any haze
and smoke will stay in the area, and because of pollution can become thicker.

5) Blowing Dug, Blowing Sand and Blowing Snow —these dl are picked up in
strong winds and blow about causing vishility problems for planes.

6) White Out — an optica phenomenon that requires a snow-covered surface. It
causes aloss of any reference to the horizon and any other references needed for
depth perception.

b. Turbulence
1) Ungtable air — can be caused by cumulus clouds.
2) Wake turbulence is caused by aircraft and can create swirling air currents.
c. ldng

1) Carburetor |ce —when water vapor condenses within the carburetor of an
arcraft reciprocating engine.

2) Glaze and Rime Ice — types of ice that form on the windshields of planes.
Glaze is formed when super cooled rain droplets turn to ice when they strike the
plane. Rimeice hasthat frosty appearance seen on the walls of frozen-food
lockers.

3) Frost — digturbs airflow and reduces lift efficiency. When frost gets on the
wings of planesit makesit harder for the plane to takeoff.

2. Severe Westher
a. Thunderstorms— any storm accompanied by thunder and lightning

1) The Cumulus Stage — thisis the first sage and it involves the updrafts of air

currents. The water droplets are growing to raindrop size and the clouds are
building into cumulonimbus clouds.

2) The Mature Stage — This stage is marked by the beginning of rain. Astherain

fdls, it brings air with it, developing downdrafts.

102



3) The Disspating Stage — The downdrafts produce heating and drying causing the
raindrops to weaken and dissipate. This stage usudly lasts the longest.

b. Tornadoes
1) Tornadoes congst of violently swirling winds. They occur with severe
thunderstorms.
2) If atornado touches ground, it destroys most things in its path. However, the
path iserratic. 1t may destroy one house and skip over the next one.
3) Tornadoes consst of very low pressure.
4) Refer to page 432 for the Fujita-Pearson Tornado Intensity Scale.

c. Hurricanes
1) Hurricanes are strong tropica cyclones.
2) They contain strong winds, but not as strong as tornadoes.
3) Hooding causes most of the damage with hurricanes.
4) Hurricanes have acam center. Itiscaled the“eye’.
5) Refer to page 434 for the Saffir- Smpson Hurricane Damage Potentia Scale.
6) Hail isfrozenice that can cause airplanes alot of damage. Hall can put dentsin
aplaneor car.

3. Arctic and Tropic Weather

a Arctic Westher — brings the coldest air masses.

b. Tropic Weather — brings hot air masses and normally they contain lots of
moisture.

Multiple-Choice and True/False Sample Test

1. Visud Hight Rules (VFR) apply when
a. theceilingis 1,000 feet or higher and the visihility is 1 mile or greeter.
b. thecalingis2,000 feet or higher and the vighility is2 miles or greter.
c. thecalingis 3,000 feet or higher and the vighility is5 miles or gresater.
d. theceilingis 5,000 feet or higher and the vighility is 7 miles or grester.

2. What are the three stages of athunderstorm?
a. beginning, middle and end
b. building, mature and disspating
c. cdm, developing and violent
d. ran, lightning and thunder

3. Where do tornadoes most often occur?
North Americaand Centrd America
South America and Africa

Asaand Africa

Audrdiaand North America

op oo
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4. Hurricane winds of 160 mph would cause the hurricane to be classified as a category
a l

cogo
~N 01w

5. What diginguishesthe “eye’ of ahurricane?
a. Itisthe mog violent part of astorm.
b. Itistheleading edge of atorm.
Cc. Itisthecam center of astorm.
d. Itisthetraling edge of agtorm.
6. T/F Flood damage is often amagjor problem associated with hurricanes.

7. T/F Hailstones, the size of basebdlls, are estimated to occur in 1 out of every 100
thunderstorms.

8. T/F A tornado has been observed in every gate in the continental US.
9. T/F Rimeice hasthat frosty appearance seen on the walls of frozen-food lockers.

10. T/F Blowing sand is seldom lifted more than 50 feet above the surface.
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Chapter 21

Rocket Fundamental S(pages 443-459)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 30 minutes

Objectives. After completion of this chapter, the student should be gble to:

- Explain why arocket engineis caled areaction engine.

- Identify the country that first used the rocket as a weapon.

- Compar e the rocketry advancements made by Eichgtadt, Congreve and Hale.

- Name the scientist who solved theoreticaly the means by which arocket could escape
the Earth’ s gravitationd fied.

- Describe the primary innovation in rocketry developed by Dr. Goddard and Dr. Oberth.
- Explain the difference between gravitation and gravity.

- Describe the contributions of Galileo and Newton.

- Explain Newton'slaw of universa gravitation.

- State Newton' sthree laws of motion.

- Define force, velocity, acceleration and momentum.

- Apply Newton'’s three laws of motion to rocketry.

- | dentify two ways to increase the thrust of arocket.

- State the function of the combustion chamber, the throat, and nozzle in a rocket
engine.

- Explain which of Newton's laws of motion is most applicable to rocketry.

- Name the four mgjor systems of arocket.

- Define rocket payload.

- Describe the four mgor systems of arocket.

- List the components of arocket propulsion system.

- | dentify the three types of rocket propulsion systems.

- Name the parts of arocket guidance system. Name four types of rocket
guidance systems.

- Define specific impulse.

- Define dengty impulse.
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Presentation

Attention: Thereisan explanation for everything arocket does. The explandtion is
usudly based on the laws of physics and in the nature of rocket propellants.

Motivation: This chapter will help us understand Newton's laws and some other facts
that will apply to rockets.

Overview: Let'sbeginwith some history about rockets and then talk about Newton's
Laws of Mation. We will finish the chapter talking about rocket systems.

Evaluation: Go over the questions at the end of the chapter.

Assignment: Review key terms.

L esson Outline

1. History of Rockets

a

b.

C.

The Chinese first used rockets in 1220. A few yearslater, they were dso the first
to use them as wespons.

Between the 1400s and the 1700s, many rocket experiments were conducted.

At the end of the 18" century, Colonel William Congreve added flight- stabilizing
guide sticks to the rockets and built the first launching pad. Heincreased the
range of arocket from about 300 yards to severa thousand yards.

William Hale developed a technique called spin sabilization.

IN1903, Kongtantin Tsolkovsky, a Russian scientist, proposed the idea of usng
rockets for space exploration.

Early in the 20" century, Dr. Robert Goddard conducted many rocket experiments.
Hewasthe first to use liquid propd lants, which became the forerunner for today’ s
rockets. Heisknown as the father of modern rocketry.

2. Newton's Laws

a

b.

C.

Gravity istheforce of atraction that exists between dl matter within the universe.
Newton believed that bodies in space were attracted to each other.

Newton's Law of Universd Gravitation defines the relationship of force, weight
and mass. Thislaw states that two bodies attract each other with aforce directly
proportiond to their mass and inversay proportiond to the square of the distance
between them. This meansthat as either or both of the massesincrease, the force
increases, but that as the distance increases, the force decreases.

Newton's Laws of Motion

1) First Law of Motion states that a body in a state of rest and a body in motion
tend to remain at rest or in motion unless acted upon by an outside force.

2) Second Law of Motion states that the rate of change in the momentum of a
body is proportiond to the force acting upon the body and isin the direction of the
force.

3) Third Law of Motion states that to every action, there is an equa and opposite
reaction.

