One-Dimensional Motion
FACILITATOR NOTES

Overview

In this activity, students analyze, predict and control the motion of a motorized vehicle as it travels in one direction along a one-dimensional path.
Goals of the Activity

· Analyze and model a real motion as a set of simple motions, determining average speed, instantaneous speed and acceleration for each segment.
· Use graphs and data about past motions to predict how the object will move under different conditions.
· Apply their understanding to control motion, programming the vehicle to stop at arbitrary locations.
Standards

National Science Education Standards (NRC)

B.
Physical Science

Motion and Forces
--- The motion of an object can be described by its position, direction of motion, and speed. This motion can be measured and represented on a graph. (5-8)

--- Objects change their motion only when a net force is applied. Laws of motion are used to calculate precisely the effect of forces on the motion of objects. (9-12)

E

Science and Technology
Abilities of Technological Design

-- Implement a proposed design (9-12)

-- Evaluate technological designs or products (9-12)
Understandings about Science and Technology
-- Science and Technology are pursued for different purposes. Scientific inquiry is driven by the desire to understand the natural world, and technological design is driven by the need to meet human needs and solve human problems. (9-12)

Standards for Technological Literacy (ITEA)
2

Core Concepts of Technology
-- Controls are mechanisms or particular steps that people perform using information about the system that causes systems to change. (6-8)
-- Systems which are the building blocks of technology are embedded within larger technological, social, and environmental systems. (9-12)
11

Apply the Design Process
-- Refine a design by using prototypes and modeling to ensure quality, efficiency, and productivity of the final product. (9-12)

-- Evaluate the design solution using conceptual, physical and mathematical models at various intervals of the design process in order to check for proper design and to note areas where improvements are needed. (9-12)

12

Use and Maintain Technological Products and Systems
-- Use computers and calculators to access, retrieve, organize, process, maintain, interpret, and evaluate data and information in order to communicate. (9-12)

Secondary School Math Standards (NCTM)

Algebra
-- understand relations and functions and select, convert flexibly among, and use various representations for them. (9-12)
-- approximate and interpret rates of change from graphical and numerical data. (9-12)
Connections
-- Recognize and apply mathematics in contexts outside of mathematics. (9-12)

Representations
-- Use representations to model and interpret physical, social, and mathematical phenomena. (9-12)

College Math Standards (Crossroads in Mathematics)

C-2
Symbolism and Algebra
-- translate problem situations into their symbolic representations and use those representations to solve problems.
C-4
Function
-- Demonstrate understanding of the concept of function by several means (verbally, numerically, graphically, and symbolically) and incorporate it as a central theme into their use of mathematics.
Equipment/Software Needed

FOR EACH GROUP OF 2 TO 6 STUDENTS:

Graphs of position vs. time and velocity vs. time 
Masking tape

FOR THE CLASS:

Pasco variable-speed motorized cart or an alternative vehicle
Two-meter stick

TI-83 or TI-84 graphing calculator

CBL, CBL2 or LabPro with Basic Switch (The Binary Basic Trainer with a 5-V relay may substitute for the Basic Switch.
Motion detector (If not using the Pasco cart and the graphs provided here.)
CALCULATOR PROGRAM: SIGNAL

Activity Set Up


[image: image1]Prepare the motorized vehicle and control system.
· If you are using the Pasco variable-speed motorized cart and the graphs provided here, do several trial runs powering the cart for 1 second and adjust the variable speed control to move a total of 0.27 m with 1 second of power.
· If you are using an alternative vehicle such as an RC car collect data for the vehicle as it is powered for 1 second. Either prepare graphs in advance for the class or prepare to guide them as they make their own graphs.

Pre-Activity Discussion

It is important that the demonstration, prediction and test described here be completed before distributing the Participant Handout. 

Demonstrate the motion of the vehicle when powered for 1 second without making any measurements. Guide the class to an agreed method for measuring displacement, for example as the change in position of the front wheels or the nose of the vehicle. Place a 2-meter stick (or 2 1-meter sticks) beside the cart to facilitate measurements and power the vehicle again for 1 second.
Have a representative for each team measure the displacement, then challenge each group to predict how far the vehicle will move if it is powered for 2 seconds instead of 1 second. All members of each team should write their names on a single piece of masking tape and place the tape where they believe the cart will stop.
When all groups have placed their tape, ask each group to explain the basis for its prediction. Many are likely to predict “twice as far as before,” but some may say “a little more than twice as far, because it is already moving when it begins the second second.” Accept any reasons they provide, but encourage discussion among the groups.

Some students may complain that they don’t have enough information to make a prediction. Agree that more information would be helpful, and ask them to specify what additional information they would like to have. Assure the students that all you want is an “intelligent guess.” There is not enough information available to make a reliable prediction, but it is still possible to make a prediction. They will have a chance to refine their predictions later.

[image: image7.jpg]N
N




Run the vehicle for 2 seconds and let the students verify the results. Repeat the process if the students want to estimate the variability in the equipment. They should find that the actual distance traveled is a few centimeters less than twice the original measurement. (Note: this result will occur so long as the vehicle takes longer to decelerate than it does to accelerate. Avoid using vehicles which either stop very quickly or—worst of all—decelerate at the same rate they accelerate.)
Avoid answering questions about “why,” but give the students the graphs (or help them collect graphs) so that they can analyze the motion in more detail.

Facilitating the Activity

Part 1: Analyzing Motion
Circulate among the groups, listening carefully to their ideas. Do not be surprised if the language they use is different from the typical textbook language—that means they are thinking about it for themselves not just repeating formulas they have memorized.

