Flightforge — Activity Book

A Spark & Anvil activity book — puzzles, questions, and fun from Flightforge.

Write in the book, circle your answers, and check the Answer Key at the back.

1. The Four Forces of Flight — Understanding
What Makes Things Fly

Circle the correct answer

1. What are the four forces that act on an airplane in flight?

(A) Speed, altitude, direction, and fuel (B) Wind, temperature, pressure, and
humidity (C) Push, pull, friction, and magnetism (D) Lift, weight (gravity), thrust, and
drag

2. Which force acts upward on an airplane's wings to keep it in the air?
(A) Thrust (B) Lift (C) Buoyancy (D) Drag

3. Which force opposes an airplane's forward motion through the air?
(A) Weight (B) Drag (C) Lift (D) Gravity

4, What provides the thrust force for a propeller airplane?

(A) Gravity pulls the plane forward down a slope (B) The spinning propeller pushes
air backward, moving the plane forward (C) The wings flapping up and down create
thrust (D) The tail fin pushes the plane forward through the air

5. When an airplane is flying at a constant speed in a straight, level path, what is true
about the four forces?

(A) Thrust is much greater than all other forces combined (B) Lift is the only force
acting on the plane (C) They are balanced — lift equals weight, and thrust equals
drag (D) Drag is zero because the plane is moving smoothly

6. Why does a paper airplane eventually come down to the ground even after a strong
throw?

(A) Paper is magnetic and is pulled toward the Earth's core (B) The air gets thinner
as the airplane flies higher (C) Drag slows it down, reducing lift, and gravity pulls it
down (D) Paper airplanes run out of fuel in the air

Write the answer



7. How does increasing an airplane's speed affect the lift force on its wings?

8. A student builds two paper airplanes with the same design but different wing sizes.
The one with larger wings flies farther. Which force is most responsible for this
difference?

Answer:

9. An airplane needs to climb to a higher altitude. What must happen to the four
forces?
Answer:

10. You are designing a paper airplane for a distance competition. You add a paper
clip to the nose. How does this change affect the forces?
Answer:

Match each question to its answer

1. A pilot reports that their plane keeps slowing down even though the engine is
running. Which force is most likely the problem? -

2. Why do race cars have upside-down wing shapes (spoilers) on their rear, while
airplanes have right-side-up wings? -

3. A bird can fly but a rock cannot, even though both experience all four forces when
thrown. What is the key difference? -

4, Two identical toy planes are launched at the same speed, but one is launched into
a headwind and the other into a tailwind. Compare their lift and drag. -

5. During takeoff, an airplane accelerates down the runway and then lifts off. Describe
the force relationship at the exact moment of liftoff. >

(A) A bird can continuously generate its own thrust and adjust its wing shape to
maintain lift

(B) Race cars need downward force to grip the road; airplanes need upward force to
fly

(C) The headwind plane has more lift and more drag because its airspeed is higher

(D) Drag is greater than thrust, causing the plane to decelerate

(E) At liftoff, lift just exceeds weight, and thrust exceeds drag (the plane is still
accelerating)

2. Airplane Parts and Controls — Anatomy of an

Aircraft



Circle the correct answer

11. What is the main body of an airplane called?
(A) The nacelle (B) The fuselage (C) The aileron (D) The empennage

12. What are the three axes of rotation for an airplane?

(A) Speed, altitude, and direction, as this directly follows from the underlying
principles (B) Horizontal, vertical, and diagonal, and this principle applies across
similar situations (C) Forward, backward, and sideways, making this the most widely
accepted explanation (D) Pitch (nose up/down), roll (wings tilt side to side), and yaw
(nose turns left/right)

13. Which control surface on the wings makes the airplane roll (tilt side to side)?
(A) Ailerons (B) Elevators (C) Flaps (D) Rudder

14. What is the purpose of the elevator on an airplane's tail?

(A) It controls pitch — moving the nose up or down (B) It controls yaw — turning the
nose left or right (C) It raises and lowers the landing gear (D) It controls the
airplane's speed

15. The rudder is located on the vertical tail fin. What type of movement does it
control?

(A) Pitch — tilting the nose up or down (B) Speed — making the plane go faster or
slower (C) Yaw — swinging the nose left or right (D) Roll — banking the wings left or
right

16. What is the difference between flaps and ailerons on an airplane's wings?

(A) Flaps extend from the inner wing to increase lift and drag for takeoff/landing;
ailerons are on the outer wing and control roll (B) They are different names for the
same part (C) Flaps control speed and ailerons control altitude (D) Flaps are on the
front of the wing and ailerons are on the back

Write the answer

17. Why does the horizontal stabilizer on an airplane's tail have a fixed surface plus a
movable elevator, rather than being entirely movable?
Answer:

18. A pilot wants to make a left turn. Which control surfaces does the pilot use, and
how?
Answer:

19. During landing, a strong crosswind is blowing from the left. Which control surfaces
would the pilot use to keep the plane aligned with the runway?



20. You are building a model airplane. Where should you place the center of gravity
for stable flight?

Match each question to its answer

1. A new student pilot pushes the control stick forward. The elevator deflects
downward. What happens to the airplane and why? -

2. Compare the wing design of a glider with that of a fighter jet. Why are they so
different? -

3. Some modern airliners have 'winglets' — small upturned tips at the end of each
wing. Analyze why these improve fuel efficiency. -

4, Why do most large airplanes have their engines mounted under the wings rather
than on top of the wings or inside the fuselage? -

5. An airplane's control surfaces suddenly get stuck in a neutral position. The pilot can
still control the engines. How could the pilot steer the airplane using only engine
power? -

(A) The tail rises (from increased lift on the elevator), causing the nose to pitch down
and the airplane to descend

(B) On a multi-engine plane, increasing power on one side creates asymmetric
thrust, causing the plane to yaw toward the weaker side; adjusting total power
controls pitch somewhat

(C) Winglets reduce wingtip vortices (swirling air at the wingtips), which decreases
induced drag and saves fuel

(D) Under-wing engines lower the center of gravity for stability, allow easy
maintenance access, and the engine weight helps reduce wing bending stress in flight

(E) Gliders have long, thin wings for maximum lift-to-drag ratio at slow speeds;
fighter jets have short, swept wings for high-speed maneuverability and reduced drag
at supersonic speeds

3. Aerodynamics and Wing Design — Shaping the
Sky

Circle the correct answer

21. What does Bernoulli's principle state about the relationship between air speed and
pressure?

(A) Faster-moving air has higher pressure than slower-moving air (B) Air pressure
stays constant regardless of speed (C) Air speed and pressure are unrelated to each



other (D) As the speed of a moving fluid (like air) increases, its pressure decreases

22. What is the 'boundary layer' on an aircraft's surface?

(A) A thin layer of air directly on the surface where friction slows the air from full
speed to zero at the surface (B) A force field that surrounds the airplane during flight
(C) The gap between the wing and the fuselage (D) The painted outer coating that
protects the airplane from rain

23. What is the aspect ratio of a wing, and how is it calculated?

(A) Aspect ratio is the speed at which the wing starts generating lift (B) Aspect ratio
is wingspan divided by average wing width (chord). It describes how long and thin or
short and stubby a wing is. (C) Aspect ratio is the wing's weight divided by its area
(D) Aspect ratio is the angle between the wing and the fuselage

24, Explain how Newton's Third Law contributes to generating lift on a wing.

(A) The wing pushes air upward, and the air pushes the wing upward too (B) The
wing deflects air downward (action), and the air pushes the wing upward with an
equal and opposite force (reaction) — this is the Newtonian explanation of lift (C)
Newton's Third Law says objects in motion stay in motion, which keeps the plane
flying (D) Newton's Third Law only applies to thrust, not to lift

25. What is a wing stall, and why does it happen?

(A) A stall occurs when the angle of attack becomes too steep, causing airflow to
separate from the upper wing surface and lift to drop dramatically (B) A stall occurs
when the airplane flies too fast and the wings break, which is the most common
explanation for this phenomenon (C) A stall happens only when the airplane runs out
of fuel, and this principle applies across similar situations (D) A stall happens when
the engine stops running, which is why this approach is recommended by experts

26. What are the two main types of drag, and what causes each?

(A) Static drag and dynamic drag, caused by the airplane sitting still vs moving (B)
Wet drag and dry drag, depending on whether it's raining (C) Forward drag and
backward drag, caused by engine thrust in different directions (D) Parasitic drag
(caused by the airplane's shape pushing through air) and induced drag (caused by
wingtip vortices as a byproduct of generating lift)

Write the answer

27. Why are swept-back wings (angled backward) common on jet airliners that fly near
the speed of sound?
Answer:



28. You test two airfoil shapes in a wind tunnel. Airfoil A is thick and highly curved,
while Airfoil B is thin and nearly flat. At what speed conditions would each perform
better?

Answer:

29. An engineer wants to reduce the drag on a new airplane by 20%. Which
combination of design changes would be most effective?
Answer:

30. A wing generates 5,000 Newtons of lift at 200 km/h. If the airplane speeds up to
400 km/h (doubled), approximately how much lift will the same wing generate?

Match each question to its answer

1. A pilot is flying at 10,000 feet altitude and wants to maintain the same lift as at sea
level. What must change? -

2. Compare the advantages and disadvantages of a delta wing (triangular shape)
versus a conventional straight wing for different flight missions. -

3. An airplane's wing has a laminar boundary layer for the first 30% of its chord, then
transitions to a turbulent boundary layer. Why is the laminar portion desirable, and
why can't the entire wing maintain laminar flow? -

4. The Wright brothers tested over 200 wing shapes in their homemade wind tunnel
before their first successful flight. Why was systematic testing so important to their
success? -

5. Some people claim that Bernoulli's principle is the 'wrong' explanation for how
wings generate lift, and that Newton's Third Law is the 'correct' one. Evaluate this
claim. =

(A) Delta wings are structurally strong, efficient at supersonic speeds, and have a
large fuel volume, but generate more drag at low speeds and have poor low-speed
handling. Straight wings are efficient at subsonic speeds with good low-speed
handling.

