Activity 15

Getting Started with the CBL 2™ System
Introduction

The Calculator-Based Laboratory 2 (CBL 2™) system, a second generation of the

Calculator-Based Laboratory™ system, is a portable, handheld, battery-operated

data collection device for collecting “real-world” data. Data collected with a CBL 2

can be retrieved and analyzed by TI graphing calculators. With the CBL 2 and

appropriate sensors, you can measure motion, temperature, light, sound, pH, force

and more.

CBL 2 has a port to connect and communicate with TI graphing calculators. A 6-inch

unit-to-unit link cable is included with the CBL 2 for this purpose. For added

portability, the CBL 2 unit comes with a cradle which attaches the calculator to the

unit so the whole thing fits easily into one hand.

With a TI-GRAPH LINK™ cable (sold separately), you can also link the CBL 2 to a

personal computer. As future software upgrades become available on the TI web

site, you can download the software to your PC and then use a TI-GRAPH LINK cable

to upgrade your CBL 2.

CBL 2 comes with the following equipment and sensors:

· CBL 2

· 6-inch unit-to-unit link cable

· calculator cradle

· Stainless steel temperature sensor

· TI light sensor

· TI voltage sensor

· 4 AA (LR6) alkaline batteries
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Keys

CBL 2™ has three keys:

TRANSFER begins transfer of programs or Calculator Software Applications

(apps) between the CBL 2 and an attached TI graphing calculator.

QUICK SET-UP clears any data stored in the CBL 2 system’s MEMORY, then polls all

channels for auto-ID sensors and sets them up to collect data.  QUICK SET-UP is used when a calculator is not attached to CBL 2 and works only with auto-ID sensors.

START/STOP begins sampling for Quick Set-Up. Sampling continues until the

default number of samples is collected or you press START/STOP again. This button also acts as a manual trigger, similar to the TRIGGER button on the original CBL.
LEDs

CBL 2 also has three LEDs:

Red indicates an error condition.

Yellow indicates that CBL 2 is ready to collect data samples.

Green indicates CBL 2 is collecting data.

Software

The CBL 2 comes with DataMate already loaded. DataMate is a multi-purpose user

program containing the basic information needed to run experiments with a CBL 2,

a TI graphing calculator, and various sensors.

DataMate is provided for the following TI graphing calculators: TI-73, TI-82, TI-83,

TI-83 Plus, TI-83 Plus Silver Edition, TI-86, TI-89, TI-92, TI-92 Plus, and Voyage™ 200

PLT. For the TI-83 Plus, TI-83 Plus Silver Edition, TI-89, TI-92 Plus, and Voyage 200

PLT, DataMate is a calculator software application that is run from the APPS menu;

for the other calculators, it is a program that is run from the calculator’s program

menu. The CBL 2 automatically detects which calculator is attached and sends the

appropriate software.

Because of the differences in memory between the calculators, there are some

differences in functionality between by the different versions of DataMate.

· The TI-83 Plus, TI-83 Plus Silver Edition, TI-86, TI-89, TI-92, TI-92 Plus, and

Voyage 200 PLT versions support all of the DataMate functions.

· The TI-83 version of DataMate supports all of the functions except SAVE/LOAD.

· The TI-73 version of DataMate supports all of the functions except SAVE/LOAD

and ADD MODEL.

· The TI-82 version of DataMate supports only auto-ID sensors: temperature, light,

voltage, and the CBR™ device or the new Vernier Software and Technology

(Vernier) motion detector. It supports all of the functions except SAVE/LOAD,

SELECT REGION, ADD MODEL, and ANALYSIS.
Sensors

Three sensors are provided with the CBL 2™ (stainless steel temperature, TI light,

and TI voltage), and many other available sensors can be used with CBL 2, including

the CBR and the following Vernier sensors:

CBL™ Motion Detector 

Pressure Sensor

CBL Microphone 


Thermocouple

Digital Control Unit 


Colorimeter

Dual-Range Force Sensor 

Conductivity Sensor

Student Force Sensor 

Ion-Selective Electrodes (NO3 -, CI-, Ca2+, NH4+)

Flow Rate Sensor 


Ion-Selective Electrode Amplifier

Magnetic Field Sensor 

Instrumentation Amplifier

Turbidity 



Student Radiation Monitor

Low-g Accelerometer 


CO2 Gas Sensor

25-g Accelerometer 


O2 Gas Sensor

3-Axis Accelerometer 


Dissolved Oxygen Sensor

Extra Long Temperature Sensor 
Biology Gas Pressure Sensor

Current/Voltage Sensor 

System Gas Pressure Sensor

Vernier Photogate 


Respiration Monitor Belt

Direct-Connect Temp Sensor 
EKG Sensor

Stainless Steel Temp Sensor 
Exercise Heart Rate Monitor

Relative Humidity Sensor 

Heart Rate Monitor

pH Sensor 



Barometer

Note: For updated lists of available sensors, see the web site for Vernier Software and

Technology at www.vernier.com.