3. Application of Newton's Laws to Rocketry
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a 1% Law —when launching arocket verticaly, the propulsion system must produce
enough force (thrust) to overcome the inertia of the launch vehicle.
b. 2" Law —f=ma, or force equals mass times acceleration. The more mass, the
more force required to accelerate it.
c. 3Law — Thethrust produced is a reactive force acting in a direction opposite to
the direction of the exhaudt.
4. Rocket Systems — there are 4 mgjor systems
a. Airframe sysem — servesto contain the other systems and to provide the shape.
b. Propulson system — includes everything directly associated with propelling the
rocket.
c. Guidance sysem — isthe brain of the rocket. Employs a computer that is
programmed for the desired flight trgectory.
d. Control system— steersthe rocket to its destination and also keeps the rocket stable.
5. Specific Impulse and Density Impulse
a.  Impulse meansthrust and is the measure of how much thrust will be obtained from
apropdlant.
b. Specificimpulseisthe number of pounds of thrust delivered by consuming one
pound of propelant in one second.
c. Dendty impulseisameasurement of apropelant’s thrust according to the volume
involved.

Multiple-Choice and True/False Sample Test

1. What country first used rockets as a weapon of war?
a. China
b. England
c. Japan

d. Rusda

2. Who added flight-gahilizing guide sticks to rockets and built the first viable launching
pad?

Christopher Geisder

Konrad Kyeser

William Congreve

William Hde

00T

3. Who wasthefirg scientist to use liquid propelants and is known as the father of
modern rocketry?

William Congreve

William Hae

Robert Goddard

Hermann Oberth

cooTo
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4. Who gave usthe Law of Universd Gravitation that defines the relationship of force,
weight and mass?

Gdileo

Goddard

Hde

Newton

op oo

5. To every action, thereis an equa and opposite reaction, is Newton's
a. Frs Law of Motion.
b. Second Law of Mation.
c. Third Law of Mation.
d. Fourth Law of Motion.

6. Which rocket system contains the other systems and provides the streamlined shape?
a. arframesysem
b. propulsion system
C. guidance system
d. control system

7. T/F Specificimpulseisthe number of pounds of thrust delivered by consuming one
pound of propellant in one second.

8. T/F The guidance system isthe brain of alarge sophisticated rocket.
9. T/F In Newton's Second Law of Maotion, the M in his equation stands for motion.

10. T/F Kongantin Tsolkovsky made the first computations for rocket flightsinto
space.
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Chapter 22

Chemical Propulsion (pagesss0-475)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
L esson Method: Lecture
Time: 30 minutes

Objectives: After completion of this chapter, the student should be able to:
- Explain oxidation.

- State the difference between an oxidizer and a reducer.

- Define cryogenics, hydrocarbons and a self-reacting compound.

- State the difference between a propelant, bipropelant and monoprope lant.
- List thefour qualities of agood propel lant.

- Explain why arocket propellant does not need air.

- Explain the difference between an ar-breathing engine and arocket engine.
- Define hypergolic propelants mass flow and low explosives.

- ldentify away to get more force from aload of propellant.

- Describe the purpose of the rocket engine.

- Describe the function of the rocket motor throat and nozzle.

- Compare the features of the liquid and solid propellant chemicad systems.
- Name two systems that use solid propel lants.

- Describe the solid propellant chemica system.

- Explain how the burning rate of solid propellants is controlled.

- State the purpose of asquib in asolid propellant rocket.

- Describe aliquid propdlant engine system.

- Discuss the combustion chamber of aliquid propdlant system.

- Explain the function of the coupled vave in a combustion chamber.

- Explain the function of the injector in aliquid propelant engine.

- Describe the hybrid propellant system.

- State the advantages of a hybrid propdlant system.
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Presentation

Attention: We have come along way in the field of rocketry snce Dr. Robert Goddard
began using liquid propdlants. However, liquid propellants are till avery popular
choice for the rockets used with spacecraft.

Motivation: This chapter will delve alittle deeper into the world of propellants. This
chapter should gresetly increase your knowledge of propdlants and how we use them.

Overview: Wewill begin with the concepts of oxidation and combustion and then move
into our discussion of propelants.

Evaluation: Go over questions at the end of the chapter.
Assignment: Review key terms and concepts.
L esson Outline

1. Oxidation and Combustion — oxidation is the combining of oxygen with ancther
ubstance. Combugtion is very rapid oxidation.

a. Oxidizers and Reducers— oxygen in its pure form, astwo moleculesisan
oxidizer; rocket fuels are cdled reducers. Reducers contain hydrogen, carbon and
nitrogen.

b. Propdlant Combinations— It takes both an oxidizer and areducer to propd a
rocket, so they can be caled propdlants. If the oxidizer and reducer are stored in
different containers, the term bipropdlant isused. If the same storage tank is
used, the term monopropel lant is used.

2. Combustion for Propulsion — the qudities of agood propdlant are: 1) The propdlant
must contain oxidizer and fudl. 2) It must ignite correctly every time. 3) It must produce
energy in the form of force. 4) The force produced must be controllable.

a. Need for Packaged Oxidizers — must be placed in a concentrated package or it
will burn.

b. Ignition Characterigtics— the propellant must start every time and must Sart
eedly.

c. Energy for Force — the momentum of moving molecules.

d. Controllable Force — the speed of the combustion should be fast but not too fast.

e. Pressure and Mass Flow — the rocket engine provides a container that will
increase the temperature which will increase the pressure.

3. Solid Propdlants and the Solid-Propdlant Engine
a. Solid Propdlants— the fud and oxidizer are mixed together from the dart.
b. Chemica and Physicd Properties—today’ s solid propel lants are compositesin
which the fuel and oxidizer are two different compounds. Polyurethane fud base
IS the most common solid-fud mixture
c. Grain Desgnand Thrugt Control — the grain of a skyrocket most likely isasolidly
packed propellant, with a gpace for ignition between the charge and the nozzle.
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The thrugt contral is aso thought of asthe burn rate. Using different propellant
mixtures for the grain that have different burn rates can contral it.

d. Igniters— solid propellants are ignited by a composition that both heats the grain to
ignition temperature and increases the pressure. Two igniter compositions
frequently used are common gunpowder and a metal-oxidizer mixture such as
magnesium and potassum perchlorate.

4. Liquid Propdlants and the Liquid- propdlant Engine

a. Liquid Propdlants — two classfications — bipropdlant and monopropdlant. When
the oxidizers and fuels are separated they are bipropdlants. When they are
together they are monopropellants. Bipropellants are more stable and capable of
better performance. A monopropellant only requires haf the storage, pumping
and contralling equipment, but it is sengtive to temperature and shock, therefore
more unstable.

b. TheLiquid-propdlant Engine— contains propellant tanks, a combustion chamber
and ameans of forcing propellants through the valves to the chamber.

c. Combustion Chamber — isthe heart of the liquid-propellant engine. Severd
combustion phases take place here: 1) atomizing, 2) mixing, 3) preheeting to
ignition temperature and 4) the reaction of the propedlant

d. Vaves—they rangein type and Sze depending on their specific functions.

e. Injector — itsfunction issSmilar to a carburetor; it atomizes and mixes fuel and
oxidizer.

5.Hybrid Propellants — this term applies to rockets that use both liquid and solid
propellants in combination within the same engine.

Multiple-Choice and True/False Sample Test

1. What is nathing more than very rapid oxidation?
a. cryogenics
b. hypergolics
c. combustion
d. thrust

2. The substance to be oxidized is known as the
a. combuster.
b. oxidizer.
c. propdlant.
d. reducer.

3. If the oxidizer is stored in one container and the reducer in another, the term
IS used.
bipropd lant
monoprope lant
propellant
cryogenic propdlant

op o
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4. Which of the following isnot a characterigtic of a good propellant?
a. It mug contain an oxidizer and fud.
b. It must produce energy in the form of force.
c. It mugignite correctly at least every other time.
d. Theforceit produces must be controllable.