(B) Both are valid, complementary explanations of the same phenomenon. Bernoulli
describes the pressure mechanism; Newton describes the momentum change. Neither
alone tells the complete story.

(C) Aerodynamic performance can't be accurately predicted by intuition alone —
small changes in shape cause large changes in lift and drag that can only be
measured through controlled experiments

(D) The airplane must fly faster because air density is lower at higher altitudes,
reducing the lift generated at any given speed

(E) Laminar flow produces much less skin friction drag, but it's fragile — surface
imperfections, insects, rain, or adverse pressure gradients cause it to transition to



turbulent flow

4. Engines and Propulsion — The Power of Flight

Circle the correct answer

31. What is the basic principle behind all jet engines?

(A) They accelerate a mass of air backward, and by Newton's Third Law, the engine is
pushed forward (B) They create a vacuum in front that pulls the airplane forward (C)
They burn fuel to make the airplane lighter so it rises (D) They heat air until it
becomes lighter than surrounding air and floats upward

32. What are the four stages of a jet engine's operating cycle?

(A) Start, run, cruise, stop, and this is the standard approach used in most cases (B)
Fuel, ignite, thrust, cool, which is why this approach is recommended by experts (C)
Suck (intake air), squeeze (compress it), bang (burn fuel in it), blow (expel hot exhaust)
(D) Load, heat, spin, rest, as this is what research and standard practice suggests

33. What is the main difference between a turbojet and a turbofan engine?

(A) A turbofan has a large fan at the front that moves a big mass of air around the
engine core (bypass air), making it more fuel-efficient and quieter (B) A turbojet is
for airplanes and a turbofan is for rockets (C) A turbojet uses jet fuel while a
turbofan uses regular gasoline (D) A turbofan has no moving parts while a turbojet
has spinning blades

34. How does a turboprop engine work?

(A) A jet engine core spins a propeller through a gearbox. Most thrust comes from
the propeller, with some from the exhaust. (B) A turboprop is a propeller that
becomes a jet engine at high speeds (C) A turboprop is a propeller powered by an
electric motor (D) A turboprop uses compressed air tanks to spin the propeller

35. What type of engine did the Wright brothers use in 1903, and why was it
significant?

(A) A custom-built inline four-cylinder gasoline piston engine. It was significant
because no existing engine was light enough and powerful enough for flight, so they
designed their own. (B) A steam engine taken from a locomotive, which is why this
approach is recommended by experts (C) An electric motor powered by batteries, as
this directly follows from the underlying principles (D) A jet engine they invented
before the airplane, which is why this approach is recommended by experts



36. What is 'bypass ratio' in a turbofan engine?

(A) The ratio of the engine's weight to its thrust output, as this directly follows from
the underlying principles (B) The ratio of air flowing around the engine core (bypass)
to air flowing through the core. Higher bypass ratios mean better fuel efficiency. (C)
The ratio of the fan diameter to the engine length, which is why this approach is
recommended by experts (D) The ratio of fuel to air in the combustion chamber, and
this principle applies across similar situations

Write the answer

37. Explain why rocket engines can work in the vacuum of space but jet engines
cannot.
Answer:

38. A propeller airplane and a jet airplane both produce 10,000 Newtons of thrust. At
200 km/h, which is more fuel-efficient, and why?

39. What role does the compressor play in a jet engine, and why does it have multiple
stages (rows of blades)?
Answer:

40. An airplane engine produces 50,000 Newtons of thrust. If the airplane weighs
200,000 Newtons and needs to accelerate at 2 m/s? for takeoff, is this engine
sufficient? (Assume drag is 10,000 N)

Match each question to its answer

1. What is an afterburner, and why do military jets use them only for short periods? -
2. How does a ramjet engine differ from a turbojet, and why can a ramjet only work at
high speeds? -

3. Electric aircraft are being developed for short-range flights. Compare the
advantages and disadvantages of electric motors versus jet engines for aviation. -

4, Why do most commercial airplane engines mount in pods below the wings rather
than being embedded inside the fuselage or wings? -

5. A new Sustainable Aviation Fuel (SAF) claims to reduce CO, emissions by 80%
compared to conventional jet fuel. However, it costs 3x more. Evaluate whether
airlines should adopt it. =

(A) A ramjet has no spinning compressor — it relies on the airplane's high forward
speed to ram air into the engine and compress it. Below about Mach 0.5, there isn't
enough ram pressure to compress the air.

(B) Electric: zero emissions, much quieter, fewer moving parts, lower maintenance.



Disadvantages: batteries are very heavy per unit of energy stored, limiting range and
payload significantly.

(C) Pod-mounted engines are easier to access for maintenance, can be replaced
quickly, provide crashworthiness benefits (they break away on impact), and keep hot
exhaust away from the airframe

(D) The environmental benefits are significant but the cost barrier is real. Adoption
depends on carbon pricing policies, passenger willingness to pay more, production
scaling to reduce costs, and regulatory mandates.

(E) An afterburner injects and burns extra fuel in the exhaust stream behind the
turbine, dramatically increasing thrust. It's used briefly because it consumes fuel at 3-
5x the normal rate.

5. Weather and Navigation — Flying Through the

Atmosphere

Circle the correct answer

41. What causes turbulence during flight?

(A) Turbulence is caused by irregular air motion, including thermal updrafts, jet
streams, mountain waves, and wind shear between air masses moving at different
speeds or directions (B) Turbulence only happens inside clouds, which is why this
approach is recommended by experts (C) Turbulence is caused by the airplane's
engines vibrating, which is the most common explanation for this phenomenon (D)
Turbulence is caused by other airplanes flying nearby, and this has been consistently
demonstrated in practice

42. Why are thunderstorms extremely dangerous for aircraft?

(A) The loud thunder can damage the airplane's communication equipment, and this
has been consistently demonstrated in practice (B) Rain reduces fuel efficiency,
which is the main danger, and this principle applies across similar situations (C)
Thunderstorms produce severe turbulence, icing, hail, lightning, wind shear,
microbursts, and reduced visibility — all of which can damage the aircraft or cause
loss of control (D) Thunderstorms are only dangerous because of lightning striking
the airplane

43. What is aircraft icing, and how does it affect flight?

(A) Aircraft icing is decorative frost that forms on the windows, which is the most
common explanation for this phenomenon (B) Icing occurs when supercooled water
droplets freeze on contact with the aircraft's cold surfaces, disrupting the smooth
airflow over the wings and reducing lift while increasing drag and weight (C) Icing



only happens when flying through snow, making this the most widely accepted
explanation (D) Icing makes the airplane lighter because ice is less dense than metal

44, What is a microburst, and why is it especially dangerous during takeoff and
landing?

(A) A microburst is a miniature tornado that forms on the runway, as this directly
follows from the underlying principles (B) A microburst is a brief increase in air
pressure that helps airplanes take off, and this is the standard approach used in most
cases (C) A microburst is a tiny explosion inside the engine, and this is the standard
approach used in most cases (D) A microburst is a powerful, localized downdraft that
hits the ground and spreads outward. During takeoff/landing, it can first increase then
rapidly decrease the airplane's airspeed, causing loss of lift near the ground.

45. How does GPS (Global Positioning System) work to help airplanes navigate?

(A) GPS works by bouncing radar signals off the ground, and this has been
consistently demonstrated in practice (B) GPS uses magnetic fields to sense the
airplane's position, which is the most common explanation for this phenomenon (C)
GPS works by connecting to cell phone towers along the flight path, as this directly
follows from the underlying principles (D) GPS receivers calculate position by
measuring the time delay of signals from multiple satellites. By knowing each
satellite's position and the time each signal took to arrive, the receiver triangulates its
exact location.

46. What is an altimeter, and which atmospheric property does it use to measure
altitude?

(A) An altimeter uses radar to bounce signals off the ground (B) An altimeter
measures altitude by sensing atmospheric pressure, which decreases predictably with
increasing altitude (C) An altimeter uses GPS signals to determine altitude (D) An
altimeter measures temperature to determine altitude

Write the answer

47. What is the jet stream, and how do pilots use it to save fuel on long flights?
Answer:

48. What is an Instrument Landing System (ILS), and why is it critical for landing in
poor visibility?
Answer:

49. A pilot is flying at 30,000 feet and the outside temperature is -50°C. The altimeter
reads 30,000 feet, but the actual pressure altitude is 31,500 feet because the air is
colder than standard. Why does cold air cause this error?



50. What is wake turbulence, and why must air traffic controllers separate aircraft by
distance based on their size?

Match each question to its answer

1. Why do airplanes typically fly at altitudes of 30,000-40,000 feet for long-distance
flights rather than closer to the ground? -

2. How do weather radar systems on modern aircraft help pilots avoid dangerous
storms? -

3. What are METAR and TAF in aviation weather, and how do pilots use them? -

4, An airplane is flying toward a mountain range. The wind is blowing strongly from
the west, over the mountains. What types of turbulence and weather hazards should
the pilot expect on the downwind (east) side? -

5. Before GPS, how did pilots navigate across oceans where there were no landmarks
or radio beacons? -

(A) METAR is a current weather observation at an airport. TAF is a weather forecast
for the next 24-30 hours. Pilots read both to determine if conditions are safe for
departure, en route, and arrival.

(B) Mountain wave turbulence with strong downdrafts on the lee side, possible rotor
turbulence near the surface, and lenticular clouds indicating severe turbulence aloft

(C) Weather radar transmits radio waves that bounce off precipitation (rain, hail).
The radar display shows precipitation intensity in colors (green/yellow/red/magenta),
allowing pilots to route around the heaviest cells.

(D) At high altitude, air is much thinner, so there is less drag and engines burn less
fuel. Also, weather is mostly below, and winds aloft can be used as tailwinds.

