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Collecting Data Out of the Box Using CBL 2

(Key strokes are given for the TI-73, TI-82, TI-83, and TI-83 Plus.)

1.
2.

10.

1.

12.

Insert batteries into the CBL 2.

Connect CBL 2 to a Tl graphing calculator using the unit-to-unit link cable. (Use
the cradle if desired; see diagram on the cradle or the instructions on page 4.)

Reset the memory of your calculator:

For TI-73, TI-82, TI-83, and TI-83 Plus, press [2nd [MEM], T B s
choose Reset, then choose All RAM, and then choose
Reset. FAM cleared

Put calculator in Receive Mode (waiting to receive information):
+ For TI-73, press [APPS], choose [d] LINK, press ] to RECEIVE, and then press [ENTER].
+ For the TI-82, TI-83, TI-83 Plus, press [LINK], press [*] to RECEIVE, then press [ENTER].

Press the TRANSFER button on the CBL 2. The CBL 2 detects the calculator to
which it is connected and sends the appropriate version of the built-in DataMate
software. (This software controls the CBL 2 and how it collects data.)

Plug your Stainless Steel Temperature sensor into Channel 1 (CH1) of the CBL 2.
Run DataMate:
+ For TI-83 Plus, press [APPS). Press [=] or (4] to highlight DATAMATE and press [ENTER].

+ Forthe TI-73, TI-82, TI-83, press PRGM). Press (1) DATAMATE or press [ENTER].
DATAMATE is pasted to your home screen; press again to confirm your
choice.

DataMate automatically identifies the Stainless Steel

. . . CH 1:TEMFLC) er.d
Temperature sensor, loads its calibration factors, and
displays the name of the sensor, as well as the
temperature in degrees C. It also loads a default HODE: TIHE GRAFH-180
H 1:ZETUF Y4:ANALYZE
temperature experiment. P oAy
ZGRAFH B:HUIT

Start collecting data with the default experiment. Hold the temperature sensor
in your hand and press [2) START to begin data collection.

You will see a real-time graph of temperature. Wait .

about 30 seconds and then press to stop collecting TENFEES &

data.

When finished, your graph will be similar to the one

shown here. TIHE(:)
n=a Y=31.B3F¢

You just successfully collected data. See the rest of the manual for other
DataMate options (other sensors, analysis, saving data, etc.).

Explore the world around you.

\Y|
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Introduction

The Calculator-Based Laboratory™ 2 (CBL 2™) 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 Tl 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 Tl 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 TI-GRAPH LINK™ (sold separately), you can also link the CBL 2 to a personal
computer. As future software upgrades become available on the Tl web site, you
can download the software to your PC and then use the TI-GRAPH LINK 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
Tl light sensor

Tl voltage sensor

4 AA (LR6) alkaline batteries

* & & & & o o

START/STOP | DIG/SONIC Channel

Cradle Release

QUICK SETUP
Buttons

LEDS

TRANSFER

1/0 Port
Channel 3

Channel 2
Channel 1

AC Adapter Port

Figure 1. CBL 2 Features
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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 Tl graphing calculator.

QUICK SET-UP clears any data stored in CBL 2'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 Tl graphing calculator, and various sensors.

DataMate is provided for the following Tl graphing calculators: TI-73, TI-82, TI-83, TI-83
Plus, TI-86, TI-89, TI-92, and TI-92 plus. For the TI-83 Plus, 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-86, TI-89, TI-92, and TI-92 Plus 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 CBR™ or the new Vernier motion detector. It supports all of the
functions except SAVE/LOAD, SELECT REGION, ADD MODEL, and ANALYSIS.

See page 5 for instructions on using the DataMate software.

2
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Sensors

Three sensors are provided with the CBL 2 (stainless steel temperature, Tl light, and
Tl voltage), and many other available sensors can be used with CBL 2, including the

CBR™ and the following Vernier sensors:

CBL Motion Detector

CBL Microphone

Digital Control Unit
Dual-Range Force Sensor
Student Force Sensor

Flow Rate Sensor

Magnetic Field Sensor
Turbidity

Low-g Accelerometer

25-g Accelerometer

3-Axis Accelerometer

Extra Long Temperature Sensor
Current/Voltage Sensor System
Vernier Photogate
Direct-Connect Temp Sensor
Stainless Steel Temp Sensor
Relative Humidity Sensor

pH System

Pressure Sensor

Thermocouple

Colorimeter

Conductivity Sensor
lon-Selective Electrodes (NO; -, Cl-, Ca?*, NH,")
lon-Selective Electrode Amplifier
Instrumentation Amplifier
Student Radiation Monitor

CO, Gas Sensor

O, Gas Sensor

Dissolved Oxygen Sensor
Biology Gas Pressure Sensor

Gas Pressure Sensor

Respiration Monitor Belt

EKG Sensor

Exercise Heart Rate Monitor
Heart Rate Monitor

Barometer

Note: For updated lists of available sensors, see the Vernier’s web site 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/
SONICQ) that can be used for ultrasonic motion detector or digital inputs and

outputs.