5. Increase the temperature of amedium and its molecular activity and pressure will
a. increase.
b. decreaseat firdt, then increase.
C. decreasedramaticaly.
d. not change.

6. Thegrain design that produces the most thrust shortly after ignition, and then
diminishes theresfter is caled

a. progressive design.

b. neutrd design.

C. regressvedesign.

d. none of the above.

7. There are two generd classfications of liquid propdlants.
a. hot and cold
b. gasand s0lid
c. oxidizer and reducer
d. bipropdlant and monoprope lant

8. T/F The combustion chamber isthe heart of the liquid-propellant engine.

9. T/F The polyurethane fud base of the most common solid-fud mixtureis atype of
gynthetic rubber.

10. T/F Hybrid propdlant sysems use only liquid propellants within the same engine.
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Chapter 23

Orbitsand Trajector ies pages 476-495)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- Describe orbits and trgectories.

- Define inatia

- Explain how a satdlite remainsin orbit.

- | dentify the closest and farthest points of an object in orbit about Earth.

- | dentify the closest and farthest points of an object in orbit about another planet and
about the Sun.

- Explain what happensiif the velocity of an object in orbit isincreased.

- | dentify the components that comprise the takeoff mass of arocket.

- Describe escape velocity.

- Define burnout velocity.

- Describe the effect of Earth' s rotationa and orbita velocities on the launching of a
saellite.

- Definetota veocity requirement.

- Describe bdlidtic flight.

- Describe asounding-rocket flight.

- Name the two basic types of orhits.

- Describe why lower velocities are required for satellites to stay in orbit at higher
atitudes.

- Describe coplanar transfer.

- Explain acircular orbit.

- Explain the Hohmann transfer.

- Explain the fast transfer method for launching avehicle.

- Describe a non—coplanar transfer.

- Explain a geostationary orhit.

- Explain why a satellite might be placed into polar orbit.

- State areason for placing a satellite into sunsynchronous orbit.

- Describe the Titan IV launch vehicle.

- Describe the Atlas and Delta launch vehicles.
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Presentation
Attention: Have you ever wondered how satellites stay out there in space?

Motivation: WEel, this chapter should answer that question and help you understand
more about how satellites are affected by orbits.

Overview: We will begin this chapter by defining some terms and then discuss the basic
orbitd trgjectories.

Evaluation: Go over questions at the end of the chapter.
Assignment: Review key terms and concepts.
Lesson Outline

1. Orbit and Trgectory Defined — orbit means a path described by one body in its
revolution about another body. Trgectory isapath of abody through space.

a. Basic Orbital Trgectories— an orbit affects a balance between the gravitationa
and inertid forces. The farther away two objects are from each other, the less
effect their mutud gravitation will have. The only way to keep an object from
fdling to Earth isto produce aforce that is equa and oppodte to the gravity and
which balances the gravitationd attraction. Thisis exactly what a satdllite does,
and the equal and opposite forceistheinertid force or centrifugal effect.

b. Circular orbit — an orbit that maintains a virtualy congtant dtitude above the
Earth's surface.

c. Hlipticd orbit — any closed orhit that isnot circular. All éliptica orbits around
Earth have an gpogee and a perigee. Apogee is the point on the orbit where the
object isthe farthest away from the body being orbited. The perigeeis the point
where the object isthe closest.

d. Equatorid orbit — the satellite travels from west to east over the Earth’ s equator.

e. Escapetrgectory — Inlaunching a spacecraft, it is necessary to accelerate the
spacecraft to its escape velocity (about 25,000 mph).

2. Vdocity Requirements — this means the velocity required in order to travel acertain
peth.

a. Burnout Veocity - the velocity that is required to place a spacecraft on its
intended trgjectory in order to atain burnout.

b. Totd Veocity Requirement — adding dl velocity requirements for dl stages of the
misson.

3. Bdlidic Trgectories

a. Bdlidicsisthe study of the arc of anon-orbiting bodly.

b. Bdlidic flight is concerned with propelling an object from one place on Earth’s
surface to another place or target on Earth’s surface.

c. All bdlidtic trgectories behave asif they were going into an dliptica orbit around
Earth’s center of gravity.

4. Sounding-rocket Flights
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a. Thetrgectory of asounding rocket is straight up.
b. Rockets sent into the Earth’ s atmosphere and beyond, on aone-way trip, are
caled sounding rockets.
5. Types of Orbits

a. For sadlites, there are two basic orbits— dlipticd and circular.

b. Thelowes orbit isan approximate circular one a 100 NM of dtitude, with an
injection velocity of 17, 454 mph required.

c. For any higher orbits, higher velocities are needed to reach higher dtitudes.

6. Circular Orbits and Transfers— to change from an dliptica orbit to acircular orbit
required added thrugt. Circular velocity minus gpogee velocity gives the amount of kick
needed to circularize an orbit a a given dtitude.

a. TheHohmann Trander — isa practica method of space maneuver. Thevehicleis
placed into alow-dliptica parking orbit. When the vehicle swings around to
perigee, sufficient thrust is applied to push the vehicle to gpogee at the desired
dtitude. When the vehidle reaches the high point of thistransfer, thrust is gpplied
again and the vehicle moves out on acircle that is tangent to the trandfer dlipse.

b. Other Coplanar Transfers— afaster transfer can be accomplished by choosing a
trgectory that intersects or crossed the two orbits.

c. Non-coplanar Transfers — avehiceis launched to its minimum angle and when the
satellite passes the Equator, thrust is applied to get on an orbit coplanar with the
Equator.

7. Special Orbits
a. Geoddionary Orbit — satellite is kept in an orbit stationed above one point on the
Earth’s surface.
b. Polar Orbit — involves a path that crosses or nearly crosses the North and South
Poles during each orhit.
c. Sunsynchronous Orbit —it'saform of apolar orbit that keeps a satellite exposed to
congtant sunlight.
8 Launch Vehicles

a. If the payload of arocket is asatdlite or a spacecraft rather than awarhead, the
vehicleis cdled alaunch vehicle or abooger.

b. Therearetwo categories of launch vehicles — expendable and reusable. Rockets
that are only used once are consdered expendable. The Space Shuittle is the only
reusable vehicle we have,

C. Refer to the launch vehicle chart on page 492.

Multiple-Choice and True/False Sample Test

1. Anorbit that maintains avirtudly congtant atitude above the Earth’ s surface isaan
a. apogee orhit.
b. crcular orbit.
c. dliptica orbit.
d. escape orbit.
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2. The point where the orbiting body is closest to the body being orbited is caled
a apogee.
b. burnout
c. dlipticty
d. perigee

3. At the moment arocket engine ceases to produce thrugt, it isat
a. apogee.
b. burnout.
c. dlipticity.
d. perigee.

4. All baligtic trgectories behave asif they were going into an orbit
around Earth’s center of gravity.

a. apoged

b. dliptica

c. equatoria

d. escape
5. T/F Sounding is associated with measuring or sampling the depths of a body of water.
6. T/F Vdocity requirement means the velocity required in order to travel a certain path.

7. T/F The adding together of al the velocity requirements for dl stages of the misson
is cdled maximum velocity requirements.

8. T/F TheHohmann transfer pertains to boosting a satellite into a chosen orbit.

9. T/F A form of polar orbit that keeps a satdllite exposed to congtant sunlight iscalled a
sunsynchronous orbit.

10. T/F There are two basic categories of launch vehicles — expendable and reusable.
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Chapter 24

Space Environment (pages 496-521)

Resource: Aerospace: The Journey of Flight, Civil Air Patrol, 2000

Lesson Method: Lecture

Time 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- List four reasons to explore and exploit space.