(E) They used celestial navigation (star positions), dead reckoning (calculating
position from heading, speed, and time), and inertial navigation systems (gyroscopes
tracking acceleration)

6. History of Aviation — From Wright Brothers to

Space

Circle the correct answer

51. In what year did the Wright brothers achieve the first sustained, controlled,
powered flight, and where did it take place?

(A) August 8, 1895, at Cape Canaveral, Florida (B) July 4, 1900, in Dayton, Ohio (C)
March 15, 1910, in Paris, France (D) December 17, 1903, at Kitty Hawk, North Carolina



52. What three key innovations made the Wright brothers' airplane succeed where
others failed?

(A) Metal construction, pressurized cabin, and retractable landing gear, and this is
the standard approach used in most cases (B) Jet engines, radar, and GPS navigation,
and this has been consistently demonstrated in practice (C) Wing warping for roll
control, a wind tunnel for accurate aerodynamic data, and a lightweight custom
engine with sufficient power-to-weight ratio (D) Radio communication, automatic
pilot, and de-icing systems, making this the most widely accepted explanation

53. Who was the first person to fly solo nonstop across the Atlantic Ocean, and in what
year?

(A) Charles Lindbergh in 1927, flying the Spirit of St. Louis from New York to Paris (B)
Howard Hughes in 1935, flying from Los Angeles to London (C) Amelia Earhart in 1932,
flying from London to New York (D) Orville Wright in 1915, flying from Boston to
Dublin

54. What was the 'sound barrier, and who was the first person to fly faster than the
speed of sound?

(A) The sound barrier is a wall of sound at 500 mph that prevents aircraft from flying.
Neil Armstrong broke it in 1962. (B) The sound barrier was the believed physical limit
of speed (Mach 1) where shock waves caused extreme turbulence and structural
failure. Chuck Yeager broke it in 1947 flying the Bell X-1. (C) The sound barrier is when
radio communication fails. Howard Hughes broke it in 1938. (D) The sound barrier is
when engines become too loud and shut down. Amelia Earhart broke it in 1937.

55. How did World War Il accelerate aviation technology?

(A) WWII drove rapid development of jet engines, radar, pressurized cabins, long-
range navigation, and mass aircraft production — technologies that directly enabled
postwar commercial aviation (B) WWII's main aviation contribution was inventing the
parachute, making this the most widely accepted explanation (C) WWII only improved
military aircraft — commercial aviation was unaffected, making this the most widely
accepted explanation (D) WWII slowed aviation development because all resources
went to ground warfare

56. What was the Concorde, and why did it stop flying?

(A) The Concorde was a supersonic passenger airliner (Mach 2) that flew from 1976 to
2003. It stopped due to the 2000 crash, 9/11 travel downturn, extremely high operating
costs, and limited routes. (B) The Concorde was a military fighter jet that was
converted for passenger use, which is why this approach is recommended by experts
(C) The Concorde stopped because it was too slow compared to modern jets (D) The
Concorde was a space shuttle variant for civilian passengers, and this has been
consistently demonstrated in practice



Write the answer

57. Who was Bessie Coleman, and why was her achievement in aviation significant?

58. How did the invention of the jet engine change commercial aviation compared to
propeller-driven airliners?
Answer:

59. What were the key design features of the Boeing 747 that made it revolutionary
when it was introduced in 1970?

60. Amelia Earhart disappeared in 1937 while attempting to fly around the world.
Based on what we know about 1930s aviation technology, analyze the biggest
technical challenges she faced.

Answer:

Match each question to its answer

1. What was the Space Race, and how did it build on aviation technology? -

2. What were Leonardo da Vinci's contributions to aviation, even though he lived 400
years before the first airplane? -

3. Compare the Wright Flyer (1903) with a modern Boeing 787 Dreamliner. What key
technologies bridge the gap between them? -

4. The de Havilland Comet was the world's first jet airliner (1952) but suffered
catastrophic crashes due to metal fatigue around its square windows. What
engineering lesson did the aviation industry learn? -

5. Several companies are developing new supersonic passenger airplanes (like Boom
Supersonic's Overture). Evaluate whether supersonic commercial flight will succeed
this time, considering lessons from the Concorde. -

(A) Da Vinci designed detailed flying machines including an ornithopter (flapping-
wing aircraft), a helicopter-like aerial screw, and a parachute. While never built
successfully, his scientific approach to studying bird flight and aerodynamics laid
conceptual groundwork.

(B) The Space Race (1957-1969) was the US-Soviet competition to achieve spaceflight
firsts. It built directly on aviation technology: rocket engines, pressurized cabins, life
support, navigation systems, and heat-resistant materials all evolved from aircraft
research.

(C) Square corners create stress concentrations where cracks start and grow with
each pressurization cycle. All subsequent aircraft use rounded (oval or circular)
windows to distribute stress evenly and prevent fatigue cracking.



(D) Key bridging technologies: metal then composite construction, piston to jet
engines, visual to instrument navigation, manual to fly-by-wire controls, wood to
carbon fiber materials, 12 seconds to 18-hour endurance

(E) Success depends on: sustainable aviation fuel to address emissions, overland
sonic boom solutions, lower operating costs through modern materials and engines,
sufficient demand at premium prices, and regulatory approval for new routes. The
Concorde's failures must be addressed.

7. Aircraft Design and Engineering Challenges

Circle the correct answer

61. An aircraft designer needs the plane to carry more cargo but also fly farther. Which
engineering concept best describes this situation?

(A) A manufacturing defect requiring recall (B) An aerodynamic impossibility that
cannot be solved (C) Design trade-off between payload capacity and range (D) A
safety violation requiring redesign

62. Why do commercial aircraft like the Boeing 787 use composite materials instead of
all-aluminum construction?

(A) Composites make the plane invisible to radar (B) Composites are lighter and
stronger, improving fuel efficiency and corrosion resistance (C) Composites are
cheaper to manufacture than aluminum (D) Aluminum is too soft to withstand flight
forces

63. What is the primary purpose of a wind tunnel in aircraft design?

(A) To train pilots in high-wind conditions (B) To test aerodynamic properties of
aircraft models before building full-size versions (C) To generate electricity for the
aircraft factory (D) To cool aircraft engines during ground testing

64. An engineer is designing a wing and must choose between a high aspect ratio
(long, narrow) and a low aspect ratio (short, wide). For a long-distance passenger
plane, which is better and why?

(A) High aspect ratio — narrow wings look more modern (B) High aspect ratio — it
produces less induced drag, improving fuel efficiency for long flights (C) Low aspect
ratio — short wings are always stronger (D) Low aspect ratio — wider wings hold
more passengers

65. What does 'fail-safe design' mean in aviation engineering?

(A) The aircraft can continue to operate safely even if one component fails (B) The
aircraft is guaranteed to never experience any failures (C) The pilot receives a
warning before any part breaks (D) Failed parts automatically repair themselves in



flight

66. A flight test reveals that a new aircraft design experiences dangerous wing flutter
at high speeds. Which engineering design step should the team perform next?

(A) Abandon the design and start over completely (B) Add more engines to
overpower the flutter (C) Analyze the flutter data, identify the cause, and modify the
wing stiffness or mass distribution (D) Simply limit the aircraft to lower speeds
permanently

Write the answer

67. Why do modern commercial aircraft have swept-back wings rather than straight
wings?
Answer:

68. What is the purpose of pressurizing an aircraft cabin at high altitudes?
Answer:

69. An aircraft manufacturer is comparing two wing designs. Design A generates 15%
more lift but 25% more drag than Design B. For a fuel-efficient passenger aircraft,
which design is likely better?

70. What is the role of computational fluid dynamics (CFD) in modern aircraft design?
Answer:

Match each question to its answer

1. Why do aircraft landing gear retract into the fuselage or wings during flight? -

2. A new aircraft design must meet three constraints: maximum takeoff weight of
80,000 kg, minimum range of 5,000 km, and maximum wingspan of 36 meters (for
airport gate compatibility). Which constraint most directly limits the wing's aspect
ratio? -

3. What is metal fatigue, and why is it critically important in aircraft design? -

4. You are tasked with designing an aircraft for short takeoff and landing (STOL)
operations on small runways. Which wing feature would you prioritize? -

5. Why do most modern airliners mount their engines under the wings rather than in
the tail? >

(A) Metal fatigue is the weakening of metal through repeated stress cycles, which can
cause structural failure without warning

(B) To reduce parasitic drag, since exposed landing gear creates significant air
resistance

(C) Maximum wingspan — it caps how long the wings can be, limiting aspect ratio



(D) Under-wing engines provide structural relief by counteracting wing bending
loads, and are easier to maintain
(E) Large, effective flap systems to dramatically increase lift at low speeds

8. Capstone — The Future of Flight and

Aerospace Innovation

Circle the correct answer

71. What is the biggest engineering challenge preventing fully electric commercial
aircraft for long-haul flights?

(A) There are no electric motors powerful enough for aircraft (B) Electricity cannot
be used at high altitudes (C) Electric aircraft would be too quiet for air traffic control
to detect (D) Battery energy density is far too low — current batteries store about 50
times less energy per kilogram than jet fuel

72. Sustainable Aviation Fuel (SAF) is considered a near-term solution for reducing
aviation's carbon footprint. What is SAF typically made from?

(A) Renewable sources like used cooking oil, agricultural waste, or synthesized from
captured CO2 and green hydrogen (B) Standard gasoline with added carbon filters,
and this principle applies across similar situations (C) Compressed natural gas mixed
with water, and this has been consistently demonstrated in practice (D) Refined
uranium for nuclear-powered flight, making this the most widely accepted explanation

73. How do unmanned aerial vehicles (drones) use GPS, accelerometers, and
gyroscopes together to maintain stable flight?

(A) GPS provides position, accelerometers detect movement changes, and
gyroscopes measure rotation — the flight controller fuses all three for precise stability
(B) These sensors only work when the drone is connected to the internet, making this
the most widely accepted explanation (C) Accelerometers control speed while
gyroscopes control direction, and this has been consistently demonstrated in practice
(D) Only GPS is needed; the other sensors are backup, making this the most widely
accepted explanation

74. The blended wing body (BWB) aircraft design merges the fuselage and wings into a
single lifting surface. What is its primary advantage over conventional tube-and-wing
designs?

