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Roller Coaster Science: Using Smartphones to Measure g-Forces
Inspired by The Physics Teacher’s:

“Analyzing Forces on Amusement Park Rides with Mobile Devices” 
by Rebecca E. Vieyra and Chrystian Vieyra
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Description: Students use smartphones to observe and analyze changes in g-Force on various amusement park rides.
Purpose: Relate the physical sensations experienced on amusement park rides to force systems, free-body diagrams, and relative motion.
NGSS Connections:

Disciplinary Core Ideas:

· Motion and Stability: Forces and Interactions: MS-PS2, HS-PS2

Crosscutting Concepts: 

· Scale, proportion, and quantity 
· Systems and system models
Science and Engineering Practices: 
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Analyzing and Interpreting Data
· Using Mathematics and Computational Thinking

· Constructing Explanations

· Obtaining, Evaluating, and Communicating Information 
Materials: 

· Access to amusement park rides
· Smartphone

· Smartphone app – many free apps for Android and iOS devices are available. Searching “sensors” in the app store results in a myriad of possible data collection apps.
· Appropriate equipment to restrain the smartphone in a single orientation on the students’ body (i.e. “workout arm bands” or a large pants or shirt pocket with a button or Velcro closure)

Prior Conceptual Understandings Required

· Types of forces
· Free-body diagrams

· Balanced/unbalanced systems

· Newton’s Laws of Motion

Lab Activities (in brief):

· Visit an amusement park and identify two separate rides in which the rider (1) experiences significant change in g-force, and (2) moves in uniform circular motion.
· Ride the ride with the significant change in g-force, and collect g-force data simultaneously. Take note of the general sensations that are felt (“heavy,” “light,” “normal”) and when they are felt along the ride.

· Ride the ride with the circular motion, and collect g-force data simultaneously. Take note of the general sensations that are felt. Collect any additional data on the ride that would be necessary to calculate tangential velocity and net force on the rider (radius of the rider’s circular motion, and period of motion).
· Display the data recorded from each of the rides for the following analysis:
· G-force analysis:
· Using a photograph or map of the ride, identify three points where different sensations were felt.

· Using the g-force data, match up the three points of analysis with the corresponding data.

· Describe how the g-forces change along the ride, noting the three points of interest, how this relates to the sensations felt and the force diagrams for an individual rider on the ride.

· Sketch proportional force diagrams with quantified numbers for all forces that can be calculated based upon the data.

· Circular motion analysis:
· Using a photograph of map of the ride, label any relevant measured dimensions.

· Draw a force diagram for a single rider on the ride at a point when experiencing uniform circular motion. Note which force vector or component of a force vector is the centripetal force.

· Calculate tangential velocity of the rider.

· Calculate centripetal acceleration of the rider.

Roller Coaster Science: Using Smartphones to Measure g-Forces

Student Worksheet

Note to teacher: Italicized commentary are notes for teachers. Red statements show sample correct student responses.
Purpose: Relate the physical sensations experienced on amusement park rides to force systems, free-body diagrams, and relative motion.
Guiding questions: 
Before your trip to the amusement park, prepare by learning how to measure g-force with your smartphone. Ensure that you know – from the data – which direction is “up” on the smartphone and how this affects the data produced.

While at the amusement park, you will collect data while simultaneously riding the rides. Ensure that your smartphone is secured to your body in a single dimension, either along your arm, chest, or thigh using a “workout” arm band or a buttoned pocket. As you ride the rides, note the sensations you feel – when do you feel “heavy,” “light,” or “normal”?


G-Forces on Ride #1

1. Choose any ride on which you expect to experience strong changes in g-force. List that ride below, and explain why you anticipate experiencing strong changes in g-force.
Changes in g-force (the ratio of normal force to gravitational force on an object) are the result of changes in motion (acceleration). Any ride that causes the rider to speed up, slow down, or change directions quickly will cause strong changes in g-force.
Ride the ride, and collect g-force data.