Some students will elect a purely graphical method to predict the motion under 2 seconds of power, even cutting apart 2 copies of the graphs and pasting them together to develop their prediction of the new graph.

Other students (particularly those who have already seen “the equations of uniformly accelerated motion) will try to use an algebraic approach. Encourage them to understand the motion here is not uniform acceleration. The standard equations work only if students consider the three segments (positive acceleration, constant velocity, negative acceleration) separately.
A very few students might even produce a graph on an equation describing displacement as a function of powered time. AS LONG AS THE CART HAS ENOUGH TIME TO REACH ITS CONTSTANT SPEED, the relationship is linear with a slope equal to the constant speed). The relationship is more complex for very short powered times.

Other students (perhaps the best scientists) catch on to the simple fact that neither the acceleration nor the deceleration phase will change with addition powered time. Extra seconds of power simply add more time at constant velocity.
Part 2: Predicting Motion
The predictions and physical tests in this part serve to test the students understanding. Groups which recognize the central role of time at constant velocity should achieve good results. There are a few occasions where students manage to get the right answer for wrong reasons (perhaps luck or by watching the results of other groups) so it is important that students be able to explain their reasons verbally as well as demonstrating them physically.
There are also occasions in which physical variations (weak batteries or an accidental change to the speed control) which cause wrong answers despite a correct analysis. Point out that random and systematic errors are always a part of real experiments and real technology and base your praise and your grade on the logic, not just on the physical outcome. You might even want to discuss the fact that real systems actually use feedback to assure consistent results. No good driver is so confident of reaching the other end of a 120-mile freeway in precisely 2 hours at 60 miles/hour that she or he would feel it is unnecessary to watch for the exit ramp. Predictions are useful even when we have to allow for unexpected variations.
You can also vary the test, for example by giving them a random time for their prediction just before they actually do the test. Be careful to avoid times less than about 0.3 seconds unless you want to make the analysis much more challenging.

Part 3: Controlling Motion
As with the predictions in Part 2, encourage students either graphical, conceptual or algebraic methods. For groups who are struggling, emphasize the idea that the acceleration period and the deceleration period are constant, while only the middle period at constant velocity changes. In the graph provided, the vehicle achieves a nearly constant speed of about .225 m/s after 0.4 s. This 0.4 s of power results in a total displacement of about 0.14 m (the total of the students’ answers to questions 4 and 7 in part 1). If the vehicle needs to go 0.75 m, for example and the first 0.4 s of power cause it to move 0.14 m, that leaves another 0.61m needed at constant speed.
The general solution is the answer to the Challenge Question:  D = 0.14 + (t-0.4s) x .225 m/s. Solving for t, t = 0.4 s + (D-0.14 m) / 0.225 m/s

Post-Activity Discussion

Emphasize that (1) models can be very useful, even though they are never perfectly precise, (2) paying attention to acceleration can greatly improve the precision of predictions, and (3) graphs, algebraic equations and physical models can all represent the same motions and they can all help to improve our understanding of that motion.
Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:
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1) A subway train accelerates uniformly from rest to 35 m/s in 18 s, travels at constant speed for 168 s, then decelerates uniformly for 24 s before stopping at the next station. Find:
a. the total distance traveled, and

b. the average speed of the train during its motion.

2) A car moves along an interstate highway for 60 minutes as shown in the position vs. time graph at right.  Describe the motion carefully in words.  Include a careful description of how the car’s velocity changes.

3) Four cars start from rest, and accelerate for 5 seconds as shown by the velocity vs. time graphs below. Rank the cars based on the distance they will travel in 5 seconds, from the one that will travel the greatest distance to the one that will travel the least distance. Clearly indicate any ties.
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Greatest Distance 1_____ 2____ 3____ 4____ Least Acceleration

Or, all 4 will travel the same distance. _____

Please explain the reasoning for your ranking. 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

How sure were you of your reasoning? (Circle one)

Basically guessed             Sure                     Very sure

    1     2     3     4     5     6     7     8     9     10
Extending the Activity

By providing students with the Sonic Ranger or a CBR, you can allow them to collect data about the motion of many different vehicles.

As written, the activity does not address forces, but these are particularly easy to calculate for the deceleration phase. During this period, the net force on the vehicle is simply the frictional force, which can be determined by direct measurement (towing the vehicle with a scale) and by F = ma, using the measured mass and acceleration. Net force from the motor during acceleration is more complex, although it can be investigated by having the vehicle pull against a static scale. It is also possible to change the inertia of the vehicle by adding masses.

Other possible extensions include inquiry into the energy transformations, particularly electrical energy consumed vs. kinetic energy.
Troubleshooting
If the system fails to operate, check all connecting cables and make sure the batteries in the LabPro or CBL2 are fresh.
Weak batteries in the LabPro or CBL2 may cause it to shut down the relay prematurely. If the system behaves erratically, try replacing the batteries or switching to the AC adapter.
If the LabPro or CBL2 beeps unexpectedly when you run SIGNAL, you made need to upgrade the LabPro’s firmware. This program uses commands that were not included until firmware version 6.26. The upgrade and instructions are available on Vernier’s website at http://www.vernier.com/calc/flash.html
Additional Resources
There is extensive literature available on the web and elsewhere about motion control in industrial and engineering applications, including a tutorial from National Instruments at http://zone.ni.com/devzone/conceptd.nsf/webmain/722ECF56222AAD5086256F7B007072C4 and a resource paper with many additional links provided by Machine Design magazine at http://www.motion-controller.machinedesign.com/guiEdits/Content/bdeee1/bdeee1_1.aspx.
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