Sensors are attached to CBL 2 though input or output connections called channels.

CBL 2 has three analog channels (CH1, CH2, CH3) and one other channel (DIG/

SONIC) that can be used for ultrasonic motion detector or digital inputs and

outputs.

When using DataMate, the auto-ID feature on the CBL 2 allows the unit to

automatically identify specific sensors when you connect them to the unit. When

you connect an auto-ID sensor to a channel, CBL 2 detects the sensor, loads

calibration factors and a default experiment, and shows the channel number and

sensor type in the calculator display. Auto-ID sensors include the stainless steel

temperature, TI voltage, and TI light sensors included with the CBL 2, as well as the

CBR and the Vernier motion detector. (Additional Vernier auto-ID sensors are

planned.)

Sensors that are not auto-ID can also be used with CBL 2™ by selecting the sensor

type from a list of sensors in DataMate.

Note: Technical specifications of TI sensors (including chemical tolerance) are provided in the CBL 2 Technical Reference document available on the TI web site and the Resource CD.
Getting Started

Before you begin working with the CBL 2 system and the DataMate software, you

must connect the CBL 2 and your calculator and transfer the software from CBL 2 to

your calculator.

Put the Pieces Together
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1. Insert the upper end of the calculator into the cradle.

2. Press down on the lower end of the calculator until it snaps in place.

3. Slide the back of the cradle onto the front of the CBL 2 until it clicks in place.

4. Plug one end of the 6-inch unit-to-unit link cable into the I/O port in the end of

the CBL 2, and plug the other end of the cable into the I/O port in the end of

the calculator.

The cradle cannot be used with the TI-92, TI-92 Plus, or Voyage™ 200 PLT.

Attach these calculators using a unit-to-unit cable.

Transfer DataMate to the Calculator

DataMate comes already loaded on your CBL 2. When transferring DataMate from

CBL 2 to the calculator, the CBL 2 automatically detects which calculator is attached

and transfers the appropriate version of DataMate.
To transfer DataMate to a TI-83 Plus and TI-83 Plus Silver Edition calculator, follow

these steps:

1. Connect the calculator to CBL 2™ with the unit-to-unit link cable.

2. Put the calculator in Receive mode. (For the TI-83 Plus and TI-83 Plus Silver

Edition, press 2nd Link Enter)

3. Push TRANSFER on CBL 2. The program/app is transferred and appears in the

calculator’s program list or application list.

4. When the transfer is complete, press y 5 on the calculator.

See steps 4 and 5 on page vi for the TI-73, TI-82, TI-83 Plus, and TI-83 Plus Silver

Edition instructions.

Note: DataMate on the TI-89, TI-92 Plus, and Voyage™ 200 PLT is transferred in three

segments/files, but only one will display in the App menu. All three segments are necessary

for DataMate to run on these units.

Getting Started with DataMate

This section of the User Guide explains the procedures for using DataMate. The

instructions were written with the DataMate app for TI-83 Plus and show TI-83 Plus

screen examples. (See page 2 for information about the differences between

DataMate programs/apps for the various TI graphing calculators.)

The basic steps for conducting an experiment with CBL 2, sensor(s), and a TI

graphing calculator are:

1. Connect the sensor(s) to the CBL 2 system, connect CBL 2 and your calculator,

and run the DataMate program or App. (See the next section, Start the

DataMate App.)

2. Select the data collection mode, if necessary. (CBL 2 contains default experiment

settings for most sensors.) 

3. Collect the data. 

4. Graph the data. 

In addition, DataMate allows you to calibrate some sensors, make changes to

graphs, and analyze collected data with pre-programmed options. 

It is not necessary to have a calculator connected to the CBL 2 to collect data. The

Quick Set-Up feature on the CBL 2 allows you to collect data without having a

calculator connected to the CBL 2. You can then transfer the data to your calculator

for graphing and analysis.

