Introducing the CBR and the CBL

with the
TI-73 Explorer

for Middle Grades
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Match the Graph

Graphs of real-world data cannot always be described with only one simple description or equation.   Often times, the graph is made up of separate pieces which together describe a problem or event.  If you move back and forth in front of a CBR (motion detector), your motion would be describe in separate pieces which together would describe the total motion.

In this activity, you will match your motion to a given graph by moving back and forth in from of the CBR (motion detector).   You will then describe your motion by writing a description of the pieces of the graph of your motion.

YOU NEED:

1 CBR (Calculator-Based Ranger) motion detecting device

1 TI-73 Graphing Calculator with Unit-to Unit Cable

1 Meter Stick (optional)

Masking Tape (optional)
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INSTRUCTIONS:

1. Set up the CBR on a table or desk, as shown in Figure 1.  The detector should be aimed at the waist or chest of an average student.  Depending on the level of your students and the purposes of the activity, you may opt to use the meter stick to measure ½-meter intervals from the detector.  Mark each interval on the floor with a piece of making tape.  Write the distance from the detector on the masking tape.

2. Select the APPS key on your calculator and select the CBL/CBR application.
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ACTIVITY DATA:

One of several distance vs. time graphs will be generated.   The scale markers on the vertical axis of the graph are in 1-meter marks.  You may choose to have the students discover the scale through multiple attempts to match the first graph.  Lead discussion about the places where the graphs begin and the speed and direction of the motion that duplicates the graph.

Sketch the resulting distance vs. time graph and write a description of the motion that  created the graph.
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Adapted from “Real-World math with the CBL System” by Brueningsen, et al.

Student Activity: Walk This Way
Materials: motion detector connected to a viewscreen calculator, a CBR motion detector with graphing calculator for each group of 3-4 students.

Procedures: Often students are asked to interpret distance over time graphs. In this activity, students experience seeing many examples quickly of their own

motion graphed over time. Students gain intuition for interpreting graphs as

they make connections between their own motion and the graphs of their

motion.

The classroom should be set up with an aisle down the middle. Set up a CBR

motion detector pointing down the aisle, connected to a viewscreen calculator,

so the class can see both the students walking down the aisle and the data

projected from the calculator on a screen in front of the room.
Explain that the motion detector sends out an ultrasonic pulse. The pulse

bounces off the walker, and the motion detector records the distance at that

time. The calculator displays the data as a graph with the distance measured

in meters and the time measured in seconds.

Run the CBR Ranger program or a similar program. Use the following

screens to set up the experiment, and then follow the instructions on the

screen.
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Ask a few students to walk one at a time in front of the motion detector.

Encourage students to walk differently - slowly, quickly, standing still, toward

the motion detector, away from the motion detector, etc.

After each walk, discuss the following:

What does the starting point represent?

What does a fast walk look like?

What does a slow walk look like?

What does a pause look like?

What does it look like when you walk away from the motion detector

or toward the motion detector?

Discuss a “straight” verses a “curved” graph. Point out that for
constant rates of change, we use a linear model to model the data.

Activity: Practice Walking Linear Graphs

Each group of 3-4 students will practice walking different linear graphs

using a CBR motion detector and a graphing calculator.

First Time: Hold the CBR motion detector and the calculator. Point the CBR motion detector at the wall and practice walking the graphs.

Second Time: Have the group hold the motion detector and calculator. Point

the motion detector at one person in the group. As a group, instruct the

walker on how to walk the graph.
NOTE:  This activity is adapted from a Texteam Institute developed by the UT Dana Center.


Activity: Practice Walking Graphs

Practice walking the following graphs using a motion detector.
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Assessment: Linear Motion

Match the description with the graph.
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_____ 1. Start one meter away from the motion detector. Walk slowly away from the motion detector for about 3 seconds, stand still for about 4 seconds, and then walk quickly away from the motion detector for about 3 seconds.

_____ 2. Start 3 meters away from the motion detector, and walk away from it at a moderate rate for about 3 seconds. Stand still for about 4 seconds, and then walk quickly toward the motion detector for 3 seconds.

_____ 3. Start 2 meters away from the motion detector, and walk toward it at a moderate rate for about 3 seconds. Stand still for about 4 seconds, and then walk toward the motion detector at about the same moderate rate as earlier for about 3 seconds.
GETTING STARTED WITH CBR™

[image: image25.png]Calculator-Based Ranger™ (CBR™) calculator-to-CER cable

amp 4 AR batteries




What does CBR do?

With CBR and a TI graphing calculator, students can collect, view, and analyze motion data without tedious measurements and manual plotting.

CBR lets students explore the mathematical and scientific relationships between distance, velocity, acceleration, and time using data collected from activities they perform. Students can explore math and science concepts such as:

· motion: distance, velocity, acceleration

· graphing: coordinate axes, slope, intercepts

· functions: linear, quadratic, exponential, sinusoidal

· calculus: derivatives, integrals

· statistics and data analysis: data collection methods, statistical analysis
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CBR includes everything you need to begin classroom activities easily and quickly — just add TI graphing calculators (and readily available props for some activities).