When using DataMate, CBL 2’s auto-ID feature 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 Tl 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 Tl sensors (including chemical tolerance) are provided in the
CBL 2 Technical Reference document available on the Tl web site and the Resource CD.

GETTING STARTED WITH CBL 2
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Getting Started

Before you begin working with CBL 2 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

Figure 2. Connecting CBL 2 to a Calculator

Insert the upper end of the calculator into the cradle.
Press down on the lower end of the calculator until it snaps in place.

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

W N =

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.

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 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, press [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 [QUIT] on the calculator.
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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 Tl graphing calculators.)

The basic steps for conducting an experiment with CBL 2, sensor(s), and a Tl
graphing calculator are:

1. Connect the sensor(s) to CBL 2, 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.) (See page 9.)

3. Collect the data. (See page 12.)
4. Graph the data. (See page 12.)

In addition, DataMate allows you to calibrate some sensors, make changes to
graphs, and analyze collected data with pre-programmed options. Procedures for
all of these tasks are given on the following pages.

It is not necessary to have a calculator connected to the CBL 2 to collect data. The
CBL 2's Quick Set-Up feature 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. The Quick Set-Up procedure is explained on page 15.

Special Use Calculator Keys

In addition to the keystrokes shown on the DataMate screens, two calculator keys
have special uses in DataMate:

¢+ Press 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 to reset them.

¢+ Press while collecting data in time graph mode to stop data collection.

Start the DataMate App

Note: If you are using the TI-73, TI-82 or TI-83, it is recommended that you remove any non-
DataMate programs from the calculator before loading DataMate.

1. Connect the CBL 2 to the calculator.

2. Press [APPS].

EEE 1hance...
: CEL-CER

JibataMate
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3. Press (] if needed to move the cursor to DATAMATE and press [ENTER].

The DataMate title screen displays.

This screen shows both the DataMate program version
number (VER 1.0 in the example) and the operating
system version number (ROM: 1.0 in the example).

Then the Main Screen appears.

Connect a Sensor to CBL 2

1.

Connect the sensor to the appropriate channel.

YERNIER =OF THARE

DATANATE
(NEF 1.00

RON:1.0 L0 2o

HODE: TINE GEAFH-20

1:ZETUF Y:ANALYZE
c:=TART E:TOOL=
z:GRAFH 6:QUIT

Note: When connecting sensors to analog channels, you should use the channels in numerical
order. In other words, connect the first sensor to channel 1 (CH1), the second sensor to

channel 2 (CH2), and the third sensor to channel 3 (CH3). If you are using only one sensor, it
should be connected to channel 1.

2.

6.

If the sensor is auto-ID, the channel number and sensor
type automatically display on the Main Screen. Go to
Select the Data Collection Mode on page 9.

or

If the sensor is not auto-ID, follow the steps below to tell
the CBL 2 that the sensor is connected.

On the DataMate Main Screen, press (1] SETUP.

Press [+] as needed to move the cursor to the channel to
which the sensor is connected. Press [ENTER]. A list of
sensors appears.

CH 1:TEHWFC) ch.E

NODE: TINE GRAFH-180

1:ZETUF Y:ANALYZE
2:ETART E:TOOLE
Z:GRAFH 6:AUIT

B CH 1:ZTAINLESE TENFIC)
CH 2:
CH =:

DIG :
HODE: TINE GRAFH-100

1:08 *ZERD
2:CALIERATE Y4:=AVE/LOAD

SELECT ZENZORK

1:TEHFERATURE

2:FH

HCONDUCTINITY
Y:FREZZURE

E:FORCE

B:HERET ERTE

7:MORE

B:KETURN TO SETUF ZCKEEN

If the sensor you want is not on the list, press [7] MORE to see more choices.

(The list covers several screens.)

Press the number beside a sensor to choose that sensor.

Note: Some sensors, such as accelerometer or pressure, display another screen and require
you to select a particular sensor, preferred unit of measure, or calibration.

7. When you finish choosing sensors, press (1] OK to return to the Main Screen.

6
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Calibrate a Sensor (optional)

When a sensor is selected, DataMate automatically loads the default calibration
settings. Although it is not necessary, if you choose to calibrate a sensor, use the

following procedure.