Special Use Calculator Keys

In addition to the keystrokes shown on the DataMate screens, two calculator keys

have special uses in DataMate:

· Press CLEAR on the DataMate Main Screen or the Setup screen to restore

DataMate’s default settings. For example, if the sensor setup and/or data

collection mode setting are not what you expect, press CLEAR to reset them.

· Press STOP while collecting data to stop data collection.

Under Pressure:
Inverse Relationship

Let’s take a sample of air in a closed container, and keep it at room temperature. If you change the volume of the container, what will happen to the air pressure inside? You can feel this by squeezing a small balloon in your hand. As the balloon gets smaller, you have to push harder. That is, as the volume decreases, the pressure increases. Two quantities that change this related way could be inversely related. If pressure and volume are inversely related, even if both quantities change, then their product stays the same. 

Suppose that x and y represent the quantities that are inversely related. Then 
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where k is a constant in both equations. Maybe you can think of some other quantities that also behave this way. For air and other gases, this relation has a name: Boyle’s law.
In this activity, you will use a pressure sensor to investigate the relationship between pressure and volume for air contained within a closed syringe.

[image: image4.wmf]
objectives

· Record pressure versus volume data for a sample of air.

· Fit an inverse function model to the data.

· Use the table calculation feature of the TI handheld.

· Re-plot the data using linearization.

MATERIALS

	TI-83 Plus, TI-83, or TI-73

CBL 2™ or LabPro® data collection device

DATAMATE software
	Vernier Gas Pressure Sensor or Pressure Sensor with syringe included


PROCEDURE

1.
Prepare the Pressure Sensor and an air sample for data collection.

a. Connect the Pressure Sensor to CH 1 of the CBL 2 or LabPro. Use the unit-to-unit link cable to connect the TI Graphing Calculator to the data collection device. Firmly press in the cable ends.

b. With the syringe disconnected from the Pressure Sensor, move the piston of the syringe until the leading edge of the inside black ring is positioned at the 10.0 mL mark. 
[image: image5.wmf]
c. Attach the syringe the Pressure Sensor. 

[image: image6.wmf] 

 

 


· Newer Vernier Gas Pressure Sensors have a white stem protruding from the end of the sensor box. Attach the syringe directly to the white stem with a gentle half-turn.

· Older Vernier Pressure Sensors have a 3-way valve at the end of a plastic tube leading from the sensor box. Before attaching the syringe, align the blue handle with the stem of the 3-way valve that will not have the tube connected to it, as shown in the figure at the right, closing this stem. Then attach the tube directly to the remaining open stem of the 3-way valve.


The air in the syringe/Pressure Sensor system is now sealed, so that as you move the piston, the air volume and pressure both change.

2.
To obtain the best data possible, you will need to correct the volume readings from the syringe. Look at the syringe; its scale reports its own internal volume. However, that volume is not the total volume of trapped air in your system since there is a little bit of space in the tubing and internal to the pressure sensor. 


To account for the extra volume in the system, you will need to add a small and constant volume to your syringe readings. If your sensor does not have a valve and tubing attached to it, the correction is 0.8 mL. If your sensor does have attached tubing, the correction is 1.5 mL. For example, with the 0.8 mL correction and a 5.0 mL syringe volume, the total volume would be 5.8 mL. It is that total volume that you will need for the analysis.
3.
Turn on the calculator and start the DATAMATE software. Press [image: image7.wmf]CLEAR

 to reset the software.

4.
Set up the calculator and data collection device for a Gas Pressure Sensor or Pressure Sensor.

a. Select 1: SETUP from the main screen.

b. If the calculator displays a Pressure Sensor with units of kPa in CH 1, proceed directly to Step 5. If it does not, continue with this step to set up the sensor manually.

c. Press [image: image8.wmf]ENTER

 to select CH 1. 

d. Select PRESSURE from the SELECT SENSOR menu. 

e. Select the correct pressure sensor (GAS PRESSURE SENSOR or PRESSURE SENSOR) from the PRESSURE menu.

f. Select the calibration listing for units of (KPA).

5.
Set up the data-collection mode.

a. To select MODE, press [image: image9.wmf] once and press [image: image10.wmf]ENTER

.

b. Select EVENTS WITH ENTRY from the SELECT MODE menu.

c. Select OK to return to the main screen.