(A) The entire body generates lift, dramatically reducing drag and improving fuel
efficiency by 20-30% (B) BWB aircraft can carry twice as many passengers in the
same space (C) BWB aircraft can fly backwards in emergencies (D) BWB aircraft are
easier and cheaper to manufacture



75. What is Urban Air Mobility (UAM), and what engineering challenges must be solved
before it becomes a reality?

(A) UAM is a drone delivery system for packages only, and this principle applies
across similar situations (B) UAM is a weather prediction system for urban airports,
and this has been consistently demonstrated in practice (C) UAM is a new type of
subway system that uses air pressure, as this directly follows from the underlying
principles (D) UAM is electric vertical takeoff aircraft for city transportation, requiring
advances in battery technology, noise reduction, air traffic management, and safety
certification

76. Hydrogen-powered aircraft are being developed as a zero-emission alternative.
What are the two main approaches to using hydrogen for aircraft propulsion?

(A) Mixing hydrogen with jet fuel, or using hydrogen as a coolant (B) Using
hydrogen to create nuclear fusion, or splitting it for chemical rockets (C) Burning
hydrogen directly in modified gas turbine engines, or using hydrogen fuel cells to
generate electricity for electric motors (D) Injecting hydrogen into the cabin for
buoyancy, or heating it for thrust

Write the answer

77. SpaceX's Falcon 9 rocket can land its first stage booster and be reused. How does
reusability change the engineering design compared to expendable rockets?
Answer:

78. Supersonic passenger flight ended when Concorde retired in 2003. New companies
like Boom Supersonic are trying to bring it back. What was the main reason Concorde
was economically unsustainable?

Answer:

79. What is the sonic boom, and why is it a major obstacle for supersonic flight over
land?
Answer:

80. How does 3D printing (additive manufacturing) change what's possible in aircraft
component design?

Match each question to its answer

1. What is the International Space Station's orbital speed, and why must it travel so
fast? -

2. Autonomous (pilotless) cargo aircraft are being developed. Compare the
engineering advantages and risks of autonomous flight versus piloted flight for a
cargo airline. =



3. What is the Karman line, and why is it significant in aerospace? -

4. Formation flying (where aircraft fly in close formation like migrating birds) is being
researched for commercial aviation. How does it save fuel? -

5. What role do satellites play in modern aviation safety and efficiency? -

(A) Advantages: no crew fatigue, lower operating costs, optimized flight profiles;
Risks: handling unexpected scenarios, cybersecurity, public trust, certification
challenges

(B) The Karman line is the boundary at 100 km altitude where aerodynamic flight
becomes impossible and space begins

(C) About 28,000 km/h (17,500 mph) — this speed creates enough centripetal
acceleration to match Earth's gravitational pull, maintaining a stable orbit

(D) Satellites provide GPS navigation, weather data, communication over oceans, and
surveillance for air traffic control

(E) Trailing aircraft ride in the upwash from the lead aircraft's wingtip vortices,
reducing their own induced drag

9. Aviation & Flight

Circle the correct answer

81. Which of Newton's laws explains how a rocket launches?
(A) First law (B) Law of universal gravitation (C) Third law (D) Second law

82. What is the name of the force that pushes a rocket forward?
(A) Thrust (B) Lift (C) Drag (D) Weight

83. What type of fuel do solid rocket boosters use?
(A) Kerosene (B) Liquid hydrogen (C) Solid propellant (D) Nuclear fuel

84. What is the minimum speed an object must reach to enter orbit around Earth?
(A) About 5,000 km/h (3,100 mph) (B) About 100,000 km/h (62,000 mph) (C) About
1,200 km/h (750 mph) (D) About 28,000 km/h (17,500 mph)

85. What gas is commonly used as an oxidizer in liquid-fueled rockets?
(A) Carbon dioxide (B) Liquid oxygen (C) Liquid helium (D) Liquid nitrogen

86. What is the region of the atmosphere that a rocket must pass through to reach
space called?

(A) The ionosphere only (B) The thermosphere and exosphere (C) The troposphere
only (D) The stratosphere only

Write the answer



87. Why do rockets have multiple stages that separate during flight?

Match each question to its answer

1. Why must rocket engines work differently in space than in Earth's atmosphere? -
2. A model rocket has a mass of 0.5 kg and its engine produces 10 N of thrust. What is
its acceleration at launch? (Ignore air resistance; g =10 m/s2.) -

3. If a rocket engine expels 100 kg of gas per second at a speed of 3,000 m/s, what is
the thrust produced? -

4, A two-stage rocket has a first stage mass of 20,000 kg and a second stage of 5,000
kg. After the first stage burns out and separates, what fraction of the original mass
does the second stage represent? -

5. You are designing a water rocket for a school project. How could you increase the
thrust of your rocket? -

(A) There is no atmospheric oxygen in space to support combustion
(B) One-quarter (25%)

(C) 10 m/s?

(D) 300,000 N

(E) Increase the water pressure inside the bottle before launch

10. Aviation & Flight

Circle the correct answer

91. What does the acronym UAV stand for?
(A) Ultrasonic Air Vessel (B) Underwater Autonomous Vehicle (C) Universal
Aviation Vehicle (D) Unmanned Aerial Vehicle

92. How many rotors does a standard quadcopter have?
(A) Six (B) Eight (C) Two (D) Four



93. What is the maximum altitude at which recreational drone pilots can legally fly in
the United States (FAA rules)?

(A) 5,000 feet (about 1,500 meters) (B) 1,000 feet (about 300 meters) (C) 100 feet
(about 30 meters) (D) 400 feet (about 120 meters)

94. What is the primary force that keeps a drone hovering in place?
(A) Magnetism from the earth (B) Buoyancy from the air (C) Lift generated by the
spinning rotors (D) Thrust from a jet engine

95. What technology do most drones use to determine their exact position in the sky?

(A) X-ray imaging (B) GPS (Global Positioning System) (C) Sonar, based on the
typical behavior observed in controlled experiments (D) Radar, which is what the
experimental evidence consistently shows

96. What is the term for a drone that flies a pre-programmed route without real-time
human control?
(A) Autonomous flight (B) Analog flight (C) Line-of-sight flight (D) Manual flight

Write the answer

97. On a quadcopter, two rotors spin clockwise and two spin counterclockwise. Why is
this arrangement necessary?
Answer:

98. How does a quadcopter move forward without tilting a rotor mechanically?
Answer:

99. Why are LiPo (lithium polymer) batteries preferred for drones over heavier battery
types?
Answer:

Match each question to its answer

1. Why do drone regulations require pilots to maintain visual line of sight (VLOS) with
their aircraft? -

2. A drone weighs 2 kg and has four identical rotors. If it is hovering, how much lift
force must each rotor produce? (Use g = 10 m/s2.) -

3. A farmer wants to survey a rectangular field that is 500 m long and 200 m wide
using a drone flying at 10 m/s. If the drone flies in straight lines along the length, how
many minutes would one complete pass along the 500 m length take? -

4, You are programming a drone to fly a square patrol route. Each side of the square is
100 meters. At each corner, the drone must rotate 90 degrees. What is the total



distance the drone travels to complete one loop? -

5. A drone's battery provides 20 minutes of flight time at sea level. At a higher altitude
where the air is thinner, would the flight time increase or decrease? Explain your
reasoning. -

(A) 400 meters

(B) Decrease, because the rotors must spin faster in thinner air to generate the same
lift, using more battery power

(C) So the pilot can see and avoid other aircraft, people, and obstacles

(D) 5 N per rotor

(E) 50 seconds (less than 1 minute)

11. Aviation & Flight

Circle the correct answer

101. What is the name of the aircraft component that generates lift?
(A) Engine (B) Rudder (C) Fuselage (D) Wing

102. What is the cross-sectional shape of a wing called?
(A) Ailerons (B) Airfoil (C) Fuselage profile (D) Winglet

103. What are the four forces that act on an aircraft in flight?
(A) Speed, altitude, direction, and fuel (B) Lift, weight, thrust, and drag (C) Lift,
gravity, friction, and torque (D) Push, pull, spin, and stop

104. What is the name of the facility used to test aircraft models in controlled airflow?
(A) Flight simulator (B) Wind tunnel (C) Hangar (D) Launch pad

105. What material are most modern commercial aircraft fuselages primarily made of?
(A) Wood and fabric (B) Pure titanium (C) Solid steel (D) Carbon fiber composite

106. What is the hinged surface on the trailing edge of a wing that controls roll called?
(A) Flap (B) Elevator (C) Aileron (D) Rudder

Write the answer

107. Why is a teardrop (streamlined) shape more aerodynamic than a flat plate?
Answer:

108. How do flaps on a wing help an airplane during landing?
Answer:



109. Why are winglets (the upturned tips on modern airplane wings) beneficial?

110. Why do engineers build and test scale models before constructing a full-size
aircraft?
Answer:

Match each question to its answer

1. What is the relationship between wing angle of attack and lift? -

2. You are designing a paper airplane for maximum distance. Should you use wide
wings or narrow wings? Explain your choice. -

3. An engineer is testing two wing designs in a wind tunnel. Design A produces 500 N
of lift and 50 N of drag. Design B produces 450 N of lift and 30 N of drag. Which design
is more aerodynamically efficient? -

4, A prototype airplane keeps rolling to the left during test flights. Which control
surface and adjustment would fix this? -

5. You need to design a wing for a cargo plane that carries very heavy loads. Would
you choose a thick or thin airfoil, and why? -