- Define the lower limits of space.

- Define cidunar space.

- Describe the contents of cidunar space.

- Describe interplanetary space.

- Describe interstellar space.

- Describe the characteristics of the Sun.

- Describe the solar magnetic fidd.

- ldentify two solar cycles.

- Identify the divisons of the Sun’s amosphere.

- | dentify three solar phenomena.

- Define solar wind.

- I dentify three categories of solar emissions and their sources.
- Describe the Earth’s ionosphere.

- State the causes of ionization.

- | dentify types of ionospheric behavior.

- Define atom and ion.

- Describe the generd characteritics of the magnetosphere.
- Explain the effect of solar wind on the magnetosphere.
- Describe cosmic rays.

- Describe the gtructure of the Van Allen rediation belts.
- | dentify the content and cause of the belts.

- State the hazards identified with the belts.

- Describe the characterigtics of magnetic storms.

- I dentify the effects of the space environment of communications.

- | dentify the effects of the Earth’ s atmosphere on spacecraft.
- | dentify the effects of vacuum on spacecraft.
- Describe the eectrostatic charging, which affects spacecraft.
- Explain the dangers from callisions in space.

- | dentify the effects of the gpace environment on manned operations.
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Presentation

Attention: Space, thefina frontier. We have probably al seen science fiction movies
about space. What isit redly like? What is out there?

Motivation: This chapter should go along way in answering some of the questions
about space that you might have. The exploration of space should be important to you.
Many scientists believe that many of uswill one day have the opportunity to trave in
space.

Overview: Wewill define space and talk about some of the fascinating facts about its
environmen.

Evaluation: Go over questions at the end of the chapter.
Assignment: Review key terms and concepts.
Lesson Outline

1. Definition of Space— it begins where the Earth’ s atmosphere leaves off. NASA says
that at 50 miles a person earns astronaut wings. However, the dtitude needs to be about
80 milesfor an orbiting object to stay in orbit. Regardless of where it garts, it extends
indefinitely.
2. Cidunar Space
a. Description — the space between the Earth and the moon. This space varies with
the seasons, but the average distance is 237,087 miles.
b. Contents— part of the magnetosphere isfound here. Meteoroids, asteroids and
comets are aso0 found here. Cidunar space is not void, but it isn't crowded either.
3. Interplanetary Space — is messured from the center of the Sun to the orbit of its
outermost planet.
4. Interstellar Space — the distance between the extent of one solar system, and the
beginning of ancther solar system.
5. Sun
a. Characterigtics of Our Sun — it isthe center of our solar system. It isamedium-
Szeda. The Sun'sdiameter is 864,000 miles. The Sun’'smagnetic fidd isa
least 100 times stronger than Earth’'s. The Sun emits a tremendous amount of
energy. Itisgeneradly accepted that the Sun is a giant thermonuclear reactor. The
Sun is plasma, not a solid body.
b. Solar Atmosphere — congsts of photosphere, chromosphere and corona
1) photosphere — the portion of the Sun that gves off light. 1t isavery thin cell
made of mostly hydrogen and helium. Sunspots are found here. Sunspots appear
darker because they are cooler than the surrounding plasma
2) Chromosphere — a sphere of color that extends to about 15,000 miles. It is
characterized by spicules. Spicules are hair-like projections that shoot up from the
surface of the Sun.
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3) Corona— is an enormous area of faint white light that extends for 3-4 million
miles. Steady emissions from the Sun are called solar wind. These are extensons
of the Sun’s corona into interplanetary space.
6. Space Environment Around the Earth
a. lonosphere — azone of dectricadly conductive layers in the upper amosphere. In
this region, the gas particles are ionized or charged.

1) Characterigtics of the lonosphere

2) Theatom

3) Theion —isan aom that carries apostive or negetive dectrical chargeasa
result of losng or gaining one or more electrons.

4) Causes of lonization — powerful ultraviolet radiation from the Sun and the ultra:
high-frequency cosmic rays from the stars.

5)lonospheric Behavior — sunspots, solar flares, and other disturbances on the
surface of the Sun produce fluctuations in the output of the Sun’srays. These, inturn,
produce ionospheric disturbances.

b. Magnetosphere and Solar Wind

1) Magnetosphereis the region of the Earth’ s atmosphere where ionized gas plays

abig part in the dynamics of the atmosphere and where the geomagnetic fied

plays an important role.

2) The solar wind strikes the magnetosphere with considerable force and forms a
bow shock wave where the magnetic lines of force of the magnetic field are struck by the
solar plasma.

c. VanAllen Radiation Bdts

1) Cosmic Rays— energetic charged particles fromal over the gdaxy that

continuoudly rain down upon the Earth.

2) Van Allen Radiaion Bets— are filled with charged particles. They are the

product of interaction between the Sun and the Earth.

a) Structure of the Belts— crescent shaped in cross section and composed of
two shells. The horns of the crescents dip toward Earth’s magnetic poles.
b) Content and Cause of the Belts — caused by the Sun congtantly emitting
charged particles. These particles are mainly protons and eectrons traveling a a
million miles per hour as a plasma
¢) Radiation Hazards — sustained exposure to the radiation would kill humans.
d. Effectsof Solar Disturbances

1) Magnetic Storms are characterized by a sudden onset of radiation burgtsin

which the magnetic field undergoes marked changes in less than an hour. Thisis

followed by a gradua return to normalcy, which may take severd days.

2) Polar Magnetic Storms are solar disturbances observable only in the polar aress.

These storms produce sporadic radiant emissions from the upper atmosphere over

middle and high latitudes. These emissons are called aurora boredisin the

northern latitudes and aurora audrdis in the southern latitudes.
7. Environmenta Effects on Space Operations
a.  Communications— problems caused by environmenta factors

1) Not dl radio frequencies are useable.

2) Scintillation — electron dengity variations in the ionosphere cause rapid changes

inradio sgnds.
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3) Solar flares causes solar radio burdt, which jams the radio for afew minutes.
Spacecraft — space environment can be hogtile to spacecraft

1) Atmosphere — can cause drag on the spacecraft and dow it down. It can aso
cause oxidation from the free oxygen atoms.

2) Vacuum — materids used in the pacecraft can contain tiny bubbles of gas,
which can escape when the pressureis removed.

3) Electrogtatic Charging — many parts of the spacecraft carry shock; therefore
smal parts of the craft can be shocked.

4) Collisons— biggest worry about collisonsis with space debris. NORAD
currently tracks over 8,000 orbiting pieces of debris that are baseball size or larger.
It is estimated that there are billions of much smaller pieces.

Manned Operations — man wasn't designed to live in space. So, alot of
weightlessness and psychologicd training must take place before humans go into
space.

Multiple-Choice and True/False Sample Test

1. The space between the Earth and the Moon is called

a
b.
C.
d.

cidunar space.
interplanetary space.
interstellar space.
solar space.

2. The portion of the sun thet gives off light isa very thin shell cdled the
a. corona.
b. filament.
c. chromosphere.
d. photosphere.

3. Thesun'sdiameter isamost miles.
a 1,000
b. 10,000
c. 100,000
d. 1,000,000

4. Auroraboredisis associated with what zone of dectricadly conductive layersin the
upper atmosphere?
a. chromosphere

b.
C.
d.

ionosphere
magnetosphere
plasmasphere
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5. They are thought to be crescent-shaped in cross section and composed of two shells.
The horns of these crescents dip toward Earth’s magnetic poles. What does this
describe?

a. cosmicrays

b. auroraaudrdis

c. Solar winds

d. VanAllenradiation bets
6. T/F Meteoroids, asteroids and comets can al be found in cisunar space.
7. T/F Oneparsecis 3.26 light years.
8. T/F Sunspots are enormous areas of the sun where the photosphereis dark.
9. T/F Solar winds are not affected by the Sun’s 11-year cycle.