6.
You are now ready to collect pressure and volume data. It is best for one person to handle the gas syringe and for another to operate the calculator.

a. Select START to begin data collection.

b. Move the piston so the front edge of the inside black ring is positioned at the 5 mL line on the syringe. Hold the piston firmly in this position until the pressure value displayed on the calculator screen stabilizes.

c. Press [image: image11.wmf]ENTER

. (The person holding the syringe can relax after [image: image12.wmf]ENTER

 is pressed.) Type in 5, the gas volume (in mL) on the calculator. That is, enter either 5.8 or 6.5, as appropriate for your sensor. Remember, you are adding the constant volume to the apparent volume of the syringe. Press [image: image13.wmf]ENTER

 to store this pressure-volume data pair.

d. To collect another data pair, move the piston to 7.0 mL. When the pressure reading stabilizes, press [image: image14.wmf]ENTER

 and enter the total volume, remembering to add the appropriate correction to the syringe volume.

e. Continue with this procedure using volumes of 10.0, 12.0, 15.0, 17.0, and 20.0 mL. 

f. Press [image: image15.wmf]STO

 when you have finished collecting data. A graph of pressure versus volume will be shown.

7.
In order to work directly with the data, you need to leave the DATAMATE software. Press [image: image16.wmf]ENTER

 to return to the main screen, and select QUIT to leave the software. Follow any instructions on your screen to return to the calculator home screen.

analysis

1.
Redisplay the graph.

a. Press [image: image17.wmf]ZOOM

.

b. Press [image: image18.wmf] until ZoomStat is highlighted; press [image: image19.wmf]ENTER

 to display a graph with the x and y ranges set to fill the screen with data.

c. Press [image: image20.wmf]TRACE

 to determine the coordinates of a point on the graph using the cursor keys.

2.
Examine the data pairs on the displayed graph. As you move the cursor right or left, the volume (x) and pressure (y) values of each data point are displayed below the graph. Record the pressure (round to the nearest 0.1 kPa) and volume data values in the Data Table on the Data Collection and Analysis sheet.

3.
To test Boyle’s law you can plot the inverse function y = k/x with your data. You will see this equation with the data, and can then adjust the value for k to improve the fit. First, enter the inverse function, and then in the next step, explore values of k.

a. Press [image: image21.wmf]Y=

.

b. Press [image: image22.wmf]    

 CLEAR

 to remove any existing equation. 

c. Enter k/x in the Y1 field. (On the TI-73, access the alphabetic entry screen by pressing [image: image23.wmf]2nd

 [TEXT].)

d. Press [image: image24.wmf]2nd

 [quit] to return to the home screen.


4.
Set a value for the parameter k, and then look at the resulting graph. To obtain a good fit, you will need to try several values. Use the steps below to store different values to the parameter k. Start with k = 500. Experiment until you find one that provides a good fit for the data.

a. Enter a value for the parameter k. Press [image: image25.wmf]STO

 K [image: image26.wmf]ENTER

 to store the value in the variable K. 

b. Press [image: image27.wmf] 

GRAPH

 

 to see your data with the model graph superimposed.

c. Press [image: image28.wmf]2nd

 [quit] to return to the home screen.

(
Answer Question 1 on the Data Collection and Analysis sheet.

5.
Find the products of the data coordinates and record them in the third column of the Data Table.

(
Answer Question 2 on the Data Collection and Analysis sheet.

6.
The modeling equation you have determined in this activity can be used to predict syringe pressure values for given volumes. The second Data Table on the Data Collection and Analysis sheet lists a number of volumes. Fill in the corresponding pressures. Although it would not take long to do this by hand, try using the table feature of your calculator to do the calculation.

a. Press [image: image29.wmf]2nd

 [TBLSET] to display Table Setup.
b. Use the cursor keys to highlight Ask on the Indpnt: line, and press [image: image30.wmf]ENTER

 to select this mode.

c. Use the cursor keys to highlight Auto on the Depend: line, and press [image: image31.wmf]ENTER

 to select this mode.

d. Press [image: image32.wmf]2nd

 [TABLE] to display the table.

e. Enter 2.5 for the first x value, and finish the entry with [image: image33.wmf]ENTER

. Note how the calculator has determined the y value from the model. Complete the Data Table for the remaining three entries.

(
Answer Questions 3 and 4 on the Data Collection and Analysis sheet.