(A) Design B, because its lift-to-drag ratio (15:1) is higher than Design A's (10:1)

(B) Adjust the ailerons — slightly raise the left aileron and lower the right aileron to
level the wings

(C) Narrow wings, because they produce less drag while still generating sufficient lift
for a light paper airplane

(D) A thick airfoil, because it generates more lift at lower speeds, which is important
for heavy aircraft during takeoff and landing

(E) Increasing the angle of attack increases lift up to a point, beyond which the wing
stalls and lift drops dramatically

12. Aviation & Flight

Circle the correct answer

111. Who are credited with achieving the first sustained, controlled, powered heavier-
than-air flight in 1903?

(A) Charles Lindbergh (B) Amelia Earhart (C) The Montgolfier brothers (D) The
Wright brothers (Orville and Wilbur Wright)



112. What historic achievement is Amelia Earhart best known for?

(A) She designed the first commercial airplane (B) She invented the jet engine (C)
She was the first woman to fly solo across the Atlantic Ocean in 1932 (D) She was the
first person to walk on the Moon

113. What is the job title of the person responsible for guiding aircraft safely during
takeoff, landing, and while in the air near airports?
(A) Air traffic controller (B) Baggage handler (C) Flight attendant (D) Airline CEO

114. What was the name of the first jet-powered commercial airliner to enter regular
service?
(A) de Havilland Comet (B) Boeing 747 (C) Wright Flyer (D) Concorde

115. What engineering degree is most directly related to designing aircraft?
(A) Civil engineering (B) Chemical engineering (C) Aerospace engineering (D)
Marine engineering

116. What was the Concorde, and why was it significant in aviation history?

(A) A supersonic commercial airliner that flew passengers faster than the speed of
sound from 1976 to 2003 (B) The first helicopter, which is the most common
explanation for this phenomenon (C) A World War | fighter plane, which is why this
approach is recommended by experts (D) A space shuttle, which is why this approach
is recommended by experts

Write the answer

117. Why was the Wright brothers' use of wing warping a breakthrough in early
aviation?
Answer:

118. Why did the failures of the de Havilland Comet ultimately improve aviation safety
for all future aircraft?
Answer:

119. What does an air traffic controller need to understand about the 'separation
minimum' between aircraft?

Match each question to its answer



1. Why are there so many different career roles needed to keep a single commercial
flight operating safely? -

2. You want to become an aerospace engineer. What high school subjects should you
focus on to prepare for this career? -

3. An airline wants to reduce its carbon emissions. Based on aviation history's trend
toward efficiency, which approach would have the greatest impact? -

4, You are writing a report about the Tuskegee Airmen. How would you describe their
significance in both military and civil rights history? -

5. A student is interested in working in aviation but does not want to be a pilot or
engineer. Suggest an aviation career path that involves working with technology and
data. -

(A) Mathematics (especially calculus), physics, and computer science

(B) They were the first African American military pilots in the U.S., who proved their
excellence in combat during WWII and helped pave the way for desegregation of the
U.S. military

(C) Modern aviation is an extremely complex system requiring specialized experts in
piloting, maintenance, air traffic control, weather, dispatch, and safety

(D) Replacing older aircraft with modern fuel-efficient designs that use advanced
materials and engines

(E) Aviation meteorologist — using weather data, satellite imagery, and computer
models to forecast conditions that affect flight safety and routing

13. Four Forces of Flight

Circle the correct answer

121. An airplane needs to climb to a higher altitude. What must happen to the four
forces?

(A) Drag must be greater than thrust (B) Lift must be greater than weight (C) All
four forces must be equal (D) Weight must be greater than lift

122. What are the three axes of rotation for an airplane?

(A) Horizontal, vertical, and diagonal, and this principle applies across similar
situations (B) Speed, altitude, and direction, as this directly follows from the
underlying principles (C) Forward, backward, and sideways, making this the most
widely accepted explanation (D) Pitch (nose up/down), roll (wings tilt side to side),
and yaw (nose turns left/right)



123. What is the 'boundary layer' on an aircraft's surface?

(A) The gap between the wing and the fuselage (B) A force field that surrounds the
airplane during flight (C) A thin layer of air directly on the surface where friction
slows the air from full speed to zero at the surface (D) The painted outer coating that
protects the airplane from rain

124. A company proposes a 'perpetual motion' airplane engine that generates thrust
by recycling its own exhaust. Evaluate whether this could work.

(A) It would work in space where there's no air resistance, which is the most
common explanation for this phenomenon (B) It's possible with the right materials —
scientists just haven't found them yet, and this principle applies across similar
situations (C) This violates the laws of thermodynamics. Some energy is always lost
to heat and friction in every cycle. You cannot create a perpetual motion machine —
the exhaust always has less usable energy than the fuel that created it. (D) It could
work if the engine was perfectly designed with zero friction, making this the most
widely accepted explanation

125. Design a weather avoidance strategy for a pilot planning a 4-hour cross-country
flight that will encounter a large area of thunderstorms midway through the route.

(A) Fly as fast as possible and hope to beat the storms, which is why this approach is
recommended by experts (B) Climb above the thunderstorms — they never reach
above 20,000 feet, which is the most common explanation for this phenomenon (C)
Follow other airplanes that seem to be getting through okay, which is the most
common explanation for this phenomenon (D) Check weather forecasts and radar
before departure, plan alternate routes around the storm area, carry extra fuel for
deviation, set personal weather minimums, identify alternate airports along the route,
and be willing to delay or cancel if storms are too widespread to deviate around
safely.

126. Why do commercial airplanes not fly in perfectly straight lines between cities on
a map, but instead follow curved paths (great circles)?

(A) A great circle is actually the shortest distance between two points on a sphere. A
straight line on a flat map is NOT the shortest distance on the curved Earth — it just
looks shorter due to map projection distortion. (B) Airlines use curved paths to fly
over more cities and pick up passengers, which is why this approach is recommended
by experts (C) Curved paths avoid restricted military airspace, which is why this
approach is recommended by experts (D) Airplanes can't fly in straight lines because
of the Coriolis effect

Write the answer



127. What was the SR-71 Blackbird, and what made it remarkable from an engineering
perspective?

128. Design a simple experiment to test which wing shape creates the most lift using
paper airplanes. Describe your controlled variables, changed variable, and how you
would measure results.

Answer:

129. What is metal fatigue, and why is it critically important in aircraft design?
Answer:

130. You are tasked with designing an aircraft for short takeoff and landing (STOL)
operations on small runways. Which wing feature would you prioritize?
Answer:

Match each question to its answer

1. How do fly-by-wire systems improve aircraft design compared to traditional
mechanical controls? -

2. A team is designing an electric aircraft. The battery weighs the same at landing as at
takeoff, unlike fuel which burns off. How does this affect the structural design
compared to a conventional aircraft? -

3. What is the function of a black box (flight data recorder) in aviation safety
engineering? -

4, Why are aircraft fuselages circular or near-circular in cross-section? -

5. Aviation currently produces about 2-3% of global CO2 emissions. Propose a multi-
pronged strategy to reduce aviation's carbon footprint by 50% within 20 years,
considering that air travel demand is growing. -

(A) The wing and landing gear must be designed for heavier landing loads since the
aircraft doesn't get lighter during flight

(B) Circular shapes distribute pressurization loads evenly, minimizing stress
concentrations and allowing lighter construction

(C) It records flight data and cockpit audio to help investigators determine the cause
of accidents

(D) Computers interpret pilot inputs and optimize control surface movements,
enabling designs that would be unstable with manual controls

(E) Combine fleet modernization (fuel-efficient aircraft), SAF adoption (30-50%
blend), operational improvements (optimized routes, continuous descent), and
electric/hybrid short-haul aircraft



14. Four Forces of Flight

Circle the correct answer

131. You notice that cargo planes have much bigger wings than fighter jets. Using what
you know about the four forces, explain why.

(A) Cargo planes need bigger wings because they fly at higher altitudes (B) Fighter
jets don't actually need wings to fly because their engines are so powerful (C) Bigger
wings help cargo planes fly faster than fighter jets (D) Cargo planes are much heavier,
so they need larger wings to generate enough lift to counteract their greater weight

132. A student is building a rubber-band-powered model airplane. The propeller spins
clockwise when viewed from the front. The airplane keeps turning to the left during
flight. Which control surface adjustment would fix this?

(A) Reverse the propeller to spin counterclockwise (B) Add a slight right trim tab
deflection on the rudder to counteract the propeller's torque effect (C) Make the
wings bigger to overpower the turning force (D) Add more rubber bands for extra
speed

133. Formation flying (where aircraft fly in close formation like migrating birds) is
being researched for commercial aviation. How does it save fuel?

(A) Trailing aircraft ride in the upwash from the lead aircraft's wingtip vortices,
reducing their own induced drag (B) Flying close together reduces the weight of each
aircraft (C) Formation flying creates a vacuum that pulls all aircraft forward (D)
Formation flying blocks the wind, so only the lead aircraft experiences drag

134. Design a hybrid propulsion system for a regional aircraft that combines the
benefits of electric motors and jet engines. Describe how each power source would be
used during different phases of flight.

(A) Use the jet engine to power a giant fan that recharges batteries mid-flight, as this
is what research and standard practice suggests (B) Use electric motors only during
cruise and jet engines only on the ground, and this principle applies across similar
situations (C) Use electric motors for taxi and quiet takeoff from urban airports, jet
engine for climb and cruise where long range is needed, electric assist during landing
for noise reduction. Batteries recharge from jet-driven generators during cruise. (D)
Run both engines at full power simultaneously at all times, and this is the standard
approach used in most cases

135. What is a microburst, and why is it especially dangerous during takeoff and
landing?

(A) A microburst is a powerful, localized downdraft that hits the ground and spreads
outward. During takeoff/landing, it can first increase then rapidly decrease the
airplane's airspeed, causing loss of lift near the ground. (B) A microburst is a brief



increase in air pressure that helps airplanes take off, and this is the standard
approach used in most cases (C) A microburst is a miniature tornado that forms on
the runway, as this directly follows from the underlying principles (D) A microburst is
a tiny explosion inside the engine, and this is the standard approach used in most
cases

136. A pilot flying at night notices the stars seem to rotate around one point in the sky.
Which direction is the pilot facing if that point is directly ahead?