· sonic motion detector 
· calculator-to-CBR cable 
·  mounting clamp

· RANGER program in the CBR 
· 4 AA batteries 
Connect

Connect CBR to a TI graphing calculator using the calculator-to-CBR cable.

Push in firmly at both ends to make the connection.

Note: The short calculator-to-calculator cable that comes with the calculator also

works.
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Hints for effective data collection
Getting better samples

How does CBR work?

Understanding how a sonic motion detector works can help you get better data plots. The motion detector sends out an ultrasonic pulse and then measures how long it takes for that pulse to return after bouncing off the closest object.

CBR, like any sonic motion detector, measures the time interval between transmitting the

ultrasonic pulse and the first returned echo, but CBR has a built-in microprocessor that does much more. When the data is collected, CBR calculates the distance of the object from the CBR using a speed-of-sound calculation. Then it computes the first and second derivatives of the distance data with respect to time to obtain velocity and acceleration data. It stores these measurements in lists L1, L2, L3, and L4.

Object size

Using a small object at a far distance from the CBR decreases the chances of an accurate reading. For example, at 5 meters, you are much more likely to detect a soccer ball than a ping-pong ball.

Minimum range

When the CBR sends out a pulse, the pulse hits the object, bounces back, and is received by the CBR. If an object is closer than 0.5 meters (1.5 feet), consecutive pulses may overlap and be misidentified by CBR. The plot would be inaccurate, so position CBR at least 0.5 meters away from the object.

Maximum range

As the pulse travels through the air, it loses its strength. After about 12 meters (6 meters on the trip to the object and 6 meters on the trip back to the CBR), the return echo may be too weak to be reliably detected by the CBR. This limits the typical reliably effective distance from the CBR to the object to less than 6 meters (19 feet)
The clear zone

The path of the CBR beam is not a narrow, pencil-like beam, but fans out in all directions up to 10° in a cone-shaped beam.

To avoid interference from other objects in the vicinity, try to establish a clear zone in the

path of the CBR beam. This helps ensure that objects other than the target do not get

recorded by CBR. CBR records the closest object in the clear zone.
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Reflective surfaces

Some surfaces reflect pulses better than others. For example, you might see better results with a relatively hard, smooth surfaced ball than with a tennis ball. Conversely, samples taken in a room filled with hard, reflective surfaces are more likely to show stray data points.  Measurements of irregular surfaces (such as a toy car or a student holding a calculator while walking) may appear uneven.

A Distance-Time plot of a nonmoving object may have small differences in the calculated

distance values. If any of these values map to a different pixel, the expected flat line may

show occasional blips. The Velocity-Time plot may appear even more jagged, because the change in distance between any two points over time is, by definition, velocity. You may wish to apply an appropriate degree of smoothing to the data.
REALTIME=YES

Use REALTIME=YES mode:

· for slower objects

· to see the results as they are collected

· when you need to collect or plot only one type of data (distance, velocity, or acceleration) for a sample

In REALTIME=YES mode, the CBR processes the requested plot data (distance, velocity, or acceleration), which is transferred to the calculator following each individual distance

measurement. Then RANGER plots a single pixel for that pulse.

Because all of these operations must be completed before the next sample can be

requested, the maximum rate at which data can be sampled in REALTIME=YES mode is

limited.

It takes approximately 0.080 seconds just to sample, process, and transfer the data for a

single data point. Additional time is required for operations such as plotting the point, which slows the effective sample rate to approximately 0.125 seconds in RANGER.

REALTIME=NO

Use REALTIME=NO mode:

· for faster objects

· when smoothing is required 

· to operate the CBR in detached mode 

·  when you need to collect or plot all types of data (distance, velocity, and acceleration) for a sample

In REALTIME=NO mode, data is stored in the CBR and not transferred to the calculator until after all sampling is completed. The sample rate can be as fast as once every 0.005 seconds for close objects. Data for time, distance, velocity, and acceleration is transferred to the calculator.
Because the data is stored in the CBR, you can transfer it from the CBR to a calculator again and again.

· Each time you change smoothing, the CBR applies the new smoothing factor, transfers the adjusted data to the calculator, and stores the smoothed values in the lists.

· Choosing a domain changes the lists stored in the calculator. If you need to, you can recover the original data from the CBR. From the MAIN MENU in the RANGER program, choose TOOLS. From the TOOLS menu, choose GET CBR DATA.

· You also can share the same data with many students, even if they are using different types of TI graphing calculators. This allows all students to participate in data analysis activities using the same data.
Using CBR in detached mode

Because the CBR cannot send data to the calculator immediately in detached mode, certain settings are required. On the SETUP screen:

· Set REALTIME=NO.

· Set BEGIN ON=[TRIGGER].

The RANGER program prompts you when to detach the CBR and when to reattach it. No

special procedures are required.