10. T/F Anionisan aom that carries only anegative dectricd charge.
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Chapter 25

Our Solar System (pages 522-550)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be gble to:
- Describe the characteristics of Mercury.

- Describe the characteristics of Venus.

- | dentify the different programs that sent spacecraft to observe Venus.
- Describe some of Earth's characteristics.

- State basic Moon facts.

- Describe the physica features of the Moon.

- Describe the basic types of Moon rocks.

- Describe the results of the Mariner probes of Mars.

- Describe the results of the Viking probes of Mars.

- Describe the characterigtics of the planet Jupiter.

- Explain the results of the Pioneer probes of Jupiter.

- Describe the results of the Voyager probes of Jupiter.

- Describe the characterigtics of the planet Saturn.

- Describe the ring system around Saturn.

- Describe the characterigtics of the planet Uranus.

- Explain the results of the Voyager 2 probe of Uranus.

- Describe the characterigtics of the planet Neptune.

- State the characterigtics of the planet Pluto.

- Describe the location of the asteroid belt.

- Explain the characterigtics of an asteroid.

- Describe the characteristics of a comet.

- | dentify the results of the probes of Comet Halley.

- Describe the characteridtics of the Milky Way.

- Define nova, supernova, pulsar, Black Hole phenomenon, nebulae, light year and
parsec.
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Presentation
Attention: How many of the planetsin our solar system can you name?

Motivation: Waell, after sudying this chapter you should be able to namethem dl. Plus
you will learn something about them too.

Overview: Wewill go over them in the order of their distance from the Sun, garting
with the closest one, Mercury. We will dso tak about other phenomenain our solar
sysem.

Evaluation: Go over questions at the end of the chapter.
Assignment: Review key terms.
L esson Outline

1. Mercury
a. Closest planet to the Sun, and revolves around it in 88 days.
b. Mercury takes 59 Earth days to rotate on its axis.
c. Mercury hasarocky, crusty surface with many craters. It has no atmosphere
except for smal amounts of helium and hydrogen.
d. Daytime temperatures reach 750°F and at night temperatures reach -330°F.
2. Venus
a. Isthe nearest planet to Earth in both distance and size.
b. Venustakes 225 Earth daysto orbit the Sun and 240 Earth days to complete one
rotation on its axis.
c. Itistheonly planet known to rotate onits axisin a clockwise (east to west)
direction.
d. Venusiscovered with athick blanket of clouds made of water vapor and sulfuric
acid. The cloudsrotate every four days, much different than the planet.
e. Venusis 96% carbon dioxide and 4% nitrogen.
Because the clouds hold the hest in, the temperature on Venus doesn't change that
much. Venusisthe hottest planet with atemperature of dmost 900°F.
0 Venusisthe easest planet to see at night and the brightest too.
3. Earth
Earth is 78% nitrogen and 21% oxygen.
Earth revolves around the Sun in 365 days and rotates on its axis every 24 hours.
Earth is covered with over 70% weter; over 50% of that is the Pacific Ocean.
Asfar aswe know, Earth isthe only planet that sustainslife.
Earth’s Moon — average distance from Earth is about 235,000 miles.
The Moon’s orbit around the Earth is about 27 days.
The Moon's temperature reaches about 270°F during the day and drops to about
-250°F at night.
h. A fine dust coversthe surface of the Moon, dong with many rocks and craters.
4. Mars

o
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5. Jupi

a

b.

C.

d.

e.
f.

g

Is known as the Red Planet and appears as asmadl reddish light when viewed by
the naked eye. The color comes from the reddish rusty-looking dust on Mars.
The surface is covered with deserts, high mountains, deep craters and huge
volcanoes.

One day on Marsis 24 hours, 37 minutes. A Martian year lasts 687 Earth days.
Mariner and Viking probes have been flying by or landing on Mars for over 30
years. 1n 1997, the Mars Pathfinder with its rover Sojourner landed on Mars and
anadyzed its amosphere and the composition of Mars.

Mars warms up to about - 18°F during the day and gets aslow as-130°F & night.
ter

Jupiter isby far the largest planet in our solar system.

Jupiter rotates very quickly, about every 10 hours. This causes high winds and
giant sorms.

Jupiter isagas giant. Hydrogenis the most prominent gas, followed by helium,
methane and ammonia.

The outer core of Jupiter is composed of liquid hydrogen and helium, and these
mix with the gaseous aimosphere to form colorful clouds. Thereisdso agiant red
spot in the lower hdf of Jupiter. This spot isagiant sorm that is 30,000 miles
long and 10,000 mileswide.

Jupiter has 16 known moons. Jupiter revolvesin about 11 Earth years.

Its temperature ranges from 60,000°F at its center, to -220°F at the upper cloud
layers.

The Pioneer and Voyager probes have studied Jupiter for years.

6. Saturn

a

7.

cCQ@™oao

Saurn isknown for itsrings. They areicy chunks of rock ranging from tiny
particlesto large boulders. The main rings are made of hundreds of narrow
ringlets. Thering sysemisabout 1 mile thick and extends about 250,000 miles
from the planet.

Saturn has anicy rock core surrounded by metalic hydrogen with an outer layer of
hydrogen and hdium.

Saturn rotates in 10 hours, but it takes over 29 yearsto revolve around the Sun.
Saturn has very strong winds. They have reached 1,100 miles per hour.
Daytime temperatures get to 130°F, while a night they reach -330°F.

Saturn has 18 known moons, one of them, Titan, has an atmosphere of its own.
Pioneer and Voyager missions have explored Saturn since the late 1970s.

ranus

)

e.

8. N

Uranus has arocky core surrounded by water, ammonia and methane, in both ice
and liquid form.

The outer layer of Uranus conssts of hydrogen and helium. Methaneisdso
present in the upper amosphere. This gives Uranus a bluish greenish color.
Uranus rotates every 18 hours and spins Sdeways.

Uranus takes 84 yearsto orbit the Sun. Uranus has 42 years of daylight, and then
it has 42 years of darkness.

The temperature is about - 340°F on Uranus.
tune

124



a. Neptuneis about 3 billion miles from the Sun, and it takes 165 Earth yearsto
complete an orhit.
b. A Neptune day lasts about 19 hours.
c. It hasarocky core surrounded by water, ammonia and methane.
d. Theamosphere conssts of hydrogen, helium and methane. The methane gives
Neptune a bluish color.
e. Neptuneisthewindiest planet in our solar sysem. Winds blow about 1,500 miles
per hour on Neptune.
9. Puto
a. Putoisydlowishin color.
b. It rotatesonitsaxisin about 6.5 Earth days.
c. Itorbitsthe Sunin 249 years, however, for 20 of those years, its orbit isinsde of
Neptune's.
d. Plutois50%- 75% rock mixed withice.
e. Pluto’ stemperature varieswiddy becauseits orbit takes it as close to the Sun as
2,939 million miles and asfar away as 4,583 million miles,
10. Other Bodies

a. Aderoids— are rocky and metdlic objects orbiting the Sun. They are too smal
to be considered planets. They range in size from adiameter of 623 miles, to the
Sze of pebbles. The main belt of asteroids lies between the orbits of Mars and
Jupiter.

b. Comets—asamal, irregularly shaped body whose tiny nucleus is composed of
water, ice, rock and frozen gases. Cometstrave in highly dliptica orbits that
take them very close to the Sun and swing them into deep space. As comets
move closer to the Sun, they develop an enormous tail that can extend for
millions of miles from the head, away from the Sun.

c. Meteoroids— bits and clumps of matter orbit the Sun. The very smdl, dus-

particle Sze bits of matter are cadled micrometeorites. Anything larger iscdled a
meteoroid. When ameteoroid enters the Earth’s aimosphere it is caled a meteor.
Meteors are dso called shooting stars.