There are two ways to calibrate a sensor. The first way is to monitor the voltage
until it is stable and enter that value; the second way is to manually enter the
values. You will need to consult the sensor literature for proper calibration
procedures. The examples below show calibration for the pH sensor.

To calibrate the pH sensor by monitoring the voltage, you will need two solutions
with known pH values; for example, buffer solutions with values of 4 and 10.

Follow these steps:

1. On the Main Screen, press [1].

2. Press [+] as needed to move the cursor to the sensor you
want to calibrate. Press [2] CALIBRATE.

Note: Not all sensors can be calibrated. If you select a sensor that
cannot be calibrated, DataMate does not respond when you press
[2] CALIBRATE.

3. Press (2] CALIBRATE NOW.

4. Put the pH sensor in the 4 buffer solution. Watch the
screen until the voltage number stabilizes and then press

ENTER/.

Key in the value of the buffer solution.
Repeat steps 3 and 4 for the 10 buffer solution.
Press (1] OK to return to the Setup screen.

CH L:5TRINLESS TEMFOC)
kCH 2:FH

CH =:

DIG :

HODE: TIHE GRAFH-100

1:0K :ZERD
:CALIERATE 4:5AVESLOAD

CALIERATION
FH
CALIERATION:LINEAR
ZLOFE InT
-x.BzB 1z7e

1:0H
c:CALIERATE NOH
Z:MANUAL ENTE"Y

CALIERATE SENZOR

HONITOR YOLTAGE » HHEN
ETRELE:FRESZENTEF.

VALUE VOLTAGE
FOINT1: Z.74E
FOINT 2:

ENTER VALLE
|
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You can also calibrate the pH sensor by entering values. This procedures is used if a
full calibration has been done previously and you want to manually input the new

slope and intercept values. Follow these steps:

1. On the Setup screen, press [+] as needed to move the
cursor to the sensor you want to calibrate. Press
CALIBRATE NOW.

2. Press[3] MANUAL ENTRY.

3. Key in the slope and press [ENTER].

CALIERATION
FH
CALIERATION:LINERR
SLOFE InT
-x.B=H 1z7z

1:08
2:CALIERATE NOW
ZMANUAL ENTEY

SLOPE:

SLOPE: . 2132
IMTERCEFT:

4. Key in the intercept and press [ENTER]. The Calibration screen is displayed with the

new values.

5. Press (1] OK to return to the Setup screen.

Zero a Sensor (optional)

1. On the Setup screen, press (3] ZERO. The Select Channel
screen appears.

Note: Not all sensors can be zeroed (for example, temperature
probes and light probes). DataMate displays only the sensors that
can be zeroed.

2. Press the number beside the sensor you want to zero. A
screen appears showing the current reading(s) for the
selected sensor(s).

(In this example, [3] ALL CHANNELS was pressed, so both
sensors are selected.)

3. Press to zero the sensor(s). The Main Screen appears.

SELECT CHANNEL
1:CH1-FORCECNY
2:CHZ-ACCELCHA/ 3D
#HLL CHANNEL =

CH 1:FORCECNY .cH
CH 2:ACCELCNAZ2) EE

FREZX[ENTER1TOZERD

Note: The new calibrations and zeros are not retained after quitting DataMate. They are
only valid during the current session. Also, new calibrations and zeros can be reset to
defaults during the current session by going to the Main Screen and pressing [CLEAR].

8
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Select the Data Collection Mode

For each Vernier sensor, DataMate loads a default experiment (data collection
mode) appropriate for the sensor. The default data collection mode for all sensors is
Time Graph (collecting data points at a predetermined rate). For a description of
each of the data collection modes, see Select Mode screen on page 27.

Note: If you close the DataMate program and then re-open it, the mode setting will be the
same as when you closed it. However, if you exit DataMate in some other manner, the mode
setting may be different when you re-open it. Or, you may open DataMate and find mode

and sensor settings that are “left over” from a previous experiment. In any case, press
to return the mode and sensor settings to the default.

To change the data collection mode, follow the steps below.

1. On the DataMate Main Screen, press [1] SETUP. TR L ITRILESI eI

CHZ:
CH =:
DIG :
HNODE: TIME GRAFH-100

1:0K z:ZERD
2:CALTERATE 4:5AYE/LOAD

2. Press (4] or [+] as needed to move the cursor to MODE and
press [ENTER]. A list of data collection modes appears.

ZELECT HODE

1:LO0GDATA

2:TINE GRAFH
Z:EVERTZHITHENTRY
Y:EINGLEFOINT
C:XELECTEDEVENRT=
B:RETURNTOSETUF SCREEN

3. Press the number beside the mode you want.

Note: If you choose Time Graph mode, another screen appears allowing you to choose the
time interval between samples and the number of samples that you want. See Change Time
Graph Settings below for instructions.