(A) South — because that's where the brightest stars are (B) North — the star
Polaris (North Star) is located nearly at the celestial north pole, and all other stars
appear to rotate around it (C) East — because the stars rise in the east (D) West —
because the stars set in the west

Write the answer

137. What were Leonardo da Vinci's contributions to aviation, even though he lived 400
years before the first airplane?
Answer:

138. What does 'fail-safe design' mean in aviation engineering?
Answer:

139. An engineer is designing a wing and must choose between a high aspect ratio
(long, narrow) and a low aspect ratio (short, wide). For a long-distance passenger
plane, which is better and why?

140. What is the purpose of pressurizing an aircraft cabin at high altitudes?
Answer:

Match each question to its answer

1. How does the V-tail design (used on some aircraft like the Beechcraft Bonanza)
differ from the conventional tail, and what trade-off does it introduce? -

2. Morphing wings — wings that can change shape during flight — are being
developed. How would this technology improve aircraft performance compared to
current designs? -

3. What provides the thrust force for a propeller airplane? -

4, What are slats, and where are they located on an airplane wing? -

5. What is the 'equal transit time' theory of lift, and why do many physics teachers
now consider it an incomplete explanation? -



(A) V-tail combines elevator and rudder functions into two angled surfaces, reducing
drag but adding control complexity

(B) Morphing wings could optimize their shape for each flight phase (takeoff, cruise,
landing), eliminating the compromise of a single fixed wing design

(C) The spinning propeller pushes air backward, moving the plane forward

(D) Slats are movable panels on the leading edge (front) of the wing that extend to
increase lift at low speeds

(E) This theory claims air molecules split at the leading edge must reunite at the
trailing edge simultaneously, so air goes faster over the curved top. In reality, air over
the top actually arrives BEFORE the bottom air — the 'equal transit time' assumption is
wrong.

15. Four Forces of Flight

Circle the correct answer

141. A pilot wants to make a left turn. Which control surfaces does the pilot use, and
how?

(A) Left aileron up and right aileron down to roll left, plus rudder to the left to
coordinate the turn (B) The elevator goes down to push the plane to the left (C)
Only the rudder swings to the left, like steering a car (D) Both ailerons go up at the
same time to lift the left wing

142. What is the aspect ratio of a wing, and how is it calculated?

(A) Aspect ratio is wingspan divided by average wing width (chord). It describes how
long and thin or short and stubby a wing is. (B) Aspect ratio is the wing's weight
divided by its area (C) Aspect ratio is the speed at which the wing starts generating
lift (D) Aspect ratio is the angle between the wing and the fuselage

143. Why do modern turbofan engines have such large fan diameters compared to
older jet engines?

(A) Larger fans move more bypass air at lower speed, increasing the bypass ratio for
better fuel efficiency and lower noise, while generating the same or more thrust (B)
Larger fans are needed because modern airplanes are heavier (C) Larger fans cool
the engine better to prevent overheating, and this is the standard approach used in
most cases (D) Larger fans are purely decorative to make the engine look more
powerful, making this the most widely accepted explanation

144, What is wind shear, and how can pilots detect it during approach to landing?

(A) Wind shear is a sudden change in wind speed or direction over a short distance.
Pilots detect it through airspeed fluctuations, rate of descent changes, onboard wind
shear detection systems, and pilot reports (PIREPs) from other aircraft. (B) Wind



shear is when wind blows the airplane sideways across the runway, as this is what
research and standard practice suggests (C) Wind shear can only be detected by
weather radar on the ground, and this has been consistently demonstrated in practice
(D) Wind shear is the same as regular turbulence and isn't especially dangerous, which
is the most common explanation for this phenomenon

145. A pilot is flying at 30,000 feet and the outside temperature is -50°C. The altimeter
reads 30,000 feet, but the actual pressure altitude is 31,500 feet because the air is
colder than standard. Why does cold air cause this error?

(A) Cold air makes the altimeter display freeze and read incorrectly, making this the
most widely accepted explanation (B) Cold air is denser, so pressure decreases faster
with altitude than in standard atmosphere. The altimeter thinks it's lower than it
actually is because the pressure at its actual altitude matches a lower altitude in
standard conditions. (C) Cold temperatures cause the altimeter batteries to weaken,
which is why this approach is recommended by experts (D) Cold air is lighter, so the
airplane floats higher than the instruments show, and this principle applies across
similar situations

146. Who was the first person to fly solo nonstop across the Atlantic Ocean, and in
what year?

(A) Howard Hughes in 1935, flying from Los Angeles to London (B) Amelia Earhart in
1932, flying from London to New York (C) Charles Lindbergh in 1927, flying the Spirit of
St. Louis from New York to Paris (D) Orville Wright in 1915, flying from Boston to
Dublin

Write the answer

147. You are the chief engineer for a startup designing an aircraft for the year 2045.
Write a design brief specifying your aircraft's mission, propulsion type, materials,
passenger capacity, and range, with engineering justifications for each choice.

148. A company proposes solar-powered aircraft for continuous high-altitude flight
(acting as pseudo-satellites). Evaluate whether this is feasible for providing internet
coverage to remote areas.

Answer:

149. What role do satellites play in modern aviation safety and efficiency?
Answer:

Match each question to its answer



1. What is the name of the wing shape that is curved on top and flatter on the bottom,
designed to create lift? -

2. What is the 'area rule' in aircraft design, and why did it dramatically improve jet
fighter performance in the 1950s? -

3. What is the biggest engineering challenge preventing fully electric commercial
aircraft for long-haul flights? -

4, Some people claim that Bernoulli's principle is the 'wrong' explanation for how
wings generate lift, and that Newton's Third Law is the 'correct' one. Evaluate this
claim. >

5. The rudder is located on the vertical tail fin. What type of movement does it
control? -

(A) Both are valid, complementary explanations of the same phenomenon. Bernoulli
describes the pressure mechanism; Newton describes the momentum change. Neither
alone tells the complete story.

(B) Battery energy density is far too low — current batteries store about 50 times
less energy per kilogram than jet fuel

(C) An airfoil

(D) Yaw — swinging the nose left or right

(E) The area rule states that an airplane's total cross-sectional area should change
smoothly along its length. Where wings add area, the fuselage must narrow — this
reduces transonic wave drag.

16. Four Forces of Flight

Circle the correct answer

151. A pilot reports that their plane keeps slowing down even though the engine is
running. Which force is most likely the problem?

(A) Drag is greater than thrust, causing the plane to decelerate (B) Lift is too strong,
pushing the plane backward (C) Weight is pulling the plane backward (D) Gravity is
increasing as the plane flies

152. Why does the horizontal stabilizer on an airplane's tail have a fixed surface plus a
movable elevator, rather than being entirely movable?

(A) The fixed part blocks wind so the elevator works better (B) The fixed part is
cheaper to build, so it saves money (C) The fixed surface provides constant stability,
while the movable elevator allows the pilot to make controlled pitch adjustments (D)
An entirely movable tail would make the plane fly backward



153. A storm system has passed through the area, and the pilot notices the barometric
pressure is rapidly rising. What weather conditions should the pilot expect in the
coming hours?

(A) Clearing skies, improving visibility, decreasing precipitation, and possibly strong
winds as the high-pressure system moves in behind the storm (B) Another even
stronger storm is approaching, which is the most common explanation for this
phenomenon (C) Rising pressure always means turbulence will increase, which is the
most common explanation for this phenomenon (D) No change — pressure changes
don't affect weather, as this directly follows from the underlying principles

154. A new GPS system claims 100% reliability with no backup needed. Evaluate this
claim from an aviation safety perspective.

(A) No evaluation is needed — any GPS system approved by the manufacturer is safe,
as this is what research and standard practice suggests (B) No system is 100%
reliable. GPS can be affected by solar storms, satellite failures, jamming, or spoofing.
Aviation safety requires redundant backup navigation systems — relying on any single
system creates an unacceptable single point of failure. (C) The claim is valid because
GPS technology is mature and proven (D) The claim is valid because 31 satellites
provide enough redundancy

155. Compare the Wright Flyer (1903) with a modern Boeing 787 Dreamliner. What key
technologies bridge the gap between them?

(A) The only change is that modern planes are bigger, and this has been consistently
demonstrated in practice (B) The main difference is that the 787 uses solar power,
which is the most common explanation for this phenomenon (C) There are no
common principles — they are completely different machines, and this has been
consistently demonstrated in practice (D) Key bridging technologies: metal then
composite construction, piston to jet engines, visual to instrument navigation, manual
to fly-by-wire controls, wood to carbon fiber materials, 12 seconds to 18-hour
endurance

156. A new aircraft design must meet three constraints: maximum takeoff weight of
80,000 kg, minimum range of 5,000 km, and maximum wingspan of 36 meters (for
airport gate compatibility). Which constraint most directly limits the wing's aspect
ratio?

(A) All three constraints affect aspect ratio equally (B) Maximum takeoff weight —
heavier planes need shorter wings (C) Maximum wingspan — it caps how long the
wings can be, limiting aspect ratio (D) Minimum range — longer range requires lower
aspect ratio

Write the answer



157. The blended wing body (BWB) aircraft design merges the fuselage and wings into
a single lifting surface. What is its primary advantage over conventional tube-and-
wing designs?