11. The Milky Way and Beyond

a

b.

The Milky Way isthe name of our gdlaxy. It isan enormous collection of sars
arranged in aspird shape.

Novaand Supernova— Novas are stars that are not stable. They flare, subside,
and flare again. A supernovaoccurs when a star gives up grest massin one
giant exploson of light and energy.

Quasars and the Formation of the Universe— A quasar isavery luminous body
that is about the same Sze as our solar system. It emits 10,000 times the energy
of our galaxy.

Pulsar — dso known as a pulsating star because it flashes e ectromagnetic
emissonsin aset pattern.

Nebulae — can be dark or bright. A dark nebulaisavast cloud of metter, which
has not yet formed into astar. The bright nebula may be studded with stars and
sendsforth brilliant arrays of color. Some bright nebulae are remnants of
supernova
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f. Black Holes— probably was alarge star that exhausted its nuclear fuel and
collgpsed inward upon it sdlf. It cannot emit radiation.
g. Other Gaaxies— stientists have found many other gaaxies.

Multiple-Choice and True/False Sample Test

1. What isthe closest planet to the Sun?
a. Earth
b. Mercury
c. Pluto
d. Uranus
2. What isthe only planet known to rotate about its axis in a clockwise direction?
a. Earth
b. Jupiter
c. Mars
d. Venus

3. Which of the following planets has areddish color even when viewed with the naked
eye?

Earth

Jupiter

Mars

Saturn

opoo

4. On arecent Pathfinder mission, the smdl exploration rover cdled Sojourner
investigated the atmosphere and composition of what planet?

Jupiter

Mars

Saturn

Venus

o0 T

5. Which planet is by far the largest in our solar systlem?
a. Jupiter
b. Neptune
c. Saturn
d. Uranus
6. Which planet has recorded the strongest winds and is known as the most windy
planet?
a Pluto
b. Neptune
c. Uranus
d. Venus

126



7. When ameteoroid enters Earth’s atmosphere it is caled alan
asteroid.

comet.

meteor.

meteorite.

cooTo

8. T/F A quasar isaso known as apulsating Star because it flashes e ectromagnetic
emissonsin a st pattern.

9. T/F A black hole probably began as alarge star that exhausted its nuclear fuel and
collapsed inward upon itsdf.

10. T/F Uranusisthe smallest planet in our solar sysem and aso isthe farthest away
from the sun.
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Chapter 26

Unmanned Space Explor ation (pages551-582)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives: After completion of this chapter, the student should be able to:

- Discuss America s early space efforts.

- Discuss the Soviet Union's early space efforts.

- Describe America s reaction to the Soviet launch of Sputnik 1 in October 1957.
- State one of the biggest reasons for the space race between the United States and the
Soviet Union.

- Discuss the establishment of the Nationa Aeronautics and Space Adminigtration.
- Describe the sources of space law.

- Describe the sgnificance of Sputnik to space law.

- Describe the three principles of space law.

- ldentify two sgnificant provisions of the 1967 Outer Space Trezty.

- Explain the sgnificance of the 1972 Anti-Ballistic Missile Treaty of space operations.
- Explain the significance of the National Aeronautics and Space Act.

- Explain the significance of the commercia Space Launch Act.

- Explain the sgnificance of the Land Remote Sensang Commercidization Act.

- Describe the function of the International Telecommunications Union.

- Describe the 1976 Bogota Declaration.

- Describe the International Space Station Agreement.

- | dentify three issues addressed by the Internationa Space Station Agreement.

- Define asadlite.

- | dentify four categories of satdlites.

- ldentify uses of communications satellites.

- Define an active communications satellite.

- Define a passve communications satellite.

- Describe the purpose of the Globd Postioning system (GPS).

- Describe the dements required for globa positioning.

- | dentify GPS uses.

- | dentify three types of observation satellites.

- Match examples of data to the satellite type most likely to observe and record it.
- ldentify examples of weather sadlites.
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Presentation

Attention: At the end of WWII, German rocket scientists surrendered to American
troops to avoid being captured by Russian troops. These German scientists formed the
nucleus for rocket research in the US in the late 1940s and early 1950s. This marked the
beginning of the space race between the US and Russa

Motivation: This chapter will give you a basic understanding of how the space programs
for the US and Russia began and progressed.

Overview: After abrief account of the beginnings of the space program of the US and
Russia, we will discuss severd of the series of unmanned satellites that have been
rocketed into space.

Evaluation: Go over the questions at the end of the chapter.
Assignment: Review key terms and concepts.
L esson Outline

1. The Space Race Begins

a. Dr. Werner von Braun, a German scientist, headed ateam of German scientists
who lead the US' rocket research. The research was dowed by the lack of
money.

b. 1n 1949, the Soviet Union exploded its first alom bomb, and in 1950 the Korean
War began. These two events changed nationd priorities, and the money for the
Air Force Intercontinenta ballistic program became available.

c. In 1955, Presdent Eisenhower announced the US would place severd small
satellitesinto orbit. This project was called Vanguard.

d. In 1956, Premier Khrushchev, of the Soviet Union, announced that Russia had
developed an ICBM. Thenin August 1957, Russia successfully test-launched its
ICBM. On October 4, 1957, using the same rocket, Russia launched Sputnik 1,
the world' sfirg artificid satellite. On November 3, they launched Sputnik 2,
which carried adog named Laika.

e. On December 6, 1957, the US launched the Vanguard. It exploded. The Army
had the Redstone missile, and it put the test rocket Jupiter C with thismissle and
successfully launched Explorer 1. Thiswasthe US firgt satdllite. The date was
January 31, 1958.

f.  The Space Age —the Soviet Union had launched the first satellite and much
heavier satdliteinto space. The Soutnik 2 weighed 2,926 pounds, while our
Explorer 1 weighed 31 pounds. Our smaller satdllite actudly helped the US
develop miniature dectronics that eventually put the US far ahead of the
Russians. The space race was occurring during the Cold War between the US and
Russa Soin the beginning, one of the biggest reasons for the space race was
internationa prestige.
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0. NASA Established — On July 29, 1958, President Eisenhower signed the Nationd

Aeronautics and Space Act into law, creating the National Aeronautics and Space
Adminigtration (NASA). NASA was established to lead America s civilian space
program.

Space Law — Spaceisan internationa concern.  So, the most powerful source of
internationdl law istregties. There are three principles for space law: 1) freedom
of use, meaning al nations have access to space; 2) non-appropriation, the idea
that no one owns any part of space; 3) common interests, which says that space
belongsto dl mankind and dl should share in its benefits.

2. Tredties
a Outer Space Treaty

1) Occurred in 1967. The United Nations Generd Assembly gpproved it and 90
nations sgned it. It established the basic principles of space law.

2) It sad that nations, not organizations were responsible for the launched objects.
3) It stated that space would be used for peaceful purposes, but alowed military
personnd to conduct research.

b. ABM Treaty — provided for only peaceful use of space.
3. Nationa Space Law

a

b.

C.

National Aeronautics and Space Act (NASA Act) —it isthelegd bassfor military
and civil space ctivitiesinthe US. It defines civil and military responghilities.
Commercid Space Launch Act (CSLA) — purpose was to promote private sector
activity and investment in space. It sought to create a Single agency to regulate
commercia space. The Office of Commercial Space Transportation was created
within DOT to manage the effort.

