Text-Dependent Questions and Writing Prompt for Complex Text

Article Title: Everyday Mysteries: Why Don’t I Fall Out When a Roller Coaster Goes Upside Down?
Vocabulary Question:
1.  Using evidence from the text, differentiate between gravity and centripetal 
force.	

2. In paragraph 6, the author states that “Inertia is the force that presses your body to the outside of the loop as the train spins around.” The author also states “Although gravity is pulling you toward the earth, at the very top the acceleration force is stronger than gravity and is pulling you upwards, thus counteracting gravity.” In both cases, the author incorrectly uses the term force. How is the term force used incorrectly in each sentence?
Text Evidence/Content Questions:
1.	 According to the article, how is energy constantly transformed as a roller coaster travels up and down hills?

2.	What is Newton’s First Law of Motion? Use evidence from the text to explain why a roller coaster does not stay in motion.

3.  Explain how inertia and the shape of a loop counteract the force of gravity to keep riders from falling out when a roller coaster goes through a loop, traveling upside down.

Writing Prompt: 
Roller coasters are designed using the physics of force and motion. There are several contact and noncontact forces at work during a ride on a roller coaster. Identify each of the forces discussed in the text, and describe the role each one plays as riders travel up and down hills and upside down through loops of a roller coaster. Use evidence from the text to support your answer.


Text-Dependent Questions and Writing Prompt for Complex Text

Article Title: Everyday Mysteries: Why Don’t I Fall Out When a Roller Coaster Goes Upside Down?
Vocabulary Question:
1.  Using evidence from the text, differentiate between gravity and centripetal force.
They are both forces that act at a distance. Gravity is the force that pulls you toward the earth. Centripetal force is a “center seeking” force so the force is directed toward the center of the circle.
2. In paragraph 6, the author states that “Inertia is the force that presses your body to the outside of the loop as the train spins around.” The author also states that “Although gravity is pulling you toward the earth, at the very top the acceleration force is stronger than gravity and is pulling you upwards, thus counteracting gravity.” In both cases, the author incorrectly uses the term force. How is the term force used incorrectly in each sentence?
Inertia and acceleration are not forces. Inertia is an object’s resistance to a change in motion. Acceleration is a change in velocity- speed, direction, or both. It is centripetal force that is counteracting gravity.
Text Evidence/Content Questions:
1.	 According to the article, how is energy constantly transformed as a roller coaster travels up and down hills?

	A lift or cable pulls the train to the top of the first hill, which builds up a supply of potential energy. As the train travels down the hill, pulled by gravity, the stored energy is released as kinetic energy. This energy will get the train up the next hill, rebuilding the supply of potential energy.

2.	What is Newton’s First Law of Motion? Use evidence from the text to explain why a roller coaster does not stay in motion.

	Newton’s First Law of Motion states that “an object in motion tends to stay in motion, unless another force acts on it.” According to the text, wind resistance and the wheels rubbing along the track are the forces that slow the train down. This force is called friction. 

3.  Explain how inertia and the shape of a loop counteract the force of gravity to keep riders from falling out when a roller coaster goes through a loop, traveling upside down.

	As the roller coaster goes through a loop, the track causes the roller coaster to change direction by applying a centripetal force. Without the track forcing the train to move in a circular path, the train no longer has a center-directed force acting on it to cause it to move in that curved path. Gravity pulls the riders down, but inertia pushes the riders to the outside of the loop. The shape of the loop is important and it must be elliptical. A perfect circle would cause a centripetal force that is too strong for safety and comfort.

 Potential misconception/wrong answer: Students may confuse the terms “centripetal force” with “centrifugal force.” Centrifugal force is a “fake” force that pushes you away from the center of the circle of motion.

Writing Prompt: 
Roller coasters are designed using the physics of force and motion. There are several contact and noncontact forces at work during a ride on a roller coaster. Identify each of the forces discussed in the text, and describe the role each one plays as riders travel up and down hills and upside down through loops of a roller coaster. Use evidence from the text to support your answer.

Since 1817, roller coasters have thrilled riders with fast speeds and gravity-defying loops. Understanding how a roller coaster works is a study of force and motion. The energy transformation between potential and kinetic, and vice versa, move the train up and down the hills. Several forces, including gravity, friction, and centripetal force, must be considered by engineers as they design exciting, yet safe, roller coasters. 

To begin with, gravity plays a big role in the design and function of roller coasters. Gravity is a noncontact force that pulls riders toward the earth. Roller coaster trains do not have an engine so they are pulled up by a cable. This allows the train to overcome gravity. The height of the first hill is important because the higher the hill, the more gravitational potential energy the car has available. With more potential energy to transform into kinetic energy, the coaster will go faster and will be able to climb the second hill easier.

In order to counteract the force of gravity in a loop, engineers use carefully designed loops. The force at work in loops is centripetal force, another noncontact force. Centripetal force is what helps the riders remain in their seats. Engineers use elliptical loops rather than perfect circles in order to balance the forces of gravity and centripetal force to keep the roller coaster safe for the riders.

Finally, engineers must consider friction when designing a roller coaster. They must design the train to use wind resistance and the rubbing of the wheels on the track beneficially. If friction causes a roller coaster to slow down too much in the middle of the ride, the train could get stuck or fall off of the track during a loop. As the ride continues, the height of the series of loops a coaster has becomes less and less so that the train has enough energy to complete all of the loops. 

In sum, roller coasters can be a great example to investigate when studying the physics of force and motion. Engineers must design tracks and trains that balance gravity and centripetal force, use gravity as an advantage in increasing speed, and when to overcome friction or to use friction. In order to build longer coasters like the Steel Dragon or taller like Kingda Ka, engineers will continue to investigate force and motion.
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