7.
Another way to see if two quantities are inversely related is to plot the one quantity versus the inverse of the other. For this pressure activity, that would be pressure versus the inverse of the volume. If the new plot shows a line of proportionality, then the original data is inversely related. You can see this by noting the simple rearrangement of the equation y = k/x as y = k ( (1/x). Written this way, you can see that y is proportional to the quantity (1/x). The process of graphing calculated quantities to obtain a straight-line graph is sometimes called linearization.


To see if the data is inversely related using this test, you need to define a new column containing the inverse of the volume data. The volume data is in L1; L3 is available for the inverse volume information. L2 will continue to hold the pressure data.

TI-73

a. Press [image: image34.wmf]2nd

 [QUIT] to return to the home screen.

b. Press 1/L1 [image: image35.wmf]STO

 L3 [image: image36.wmf]ENTER

. To enter list names on the TI-73, press [image: image37.wmf]2nd

 [STAT] to see a menu of list names. L3 will now hold the inverse of the values in L1.

TI-83, TI-83 Plus

a. Press [image: image38.wmf]2nd

 [QUIT] to return to the home screen.

b. Press 1/ [image: image39.wmf]2nd

 [L1] [image: image40.wmf]STO

 [image: image41.wmf]2nd

 [L3] [image: image42.wmf]ENTER

. L3 will now hold the inverse of the values in L1.


8.
You can plot the pressure versus inverse volume data on a new graph using the following commands. 

a. Press [image: image43.wmf]2nd

 [STAT PLOT] ([PLOT] on the TI-73) and press [image: image44.wmf]ENTER

 to select Plot 1. 

	b.
Change the Plot1 settings to match the screen shown here. Press [image: image45.wmf]ENTER

 to select any of the settings you change.

c.
Press [image: image46.wmf]ZOOM

  and then select ZoomStat (use cursor keys to scroll to ZoomStat) to draw a graph with the x and y ranges set to fill the screen with data.
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(
Answer Question 5 on the Data Collection and Analysis sheet.

extensionS

1.
An alternate way to find a model for the data you collected involves a process known as regression analysis. The calculator will select the best parameters for the power function y = axb. (The TI-73 cannot perform this analysis.)



Note: Before performing this extension, the Stat Plot 1 settings must first be restored to graph L1 and L2 using the plotting steps of Step 8, with L1 replacing L3.
a. Press [image: image48.wmf]STAT

 and use the cursor keys to highlight CALC.

b. Press the number adjacent to PwrReg to copy the command to the home screen.

c. Press [image: image49.wmf]2nd

 [L1] [image: image50.wmf],

 [image: image51.wmf]2nd

 [L2] [image: image52.wmf],

 to enter the lists containing your data.

d. Press [image: image53.wmf]VARS

 and use the cursor keys to highlight Y-VARS.

e. Select Function by pressing [image: image54.wmf]ENTER

.

f. Press [image: image55.wmf]ENTER

 to copy Y1 to the home screen. 

g. On the home screen, you will now see the entry PwrReg L1, L2, Y1. This command will perform a power regression with L1 as the x and L2 as the y values. The resulting regression line will be stored in equation variable Y1. Press [image: image56.wmf]ENTER

 to perform the regression. 

h. Press [image: image57.wmf]ZOOM

  and then select ZoomStat (use cursor keys to scroll to ZoomStat) to draw a graph with the x and y ranges set to fill the screen with data.



Does the power law model provide a good fit to your pressure versus volume data? How many parameters are adjusted to achieve a good fit compared to the inverse model?

2.
It is possible to deduce the internal volume of the sensor rather than using the supplied values. If you assume Boyle’s law, you can determine the internal volume from the y‑intercept value. For example, if the internal volume of the sensor is d, then the total volume of air in the system is V + d. From Boyle’s law, we have P*(V + d) = k, which can be rearranged to V = k*(1/P) – d. From the form of this equation, we can see that the y‑intercept of a V (y-axis) versus 1/P (x-axis) graph is the negative of the internal volume. 


Note that this is not the same graph setup as used in the activity. Collect a new data set, but do not correct the volumes; just enter the syringe volume directly. Create a graph of V versus 1/P. Fit a straight line to the data, and from the y-intercept determine the internal volume of your particular sensor.  For comparison to your results, the internal volume of the Vernier Gas Pressure Sensor (model without attached tubing and value) is about 0.8 mL, while for the Vernier Pressure Sensor (with tubing and valve) the aggregate internal volume is about 1.5 mL.
	Data Collection and Analysis


	Name


Date




DATA TABLES

	Volume in mL 
(x values)
	Pressure in kPa 
(y values)
	Product 
(x*y)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	Volume in mL
(x values)
	Pressure in kPa
(y values)

	 2.5
	

	 17.8
	

	520
	

	 0.0012
	


QUESTIONS

1.
In the space below, use the value for k to record the model equation that gives the best fit to the data.

2.
Notice that the values in the third column of the first Data Table are closely related to the value of k you found in Step 4. Explain why this is so.