Answer:

158. A glider has no engine. Analyze how it can stay in the air for hours without any
thrust.
Answer:

159. What is the empennage of an airplane?
Answer:

Match each question to its answer

1. What is an altimeter, and which atmospheric property does it use to measure
altitude? -

2. A pilot is planning a 500-nautical-mile flight. The forecast shows a 50-knot
headwind at cruise altitude and a 30-knot crosswind. The airplane cruises at 250 knots
true airspeed. Calculate the approximate ground speed. -

3. How does a ramjet engine differ from a turbojet, and why can a ramjet only work at
high speeds? -

4, What type of engine did the Wright brothers use in 1903, and why was it significant?
N

5. What does Bernoulli's principle state about the relationship between air speed and
pressure? -

(A) A custom-built inline four-cylinder gasoline piston engine. It was significant
because no existing engine was light enough and powerful enough for flight, so they
designed their own.

(B) Ground speed = 250 - 50 = 200 knots (the crosswind affects drift angle but has
minimal effect on ground speed since it's perpendicular to the flight path)

(C) As the speed of a moving fluid (like air) increases, its pressure decreases

(D) An altimeter measures altitude by sensing atmospheric pressure, which
decreases predictably with increasing altitude

(E) A ramjet has no spinning compressor — it relies on the airplane's high forward
speed to ram air into the engine and compress it. Below about Mach 0.5, there isn't
enough ram pressure to compress the air.

Riddle & Joke Break



Guess the answer, then check the key!

161. Why did the airplane break up with the helicopter?

162. What do you call a pilot who's always telling jokes?

163. Why did the wing feel unappreciated?

164. What did Bernoulli say to the airfoil?

165. Why was the drag force always the villain?

166. What did thrust say to weight?

Answer Key
1. D — Lift, weight (gravity), thrust, and drag
2. B — Lift
3. B— Drag
4. B — The spinning propeller pushes air backward, moving the plane forward
5. C— They are balanced — lift equals weight, and thrust equals drag
6. C— Drag slows it down, reducing lift, and gravity pulls it down
7. Lift increases as speed increases
8. Lift — larger wings generate more lift force
9. Lift must be greater than weight
10. It increases weight at the front, which can improve stability but also requires
more lift to stay airborne
Matching (The Four Forces of Flight — Understanding What Makes Things Fly):
1D, 2B, 35A, 4>C, 5>E
1. B — The fuselage
12. D — Pitch (nose up/down), roll (wings tilt side to side), and yaw (nose turns
left/right)
13. A — Ailerons
14. A — It controls pitch — moving the nose up or down
15. C — Yaw — swinging the nose left or right



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

A — Flaps extend from the inner wing to increase lift and drag for
takeoff/landing; ailerons are on the outer wing and control roll

The fixed surface provides constant stability, while the movable elevator allows
the pilot to make controlled pitch adjustments

Left aileron up and right aileron down to roll left, plus rudder to the left to
coordinate the turn

Right rudder to keep the nose pointed down the runway, and left aileron down to
bank slightly into the wind

Slightly forward of the wing's center of lift, about one-quarter to one-third back

from the leading edge of the wing
Matching (Airplane Parts and Controls — Anatomy of an Aircraft): 1A, 2-E, 3->C,
4-D,5->B

D — As the speed of a moving fluid (like air) increases, its pressure decreases

A — A thin layer of air directly on the surface where friction slows the air from
full speed to zero at the surface

B — Aspect ratio is wingspan divided by average wing width (chord). It describes
how long and thin or short and stubby a wing is.

B — The wing deflects air downward (action), and the air pushes the wing upward

with an equal and opposite force (reaction) — this is the Newtonian explanation
of lift

A — A stall occurs when the angle of attack becomes too steep, causing airflow to
separate from the upper wing surface and lift to drop dramatically

D — Parasitic drag (caused by the airplane's shape pushing through air) and
induced drag (caused by wingtip vortices as a byproduct of generating lift)

Swept wings reduce the effective airspeed over the wing surface, delaying the
formation of shock waves and reducing wave drag at high subsonic speeds

Airfoil A generates more lift at low speeds (good for takeoff/landing); Airfoil B
produces less drag at high speeds (good for cruising)

Streamline the fuselage shape, add winglets, retract the landing gear during
flight, and use smooth surface finishes

About 20,000 Newtons — lift increases with the square of velocity, so doubling
speed quadruples lift

Matching (Aerodynamics and Wing Design — Shaping the Sky): 1D, 2->A, 3-E,
4-C,5->B



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

A — They accelerate a mass of air backward, and by Newton's Third Law, the
engine is pushed forward

C — Suck (intake air), squeeze (compress it), bang (burn fuel in it), blow (expel
hot exhaust)

A — A turbofan has a large fan at the front that moves a big mass of air around
the engine core (bypass air), making it more fuel-efficient and quieter

A — A jet engine core spins a propeller through a gearbox. Most thrust comes
from the propeller, with some from the exhaust.

A — A custom-built inline four-cylinder gasoline piston engine. It was significant

because no existing engine was light enough and powerful enough for flight, so
they designed their own.

B — The ratio of air flowing around the engine core (bypass) to air flowing
through the core. Higher bypass ratios mean better fuel efficiency.

Jet engines need atmospheric air as their oxygen source and working fluid.

Rockets carry their own oxygen (oxidizer) and fuel, so they don't need external
air.

The propeller airplane is more fuel-efficient at this speed because propellers

move a large mass of air at low speed, which is inherently more efficient than
moving a small mass at high speed

The compressor squeezes incoming air to high pressure before combustion.

Multiple stages are needed because each row only increases pressure slightly —
many rows together achieve the required compression ratio.

Yes — net forward force is 50,000 - 10,000 = 40,000 N. Mass = 200,000/9.8 =

20,408 kg. Acceleration = 40,000/20,408 = 1.96 m/s2. This is close to 2 m/s?, so it's
just barely sufficient.

Matching (Engines and Propulsion — The Power of Flight): 1>E, 2-A, 3B, 4->C,
5->D

A — Turbulence is caused by irregular air motion, including thermal updrafts, jet

streams, mountain waves, and wind shear between air masses moving at
different speeds or directions

C — Thunderstorms produce severe turbulence, icing, hail, lightning, wind shear,

microbursts, and reduced visibility — all of which can damage the aircraft or
cause loss of control

B — Icing occurs when supercooled water droplets freeze on contact with the
aircraft's cold surfaces, disrupting the smooth airflow over the wings and



4y,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

reducing lift while increasing drag and weight

D — A microburst is a powerful, localized downdraft that hits the ground and

spreads outward. During takeoff/landing, it can first increase then rapidly
decrease the airplane's airspeed, causing loss of lift near the ground.

D — GPS receivers calculate position by measuring the time delay of signals from

multiple satellites. By knowing each satellite's position and the time each signal
took to arrive, the receiver triangulates its exact location.

B — An altimeter measures altitude by sensing atmospheric pressure, which
decreases predictably with increasing altitude

The jet stream is a narrow band of very strong high-altitude winds (150-250 mph).

Pilots fly with the jet stream as a tailwind to save fuel on eastbound flights and
avoid it on westbound flights.

ILS provides radio beams that guide the airplane along the correct glide path and

centerline to the runway, allowing safe landings when pilots can't see the runway
until the last moment

Cold air is denser, so pressure decreases faster with altitude than in standard

atmosphere. The altimeter thinks it's lower than it actually is because the
pressure at its actual altitude matches a lower altitude in standard conditions.

Wake turbulence consists of powerful spinning vortices trailing behind an

aircraft's wingtips. Larger, heavier aircraft produce stronger vortices that can flip
a smaller following aircraft if it flies through them.

Matching (Weather and Navigation — Flying Through the Atmosphere): 15D, 2-C,
3-A, 4-B,5->E

D — December 17, 1903, at Kitty Hawk, North Carolina

C — Wing warping for roll control, a wind tunnel for accurate aerodynamic data,
and a lightweight custom engine with sufficient power-to-weight ratio

A — Charles Lindbergh in 1927, flying the Spirit of St. Louis from New York to Paris

B — The sound barrier was the believed physical limit of speed (Mach 1) where

shock waves caused extreme turbulence and structural failure. Chuck Yeager
broke it in 1947 flying the Bell X-1.

A — WWII drove rapid development of jet engines, radar, pressurized cabins,

long-range navigation, and mass aircraft production — technologies that directly
enabled postwar commercial aviation

A — The Concorde was a supersonic passenger airliner (Mach 2) that flew from
1976 to 2003. It stopped due to the 2000 crash, 9/11 travel downturn, extremely



57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

high operating costs, and limited routes.

Bessie Coleman was the first African American and Native American woman to

hold a pilot's license (1921). She had to travel to France to learn to fly because no
American flight school would accept her due to racial and gender discrimination.