4. Press [1] OK to return to the Main Screen.

Change the Time Graph Settings (optional)

If you choose Time Graph on the Select Mode screen, the Time Graph Settings
screen appears. Each sensor has a default time interval between samples (in
seconds) and default number of samples (data points). To change the settings from
the default, follow the steps below:

If you press (2] TIME GRAPH on the Select Mode screen, the TIREGRAFRIETIINGS

Time Graph Settings screen appears. TIMEINTERWAL: 1
NUMEEFR OF SANFLEZ: 1H0
ERFERIMENT LENGTH: 180

1:0K Z:ADVYANCED
c:CHANGE TIHE ETTINGE

GETTING STARTED WITH CBL 2 9



1. Press[2) CHANGE TIME SETTINGS.

EHMTER TIME
BETWEEH SHMFLES
EH SECOHDS:
2. Kez in the t|;n: interval between samples (in seconds) EE%EEEIEEMPLES
and press [ENTER].
P IN SECOMDS: 28
EHMTEE HUMBER
OF SAMFLES: N

3. Key in the number of samples and press [ENTER]. The Time Graph Settings screen is
displayed again. (EXPERIMENT LENGTH in seconds is calculated automatically.)

4. Press[1] OK to exit. The Setup screen appears.
or
Press (3] ADVANCED to change the advanced settings. (See Change the
Advanced Time Graph Settings for instructions.)

Change the Advanced Time Graph Settings (optional)

DataMate contains default time graph settings for each sensor. You can change the
“window"” in which the collected data is graphed, and you can change the type of
triggering used in the experiment. However, these changes only apply to the sensor
in Channel 1.

Follow the steps below to change advanced time graph settings:

If you press (3] ADVANCED on the Time Graph Settings P —
screen, the Advanced Time Graph Settings screen appears. LIVE GRAFH:TEHFIC)

YHIN THAX YECL
YMIN and YMAX refer to the “window” in which the

“zn 1zt ek
TRIGGERING:NONE
collected data is graphed. YMIN refers to the lower bound of (1K
the graph, and YMAX refers to the upper bound of the SCHANGE TREGRERTNG

graph. The YMIN and YMAX values shown

on the screen are the default range of the sensor in channel 1. (This will vary
depending on the sensor being used. For example, for the Temperature sensor, the
range is -20 to 125.)

1. To change the window range to be graphed, TELECTIRAFH

press (2] CHANGE GRAPH SETTINGS. %EH%:EEE?::
A list of the connected sensors appears. FNONE

2. Press the number beside the sensor you want.

10 GETTING STARTED WITH CBL 2



. To change the type of triggering, press (3] CHANGE CELECT TRIGEERING

TRIGGERING. L:CH1-TENF (L)
S HIUAL ThEGAER
In the example shown, there are two types of triggering: 4:NONE

+ For option 1 or 2, the CBL 2 will trigger the start of
data collection based on a change in the data being

collected. (This is called threshold triggering.)

+ For option 3, MANUAL TRIGGER, the CBL 2 will start collecting data when the
START/STOP button is pressed.

+ For option 4, NONE, no special triggering will be set.
Press the number beside the type of triggering you want.

If you select NONE, the Advanced Time Graph Settings screen appears.

or

If you select MANUAL TRIGGER, the triggering option is changed and the
Advanced Time Graph Settings screen appears.

or

If you select threshold triggering, DataMate asks you to e ——
choose the trigger type. LCINCREASING
. Z:DECRERZING
+ INCREASING means that the values of the data being
collected (such as light intensity or temperature) will
be increasing.

+ DECREASING means that the values of the data being
collected will be decreasing.

Press the number beside the trigger type you want. TETGOER
THEESHOLD:

Key in the number (the threshold) at which you want EEESTORE TH

data collection to begin and press [ENTER]. (Putin a PERCENT:

threshold value in the units of the sensor you are using

such as °C for temperature or Newtons for force.)

When the values of the data being collected reach this

number, CBL 2 will begin storing data.

. Key in the number (percent) of data you want the CBL 2 to prestore and press
(ENTER]. The Advanced Time Graph Settings screen appears.