2. Provide an image of the ride (a photograph, an aerial image from the web, a snap-shot from the park map, or a simple sketch). Label three points of interest (where different sensation were felt) on the image of the ride below.
Encourage students to identify three very distinct points where the force diagrams will be quite different and sensations will be obvious. Good choices include (1) at rest before or after the ride, (2) a point near “free fall” when the rider is accelerating down, and (3) a point where the rider is accelerating upward.
3. Produce a graph of the g-force data. On the graph, identify which three points corresponding to the three physical points listed on the image in #2 above. 
Answers will vary. 
4. Describe how the g-forces changed along the ride, and explicitly describe your sensations and how the g-forces changed at the three points on your graph. Explain why the sensations you felt make sense in light of the data that you collected.

Answers will vary. 
Encourage students to think about inertia (the direction in which their bodies would tend to go at a given point without the influence of external forces) and external forces from the ride acting on the riders.
5. Using values from your graph, draw proportionally-accurate force diagram (free-body diagram) for you on the ride at the three points on your graph. Show work for any measured, assumed, and calculated values.

Answers will vary. 

Depending upon the level of the students, they can be asked to look only at g-force data along a single dimension, or to look at changes in all three dimensions. At the bare minimum, students should be capable of determining the magnitude and direction of their weight (Fg = (9.8 N/kg) m) and normal force (FN = g-force * Fg). If possible, encourage students to use three-dimensional data to determine any frictional or tension forces in balanced systems that can be calculated based upon the angle of the rider.

Circular Motion on Ride #2
6. Choose any ride on which you would experience – at least part of the time – uniform circular motion. Explain how you know that the circular motion is uniform.

Uniform circular motion is observed in rides that move in perfect circles and have a constant period of rotation.

7. Provide an image of the ride (a photograph, an aerial image from the web, a snap-shot from the park map, or a simple sketch). Label any dimensions of the ride that might be important for calculating centripetal acceleration or tangential velocity of the rider. If dimensions are measured, explain how this was done.
G-force data is very closely related to centripetal force. To calculate centripetal acceleration and tangential velocity, the mass of the rider, radius of the circular motion, and the period of the motion must be known. In non-horizontal rides, the angle of the rider with respect to the ground must also be known. Mass of the rider can be pre-measured using a bathroom scale. The radius of the circular motion can typically be determined by measuring “paces” around the circle or directly from the ride specifications. The period of the ride can be measured by timing the ride with a stopwatch. 
Ride the ride, and collect g-force data.

8. Produce a graph of the g-force data. Identify what components of the data are relevant to determining the centripetal force, and explain why.
Answers will vary. 
In the case of a horizontally-moving circular ride like a carousel, centripetal force can be determined from the rider’s weight and the horizontal g-force vector. In other rides, such as the “spinning swings,” angles must be considered and the horizontal component calculated by the students.
9. If necessary, calculate the centripetal force on you as you rode the ride during uniform circular motion. Provide justification, and, if appropriate, show work.
Answers will vary. 
10. Using values from your graph, draw a proportionally-accurate force diagram (free-body diagram) for you on the ride during uniform circular motion. Show work for any measured, assumed, and calculated values.
Answers will vary. 
At the bare minimum, students should be capable of determining the magnitude and direction of their weight (Fg = (9.8 N/kg) m) and normal force (FN = g-force * Fg). In many cases, the horizontally-directed  normal force is equivalent to the centripetal force.
11. Using values from the graph and any relevant measured dimensions, calculate the centripetal acceleration and the tangential velocity of the rider during uniform circular motion. 
Answers will vary. 
Centripetal acceleration can be determined by dividing the centripetal force by the mass of the rider. Tangential velocity can be determined using the graph’s data as well as the measure radius and using Fc = m (v2/r). Alternatively, velocity can be measured using the measured radius and the period of rotation of the ride: v = (2πr)/t.
12. Calculate the centripetal force on the rider not using data collected by the smartphone. How does this value compare to the value measured by the smartphone? Explain why there might be a difference.
Answers will vary. 
Using the separately measured velocity with measured radius and period, v = (2πr)/t, students can calculate the expected centripetal force using Fc = m (v2/r).
Want more lessons like this? Want a modifiable document? Visit aapt.org/k12
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