3.
Could the volume ever be zero? Why or why not? What would be the corresponding pressure?

4.
Complete the following statement: 
As the volume of a gas sample decreases, its pressure _________________.

5.
Based on your graph of pressure versus inverse volume, are pressure and volume inversely proportional?

 Sour Chemistry:
The Exponential pH Change

Chemists quantify the acidity or alkalinity of a solution by measuring its pH on a scale ranging from 0 to 14. A neutral substance has a pH of 7. A pH lower than 7 suggests an acidic solution, while a pH higher than 7 indicates that a solution is basic. 

Different pH levels must be maintained throughout the body in order for a person to remain healthy. Excessively high or low pH levels often result in discomfort or irritation. For example, common indigestion or upset stomach usually indicates the presence of excessive amounts of stomach acids. This condition can sometimes be alleviated by taking an antacid tablet, or by drinking a solution such as Alka-Seltzer® and water, designed to neutralize these acids and raise the pH level in the stomach.

In this activity, the conditions found in an acid stomach will be simulated using a solution of lemon juice and water. The effectiveness of an antacid remedy will be tested by monitoring the pH of the solution after an effervescent antacid tablet has been added to it. The resulting data will be modeled using a modified exponential function.

[image: image58.wmf]
objectives

· Record pH versus time data as an antacid tablet neutralizes the acid in lemon juice.

· Model the pH data with a modified exponential function.

MATERIALS

	TI-83 Plus, TI-83, or TI-73

CBL 2™ or LabPro® data collection device 

DATAMATE software

pH Sensor
	distilled water

lemon juice

eyedropper

effervescent antacid tablets

clean cup or beaker


PROCEDURE

1.
Connect the pH Sensor to CH 1 of the CBL 2 or LabPro data collection device. Use the unit‑to‑unit cable to connect the TI Graphing Calculator to the data collection device. Firmly press in the cable ends.

2. Turn on the calculator and start the DATAMATE software. Press [image: image59.wmf]CLEAR

 to reset the software. 

3.
Set up the calculator and data collection device for the pH Sensor. 

a. Select SETUP from the main screen. 

b. If the calculator displays a pH Sensor in CH 1, proceed directly to Step 4. If it does not, continue with this step to set up the sensor manually.

c. Press [image: image60.wmf]ENTER

 to select CH 1. 

d. Select PH from the SELECT SENSOR menu. 

4.
Set up the data-collection mode.

a. To select MODE, press [image: image61.wmf] once and press [image: image62.wmf]ENTER

.

b. Select TIME GRAPH from the SELECT MODE menu.

c. Select CHANGE TIME SETTINGS from the TIME GRAPH SETTINGS screen.

d. Enter 0.5 as the time between samples in seconds and press [image: image63.wmf] 
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e. Enter 100 as the number of samples and press [image: image64.wmf] 
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f. Select OK until you return to the main screen.

5.
Collect pH data.

a. Place about 125 mL of distilled water in a very clean cup. The cup must be clean to get good results.

b. Loosen the top of the pH storage bottle, and carefully remove the bottle. Slide the top of the bottle up the shaft of the sensor so that the bottle top is out of the way. Do not remove the top from the sensor shaft.

c. Rinse the tip of the pH sensor with distilled water.

d. Place the pH sensor in the water, and support it so the sensor does not fall.

e. Put 20 drops of lemon juice into the water. This will simulate an acid stomach. Stir gently with the sensor.

f. Get ready to drop your effervescent tablet into the water.

g. Select START to begin data collection. As soon as you hear the data collection device beep, drop the tablet into the water.

h. Data collection will run for 50 seconds. After collection ends, a graph of pH versus time will be shown.

i. The graph should show pH values that increase rapidly at first and then level off. Press [image: image65.wmf]ENTER

 to return to the main screen. 