Land Remote Sensing Commercidization Act (LANDSAT Act) — was designed to
commercidize the government LANDSAT Program.

4. Internationa Space Issues

a

C.

International Telecommunications Union (ITU) isa United Nations organization
that regulates international communications. 1TU was cregted to regulate radio
frequencies and set standards. It operated on “first come, first served.”

Eight nations issued the Bogata Declaration in 1976, claming sovereignty over
geostationary orbits above their territories. No mgor space powers recognized
their dam.

The International Space Station Agreement was signed in 1988. The US managed
the program. 1t was the combined effort of severa nations.

5. Satellites— Unmanned Spacecraft

a

C.

A sadliteisanaturd or artificia object that orbits around the Earth. An example
of anaturd object in spaceisthe Moon. It is Earth's only naturd satellite,
Artificd means man-made.

Thousands of satellites now occupy various orbits. Many old satellites lasted
longer than originaly planned. So, they had to be silenced because of lack of
money, but they are till out there.

Satellites can be divided by their purpose. There are four broad categories:
communication, navigation, observation and scientific.

6. Communications Satdlites (SATCOM)
a. Beganin 1958 with the Score satdllite. It operated for only 13 days.
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Echo 1 was alarge reflective baloon placed in orbit in 1960. It extended the
range of line-of-gght Ignds

Courier 1B aso orbited in 1960; first of the repeater type communications
satellites.

In 1962, Telstar 1was an active satellite that amplified and retransmitted as many
as 60 two-way telephone conversations a one time.

A few months later, Relay ladded Italy and Brazil to the countries that were
receiving broadcasts from space.

INTELSAT —isaszies of satdlites and an organization standing for Internationd
Tedecommunications Satellite Organization. The organization has over 140-
member nations. It links the world' s telecommunications networks together viaa
globa satdlite system of geodationary satellites.

Gdaxy Series— aseries of satdllitesthat relays video, voice, dataand facamile
information worldwide. Galaxy 1 was dedicated to distributing cable television
programming.

Tracking and Data Relay Satdllite System (TDRSS) — designed to provide
smultaneous full-time coverage for the Space Shuttle and up to 25 other NASA
low- Earth- orbiting spacecraft.

Deep Space Network (DSN) — supports al deep space probes.

7. Navigation Satellites
a. TRANSIT —was designed to update the inertid navigation system on Polaris

b.

C.

submarines. It became operationd in 1964.

TIMATION — was atwo-dimensond navigation system. It determines longitude
and latitude.

NAVSTAR Globa Postioning System (GPS) — a space-based radio positioning
system. It provides navigation and timing information. Position, velocity and

time can be precisely determined. GPSisrapidly replacing al other navigationd
means.

8. Obsarvations Satdllites
a. Weather Satellites — measure temperatures at the surface and in the atmosphere.

They dso measure cloud cover, moisture levels and even lightning strikes. Tiros 1
was the first weather satellite. The Nationa Oceanic and Atmospheric
Adminigration (NOAA) has a series of weather satdllites.

Multi- spectrum-imaging Satdllites — observe radiant energy. Landsats locate
natural resources and monitor other conditions on the Earth’s surface.

Reconnai ssance Satellites — monitors the activities of people on the surface of the
Earth. Generdly, they serve military purposes. They provide early warning by
detecting enemy missle launches, detecting nuclear explosions, eectronic

reconnai ssance and photo- survellance.

9. Scientific Satellites— used for gaining information; elther orbita astronomy or
environmenta anaysis.
a. TheExplorers— aseries of satdlites that studied the Van Allen radiation belts,

b.

micrometeoroids, and solar flares. The Explorers gave us the first photographs of
Earth from space.
Orhiting Solar Observatory (OSO) — studied the Sun and solar flares.
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c. Orhiting Astronomical Observatory (OAO) — broadened scientists' understanding
of the universe. It sudied ultraviolet, infrared, gamma and x-ray wavelengths.

d. High-Energy Astronomy Observatory (HEAO) — investigated the sources and
intengties of high-energy radiation at the very far end of the eectromagnetic
spectrum.

e. Ross X-ray Timing Explorer (RXTE) — studying x-ray emissons.

f.  The Hubble Space Telescope — operates at an dtitude of 310 miles above the
Eath. Atthisdtitude, it isfree of amospheric interference. Astronomers clarity
IS seven times better than for ground observations.

g Solar Mesosphere Explorer (SME) — environmentd andyss satdlite. It studies
the reactions between sunlight and Earth’s atmosphere.

h. Earth Radiation Budget Satellite (ERBS) — sudies Earth radiation and the
interaction of the Earth with radiation energy received from the Sun.

I.  Earth Observing System (EOS) — studies the Earth and how air, water, land and
life interact.

10. Probes — spacecraft that fly by, orbit or land on a celestid body, other than Earth.

a. The Rangers— investigated and took pictures of the Moon. Provided the first
close-up pictures of the Moon.

b. The Surveyors— probes landed on the Moon between 1964-1968. Five of these
actualy landed on the Moon and sent hundreds of pictures back to Earth.

c. Lunar Orbiters— five of these took high-quality photographs of the Moon's entire
surface. From these photos, maps of the Moon were made.

d. The Mariners— used to investigate the inner planets. Gave us pictures of Venus
and Mercury.

e. The Pioneers— probed both the outer and inner planets. Gave usthe first close-up
pictures of Jupiter in 1973. Also, gave usthefirst pictures and data on Saturnin
1979.

f. TheVikings— explored the environment of Mars. They andyzed the Martian
atmosphere and photographed Mars surface. Plus, searched for life.

0. Voyagers 1 and 2 — gave us greatly improved pictures of Jupiter and Saturn.

h. Giotto — explored Halley’ s Comet.

I. MarsGlobd Surveyor — designed to orbit Mars for 2 years and collect dataon
Martian atmosphere, gravity and magnetic fields.

j.  Mars Pathfinder — primary objective was to prove the feasibility of low-cost
landingson Mars.

k. Gdileo— 6-year journey to orbit Jupiter.

[.  Casdni —In 1997, it began itsjourney to reach Saturn. It will reach Saturn
sometime after 2004.

Multiple-Choice and True/False Sample Test

1. What country launched the world' sfirg artificid satellite, the Sputnik?
a. China
b. Gemany
Cc. Russa
d. United States
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2. Which of thefallowing is not one of the three principles of space law?
a freedom of use
b. non-appropriation
C. common interest
d. nationd cusoms

3. Which space treaty called space the province of al mankind, and aso ated that
exploration of space should benefit dl countries?

a 1965 Moon Tresty

b. 1967 Outer Space Treaty

c. 1969 Outer Limits Treaty

d. 1972 ABM Treaty

4. Which of the following isnot one of the four broad categories of satellites?
a communication
b. intdligence
C. navigdion
d. sdentfic

5. What was the name of the US first weather satdllite?
a Scorel
b. Telestar 1
c. Tiros1l
d. Transt1l

6. What family of probes gave us our first look a Jupiter?
a  TheMariners
b. TheRangers
c. ThePioneers
d. TheVikings
7. TIF GPSisrapidly replacing al other navigationd means.
8. T/F Tresties are the most powerful source of internationd law.

9. T/F Explorer 1 discovered the Van Allen radiation belts.

10. T/F The Gdaxy seriesis used to locate natura resources and monitor other
conditions on the Earth’ s surface.
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Chapter 27

Manned Spacecr aft (pages583-605)

Resource: Aerospace: The Journey of Flight, Civil Air Petrol, 2000
Lesson Method: Lecture
Time: 50 minutes

Objectives. After completion of this chapter, the student should be able to:

- | dentify the contributions of the US manned space flights and their missions.
- Describe the Soviet manned space flights and their missions.