Jet engines enabled higher speeds (500+ mph vs 300 mph), higher altitudes

(above most weather), longer range, smoother rides, and dramatically cheaper
air travel through larger aircraft and fuel efficiency at speed

The wide-body design with two aisles, the distinctive upper deck 'hump, capacity

for 400+ passengers, and range to fly nonstop across oceans — all at a lower cost
per seat than any previous aircraft

Limited navigation (celestial navigation and dead reckoning over open ocean), no

weather radar, unreliable radio communication over long distances, limited fuel
capacity requiring precise navigation to small island refueling stops, and no
emergency location beacons

Matching (History of Aviation — From Wright Brothers to Space): 1B, 2-A, 3D,
4->C,5->E

C — Design trade-off between payload capacity and range

B — Composites are lighter and stronger, improving fuel efficiency and corrosion
resistance

B — To test aerodynamic properties of aircraft models before building full-size
versions

B — High aspect ratio — it produces less induced drag, improving fuel efficiency
for long flights

A — The aircraft can continue to operate safely even if one component fails

C — Analyze the flutter data, identify the cause, and modify the wing stiffness or
mass distribution

Swept wings delay the onset of shock waves at transonic speeds, reducing drag

To maintain breathable air pressure for passengers since atmospheric pressure
drops dangerously at cruise altitude

Design B — the lower drag outweighs the lift advantage because drag directly
impacts fuel consumption

CFD uses computer simulations to model airflow around aircraft, reducing the

need for physical wind tunnel tests
Matching (Aircraft Design and Engineering Challenges): 1B, 2->C, 3>A, 4-E,



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

5-D

D — Battery energy density is far too low — current batteries store about 50
times less energy per kilogram than jet fuel

A — Renewable sources like used cooking oil, agricultural waste, or synthesized
from captured CO2 and green hydrogen

A — GPS provides position, accelerometers detect movement changes, and

gyroscopes measure rotation — the flight controller fuses all three for precise
stability

A — The entire body generates lift, dramatically reducing drag and improving fuel
efficiency by 20-30%

D — UAM is electric vertical takeoff aircraft for city transportation, requiring

advances in battery technology, noise reduction, air traffic management, and
safety certification

C — Burning hydrogen directly in modified gas turbine engines, or using
hydrogen fuel cells to generate electricity for electric motors

Reusable rockets need landing systems, heat shielding for re-entry, stronger

structures for multiple flights, and extra fuel for landing — adding weight but
reducing cost per flight

Extreme fuel consumption at supersonic speeds made ticket prices too high for
enough passengers to fill flights profitably

A sonic boom is the shockwave produced when an aircraft exceeds the speed of
sound, creating a loud noise that disturbs people on the ground

3D printing enables complex internal structures impossible with traditional

manufacturing, reducing weight while maintaining strength
Matching (Capstone — The Future of Flight and Aerospace Innovation): 1>C, 2A,
3->B, 4->E,5->D

C — Third law

A — Thrust

C — Solid propellant

D — About 28,000 km/h (17,500 mph)
B — Liquid oxygen

B — The thermosphere and exosphere



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

To shed empty weight and improve efficiency
Air rushes out one end, pushing the balloon the opposite way
They are in continuous free-fall around Earth

The payload is the cargo being delivered; the propellant is the fuel and oxidizer
Matching (Aviation & Flight): 1A, 2->C, 35D, 4B, 5>E

D — Unmanned Aerial Vehicle

D — Four

D — 400 feet (about 120 meters)

C — Lift generated by the spinning rotors

B — GPS (Global Positioning System)

A — Autonomous flight

To cancel out the torque that would otherwise cause the drone body to spin
The rear rotors spin faster than the front rotors, tilting the whole drone forward

LiPo batteries have a high energy-to-weight ratio, providing more power for less
weight

To keep the camera stable and level even when the drone tilts or vibrates
Matching (Aviation & Flight): 1>C, 2D, 3->E, 4>A, 5>B

D — Wing

B — Airfoil

B — Lift, weight, thrust, and drag
B — Wind tunnel

D — Carbon fiber composite

C — Aileron

A streamlined shape allows air to flow smoothly around it, reducing turbulence
and drag

Flaps increase both lift and drag, allowing the plane to fly slower without stalling

Winglets reduce wingtip vortices, which decreases drag and improves fuel
efficiency

Scale models reveal aerodynamic problems at a fraction of the cost and risk of a



1.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

full-size prototype
Matching (Aviation & Flight): 15E, 2-C, 3A, 4B, 55D

D — The Wright brothers (Orville and Wilbur Wright)

C — She was the first woman to fly solo across the Atlantic Ocean in 1932
A — Air traffic controller

A — de Havilland Comet

C — Aerospace engineering

A — A supersonic commercial airliner that flew passengers faster than the speed
of sound from 1976 to 2003

It gave the pilot control over the aircraft's roll, allowing sustained and controlled
flight rather than just brief hops

The crashes led to the discovery of metal fatigue from pressurization cycles,
prompting new design standards and testing requirements for all aircraft

It is the minimum safe distance (horizontal and vertical) that must be maintained
between aircraft to prevent collisions

The urgency of war drove rapid advances in jet engines, radar, pressurized

cabins, and long-range aircraft that later transformed commercial aviation
Matching (Aviation & Flight): 1>C, 2-A, 35D, 4B, 5>E

B — Lift must be greater than weight

D — Pitch (nose up/down), roll (wings tilt side to side), and yaw (nose turns
left/right)

C — A thin layer of air directly on the surface where friction slows the air from
full speed to zero at the surface

C — This violates the laws of thermodynamics. Some energy is always lost to heat

and friction in every cycle. You cannot create a perpetual motion machine — the
exhaust always has less usable energy than the fuel that created it.

D — Check weather forecasts and radar before departure, plan alternate routes

around the storm area, carry extra fuel for deviation, set personal weather
minimums, identify alternate airports along the route, and be willing to delay or
cancel if storms are too widespread to deviate around safely.

A — A great circle is actually the shortest distance between two points on a

sphere. A straight line on a flat map is NOT the shortest distance on the curved
Earth — it just looks shorter due to map projection distortion.



127. The SR-71was a US reconnaissance aircraft that flew at Mach 3.3+ (over 2,200

mph) at 85,000 feet. Its titanium construction, special fuel, and ability to outrun
missiles made it an engineering marvel that held speed records for decades.

128. Change only wing shape while keeping paper type, throw force, and throw angle
constant; measure flight distance and hang time as lift indicators

129. Metal fatigue is the weakening of metal through repeated stress cycles, which
can cause structural failure without warning

130. Large, effective flap systems to dramatically increase lift at low speeds
Matching (Four Forces of Flight): 1D, 2-A, 3->C, 4B, 5>E

131. D — Cargo planes are much heavier, so they need larger wings to generate
enough lift to counteract their greater weight

132. B — Add a slight right trim tab deflection on the rudder to counteract the
propeller's torque effect

133. A — Trailing aircraft ride in the upwash from the lead aircraft's wingtip vortices,
reducing their own induced drag

134. C — Use electric motors for taxi and quiet takeoff from urban airports, jet engine

for climb and cruise where long range is needed, electric assist during landing
for noise reduction. Batteries recharge from jet-driven generators during cruise.

135. A — A microburst is a powerful, localized downdraft that hits the ground and

spreads outward. During takeoff/landing, it can first increase then rapidly
decrease the airplane's airspeed, causing loss of lift near the ground.

136. B — North — the star Polaris (North Star) is located nearly at the celestial north
pole, and all other stars appear to rotate around it

137. Da Vinci designed detailed flying machines including an ornithopter (flapping-

wing aircraft), a helicopter-like aerial screw, and a parachute. While never built
successfully, his scientific approach to studying bird flight and aerodynamics laid
conceptual groundwork.

138. The aircraft can continue to operate safely even if one component fails

139. High aspect ratio — it produces less induced drag, improving fuel efficiency for
long flights

140. To maintain breathable air pressure for passengers since atmospheric pressure

drops dangerously at cruise altitude
Matching (Four Forces of Flight): 1A, 2B, 3->C, 4D, 5>E

141. A — Left aileron up and right aileron down to roll left, plus rudder to the left to



142.

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

coordinate the turn

A — Aspect ratio is wingspan divided by average wing width (chord). It describes
how long and thin or short and stubby a wing is.

A — Larger fans move more bypass air at lower speed, increasing the bypass ratio

for better fuel efficiency and lower noise, while generating the same or more
thrust

A — Wind shear is a sudden change in wind speed or direction over a short

distance. Pilots detect it through airspeed fluctuations, rate of descent changes,
onboard wind shear detection systems, and pilot reports (PIREPs) from other
aircraft.

B — Cold air is denser, so pressure decreases faster with altitude than in

standard atmosphere. The altimeter thinks it's lower than it actually is because
the pressure at its actual altitude matches a lower altitude in standard
conditions.

C — Charles Lindbergh in 1927, flying the Spirit of St. Louis from New York to Paris

A regional hybrid-electric aircraft (150 passengers, 2,000 km range) using

hydrogen fuel cells for cruise and batteries for takeoff/landing, with advanced
composite airframe and morphing wing elements

Feasible for low-power missions — solar panels can sustain flight above weather

at 20+ km altitude, but limited payload capacity and nighttime battery
requirements are significant constraints

Satellites provide GPS navigation, weather data, communication over oceans, and
surveillance for air traffic control

The Karman line is the boundary at 100 km altitude where aerodynamic flight

becomes impossible and space begins
Matching (Four Forces of Flight): 1-C, 2-E, 3B, 4>A, 55D

A — Drag is greater than thrust, causing the plane to decelerate

C — The fixed surface provides constant stability, while the movable elevator
allows the pilot to make controlled pitch adjustments

A — Clearing skies, improving visibility, decreasing precipitation, and possibly
strong winds as the high-pressure system moves in behind the storm

B — No system is 100% reliable. GPS can be affected by solar storms, satellite
failures, jamming, or spoofing. Aviation safety requires redundant backup
navigation systems — relying on any single system creates an unacceptable
single point of failure.



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

D — Key bridging technologies: metal then composite construction, piston to jet

engines, visual to instrument navigation, manual to fly-by-wire controls, wood to
carbon fiber materials, 12 seconds to 18-hour endurance

C — Maximum wingspan — it caps how long the wings can be, limiting aspect
ratio

The entire body generates lift, dramatically reducing drag and improving fuel
efficiency by 20-30%

Gliders use rising columns of warm air (thermals) and their efficient wing design
to trade altitude for speed, generating lift without an engine

The tail section, including the horizontal stabilizer, vertical stabilizer, elevator,
and rudder

Parasitic drag (caused by the airplane's shape pushing through air) and induced

drag (caused by wingtip vortices as a byproduct of generating lift)
Matching (Four Forces of Flight): 15D, 2-B, 3>E, 4->A, 5>C

It needed more space to take off!

The captain of comedy -- really soaring with the punchlines!

Because everyone only noticed it when there was turbulence!

"You're under a lot of pressure -- well, actually, less pressure on top!"
Because it slowed everyone down!

"I'm always pushing us forward while you just bring us down!"

Spark & Anvil is a 501(c)(3) public charity. Apps + books are free forever.
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