If you want to repeat data collection, discard the solution and thoroughly rinse the cup and pH sensor in distilled water, and return to the beginning of Step 5.

j. Once you are satisfied with the data, press [image: image66.wmf]ENTER

 to return to the main screen, and select QUIT to leave DATAMATE. Follow any instructions on the calculator to return to its home screen.

6.
Use additional distilled water to rinse the pH sensor. Discard the solution in the cup, and rinse the cup. Replace the storage bottle on the pH sensor. 

analysis

1.
To work with the data, redisplay the graph outside of the DATAMATE software. 

a. Press [image: image67.wmf]ZOOM

.

b. Press [image: image68.wmf] until ZoomStat is highlighted; press [image: image69.wmf]ENTER

 to display a graph with the x and y ranges set to fill the screen with data.

c. Press [image: image70.wmf]TRACE

 to determine the coordinates of a point on the graph using the cursor keys.

2.
A modified exponential model can be used to model the data you have just collected. 


[image: image71.wmf](
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In this expression, y represents the pH of the solution at any time x. C represents the initial pH of the solution, which is also the y-intercept. A measures the magnitude of the pH change, while B is a value between 0 and 1 which measures the rate of the change.


To fit this model to the data, first determine the y-intercept from your graph. Trace to the left edge of the graph. Round the x = 0 pH value to two significant digits and record it in the Data Table on the Data Collection and Analysis sheet.

3.
At the other side of the graph the pH values should approach a constant value as the curve flattens. Trace to the right edge of the graph to estimate the value the pH curve is approaching. Record this value in the Data Table. 

4. 
The pH approach value you just determined is related to a sum of constants in the model equation. Assume that 0 < B < 1. If x is large, the model expression approaches the sum A + C. 

(
Answer Question 1 on the Data Collection and Analysis sheet.

5.
Use the value for the approach pH and the y-intercept to determine a value for the parameter A. Enter the result in the Data Table.

6.
Enter the model expression for graphing, along with values for the parameters A and C.

a. Press [image: image72.wmf]Y=

.

b. Press [image: image73.wmf]    

 CLEAR

 to remove any existing equation. 

c. Enter the modified exponential model as A*(1–B^X) + C in the Y1 field. (On the TI-73, access the alphabetic entry screen by pressing [image: image74.wmf]2nd

 [TEXT].)
d. Press [image: image75.wmf]2nd

 [quit] to return to the home screen.

e. Enter the value for the parameter A. Press [image: image76.wmf]STO

 A [image: image77.wmf]ENTER

 to store the value in the variable A.

f. Enter the value for the parameter C. Press [image: image78.wmf]STO

 C [image: image79.wmf]ENTER

 to store the value in the variable C. 

7.
Set a value for the parameter B, and then look at the resulting graph. To obtain a good fit, you will need to try several values for B. Use the steps below to store different values to the parameter B. Start with B = 0.5. 

a. Enter a value for the parameter B. Press [image: image80.wmf]STO

 B [image: image81.wmf]ENTER

 to store the value in the variable B. 

b. Press [image: image82.wmf] 

GRAPH

 

 to see the data with the model graph superimposed.

c. Press [image: image83.wmf]2nd

 [quit] to return to the home screen.



Experiment until you find a value that provides a good fit for the data and record the value in the Data Table.

(
Answer Questions 2-5 on the Data Collection and Analysis sheet.

extension


The equation used in this activity 
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 is a modified version of the exponential function 
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. Show how 
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can be transformed into the model used here using reflections and shifts. 
Hint: Work backwards by distributing A and regrouping. 

	Data Collection and Analysis


	Name


Date




DATA TABLE

	y-intercept   C
	

	pH approach value
	

	A
	

	optimized B
	


QUESTIONS

1.
Explain why the model expression from Step 4 approaches the sum of A + C.

2.
How does the value of B affect the shape of the modeling curve?

3.
How would adding more drops of lemon juice to the starting solution affect the resulting plot of pH versus time? Which of the parameters A, B and C in the model expression would change? Explain the reasoning.
Hint: Adding more lemon juice would make the initial solution more acidic, yielding a lower pH value at the start of data collection. 

4.
How would adding two antacid tablets (instead of one) to the starting solution affect the resulting plot of pH versus time? Which of the parameters A, B and C in the model expression would change? Explain the reasoning.

5.
How would you compare the effectiveness of two different brands of antacid tablets? Which of the parameters A, B and C in the model expression would give an indication of how well a tablet works? 
Hints: Which variable describes the speed of relief? Which variable describes the magnitude of relief?
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