- | dentify the American and Soviet joint manned spacecraft mission.

- Describe astronaut and cosmonaut individua accomplishments.

- I dentify the three mgjor parts of the Space Shuttle.

- Describe Spacelab and the Long-Duration Exposure Facility.

- Describe the living and working conditions in space.

- Describe the different space suits.

Presentation

Attention: Just afew years after the space race began, the US and Russia were ready for
manned space flights.

Motivation: Thischapter will outline dl of the mgor developments of the US and
Soviet manned space operations. Thiswill definitely increase your knowledge of both
countries gpace programs.

Overview: This chapter will begin with the US space program, but it will aso include
information about the Soviet’ s space program.

Evaluation: Go over the questions at the end of this chapter.
Assignment: Review key terms.

L esson Outline

1. US Manned Space Program

a. Project Mercury — America sfirst manned space flight program. Itsmisson was
to find out if a human could survive space travel and what, if any effects would
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gpace travel have on the human body. It lasted 2 years and six manned flights.
Thefirg flight was sub-orbita and lasted for only 15 minutes. May 5, 1961,
astronaut Alan Shepard became the first American in space. Agtronaut John Glenn
became the first American to orbit the Earth. He remained in orbit for 4 hours and
55 minutes, while orbiting the Earth three times.

Project Gemini — had severa objectives, improve techniques needed for a lunar
mission, put two persons in space, rendezvous and dock with another spacecraft,
and achieve the first walk in space. Gemini wasthe firgt two-man capsule, and it
did achieve the first American walk in space. Enough information was gathered
that scientists were convinced that humans could last in space for severa weeks or
even months safdly.

Project Apollo — its mission was to put aman on the Moon. Severd of the early
Apallo flights traveled to the Moon, orbited it and returned to Earth. Apollo 11
landed on the Moon on July 20, 1969. Neil Armstrong was the first man to walk
on the Moon. A few minutes later, Buzz Aldrin joined Armstrong on the Moon.
Five more Apallo flights landed on the Moon.

Project Skylab — used left over equipment from the Apollo flightsto put a
laboratory in space. Scientists continued their studies of long-duration space
flights Thefind Skylab misson lasted 84 days in space and showed that people
could live and work in space with no ill effects.

Project Apollo-Soyuz — the linkup in space of an American and a Soviet manned
Spacecraft.

2. US Second Era
a. Space Shuttle— launched in 1981, also called the Space Transportation System

d.

(STS). It provides a system for transportation into space and a return back to
Earth. The shuttle can be used again and again. It conssts of three main parts.
the orbiter, the solid rocket boosters and the external tank. There have been over
100 shuttle launches, and our knowledge has increased tremendoudy because of
them.

The Crew — The shuttle has many diversfied missons. So, the pool of astronauts
contains many individuas with specid skills. Knowledge and skills from severa
sdientific fields are needed. The astronauts are assigned as misson pilots, mission
specidists and payload specidigts.

The Craft — the orbiter has awingspan of 78 fedt; itslength is 122 feet. The
orbiter’s payloads can weigh atotal of 65,000 pounds on asingleflight. The
orbiter carries the crew and payload to and from space. There are three mgjor
sections: the forward fuselage, the mid-fusdage and the aft-fusdlage. Agtronauts
and payload specidists occupy the forward fusdage. The mid-fusdage houses the
payload bay; therefore, it contains the purpose of each misson. The aft-fusdage
contains units for orbital propulsion and aerodynamic flight control.

Payloads — The shuttle can carry avariety of payloadsinto space. Most shuttle
missions are geared toward those that need onboard specidists.

3. Soviet Manned Space Program — developed dong the same lines as the American
gpace programs, however, the Soviets had severd “firds’ in the space race.
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Vostok — On April 12, 1961, the Soviets put the first man in space, Mgor Y uri
Gagarin, who was abroad Vostok 1. In June 1963, Vostok 6 carried the first
woman in space, Vaentina Tereshkova

Voskhod — The firgt Voskhod was launched in 1964 and was a 3-man cgpsule. On
March 18, 1965, aboard the Voskhod 2, Alexel Leonov became the first person to
walk in space.

Soyuz — means union and was designed for docking in space. Forty Soyuz
Spacecraft were launched between 1967 and 1981, including the 1975 Apollo-
Soyuz rendezvous.

4. Space Stations

a

Soviet Space Sations

1) Salyut — The Soviets launched Salyut 1 in April 1971, and three days | ater,
Soyuz 10 docked with the world' sfirst space laboratory. By 1976, the Soviets had
put up six Salyut space stations. By the early 1980s, several modifications had
been made and a Soviet crew set an endurance record for 234 days in space.

2) Mir —was the next space station model. Mir was launched in 1986 and stayed
in space until the spring of 2001. 1t conducted many experiments over the years
and docked many spacecraft. In fact, the US sent severa Space Shuttlesto Mir.
American Space Station — Skylab — On May 14, 1973, Skylab 1 was placed in
orbit. Skylab was NASA’s only orbited space station. Three different crews lived
there at different times. The longest stay was 84 days. Skylab came back to Earth
after Ix yearsin space.

European Space Station — Spacelab — was designed to be flown in the Space
Shuttle's cargo bay. Spacelab’s environment alowed specidists to work in short-
deeve shirts and not space suts. Missions included astronomy, microgravity, life
sciences and biomedicine.

Long-duration Exposure Facility (LDEF) - was designed to provide long-term
data on the space environment and its effects on pace systems and operations.
Thefadlity remained in space for 69 months before it was retrieved by Space
Shuttle Columbia in 1990.

Living and Working in Space Stations — creetion of the International Space
Sation will provide a permanent |aboratory where gravity, temperature and
pressure can be manipulated to achieve a variety of scientific and engineering
pursuits that are impossible in ground-based |aboratories. Astronauts have learned
how to function effectively in weightlessness. Food will sill be dehydrated

because it saves weight and storage. Seegping will be ether restrained in bunks or
deeping bagstethered to awall.

5. Future Manned Spacecraft — International Space Station is scheduled for completion
in the 2005- 2006 timeframe. The space station will be permanently manned. Beyond the
space dation, space colonies are a serious consderation. Committees are still working on
where the best locations would be.
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Multiple-Choice and True/False Sample Test

1

8.

0.

What was the name of America s first manned space flight program?
Apollo

Gemini

Mercury

Redstone

cooTo

Which of the following was America sfirst astronaut in space?
a JohnGlenn
b. Scott Carpenter
c. Alan Shepad
d. Chuck Y eager

Which Apollo flight was the firgt to land on the Moon?
a Apollo5
b. Apadlo1l
c. Apollo13
d. Apalo15

John Glenn accomplished which of the following?

a. Hewasthefirg humanin space.

b. Hewasthefirst American to wak in space.

c. Hewasthe firs American to orbit the Earth.

d. Hewasthe firs American to walk on the Moon.

Which of the following isnot a name of one of the space shuttles?
a Atlantis

b. Chdlenger

c. Endeavour

d. Voyager

In space terms, what does EVA stand for?

a. Environmenta Vehicular Association

b. ExtraVehicular Activity

c. Electricd Voltage Allowance
d. Extraterrestrid Vigtor Act

T/F Skylab was NASA’s only orbited space station.
T/F Sdly Ride was the first woman in space.

T/F Yuri Gagarin was the first human in space.

10. T/F Project Gemini’s misson was to land on the Moon.
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