“Prestore” is the amount of data collected before the threshold was reached
that you want to keep (10 percent, 20 percent, and so on). From the time the
experiment begins until the threshold is reached, CBL 2 collects data in its
“buffer.” When the threshold is reached, CBL 2 begins storing the data it is
collecting and discards the data it collected before the threshold was reached
unless a prestore value is entered.

GETTING STARTED WITH CBL 2 11



8. Press (1] OK to exit the screen.
9. Press (1] OK again to return to the Setup screen.

Collect the Data

To start your experiment, press [2) START on the DataMate Main Screen. CBL 2
begins collecting data according to the data collection mode you have set.

See page 27 for a description of the data collection modes.

When you finish collecting data, the Graph Menu screen is displayed. See Graph the

Data below for more information.

Note: In Time Graph mode, the data from CH1 is automatically graphed in REALTIME when
you press [2]. Values are shown in the upper right corner of the screen as the data is plotting.

Store Latest Run

When you are collecting data with only one sensor, you can store two “active” data
runs on the calculator. This allows you to view and compare data from three runs.

1. After you collect data, press [5] TOOLS on the DataMate
Main Screen.

DataMate places the data from your first run in List 2 (L2)
of the calculator.

2. Press (1] STORE LATEST RUN. The Main Screen displays.

TOOL:

1:ETORELATEETRLUN
2:RETRIEVEDATA
CHECKERTTERY
Y:RETURN TOMAIN FCREEN

The data that you just collected in List 2 is moved to List 3 of the calculator so
that new data can be collected in List 2. You can store up to two runs. (If you
store a second run, the data in List 3 is moved to List 4, the data is List 2 is moved

to List 3, and new data is collected in List 2.)

Graph the Data

1. If you have multiple sensors attached to the CBL 2, the
Graph Menu screen displays automatically when you
finish collecting data.

Note: If you have only one sensor attached to the CBL 2, the graph
itself displays.

2. Press (4] or [+] as needed to move the cursor to the
channel/data you want to view as a graph and
press [ENTER].

F CH1-TEHF(C)
CHZ=-LIGHT
CHz W=, CHL

1:MRINSCREEN  *REXCALE
2:XELECT REGION 4:NORE

TENFLC) Fi

TIMECEY
n=n Y=2E.z18: .

12
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3. To view another graph, press [ENTER]. The Graph Menu screen appears again, and
you can choose another channel.

4. If you want to change the region of the graph being displayed, go back to the
Graph Menu screen and press (2] SELECT REGION.
or
If you want to change the graph scale, go back to the screen in which you see
your graph and press [3] RESCALE. The Rescale Graph screen appears.
or
If you are finished viewing graphs, go back to the Graph Menu screen and press
MAIN SCREEN.

Select Region (optional)
In addition to viewing the whole graph, DataMate lets you select and view a
portion of your graph.

Note: If you select a region, only the data within the region is kept in the calculator. All of
the data outside the region is deleted from the calculator memory. However, the entire data
set is still stored in the CBL 2 and can be retrieved at any time. (For instructions on how to
retrieve data, see steps 5-9 on page 16.)

To view a portion or “region” of your graph, follow these steps:

1. On the Graph Menu screen, press (2] SELECT REGION.

SELECTLEFTEDUND Fii

=1k Lk W

2. Change X and Y at the bottom of the screen by pressing
(J or ] to move the cursor to the point on the graph
that you want for the left side of the graph. Press [ENTER].

SELECT RIGHT EOUND Fi

H=rn

3. Press [ or 1] to move the cursor to the point on the
graph that you want for the right side of the graph and
press [ENTER]. The Graph Menu appears.

¥ CHL-TEMFCC)

L:HAINZCREEN  =:RESCALE
2:¥ELECT REGION 4:MORE

4. Press to show the new graph.

TEHFIC) Fii

TIHEC=)
=1k ¥=x1.:721

5. When you finish viewing the graph, press [ENTER]. The Graph Menu appears.

GETTING STARTED WITH CBL 2 13



Rescale Graph (optional)

DataMate makes it easy to rescale the graph of your data. You can select
AUTOSCALE, X SCALE, or Y SCALE. Follow the steps below to rescale a graph:

1. On the Graph Menu screen, press [3] RESCALE. T

1:AUTOZCALE
2 FCALE
¥ ZCALE
Y:KETURN

2. Press the number beside the scale you want to change.

Note: If you choose AUTOSCALE, DataMate scales the graph window to best fit the data you

collected. If you choose X SCALE or Y SCALE, DataMate prompts you to key in the Xmin and

Xmax or Ymin and Ymax, respectively (the upper and lower boundaries of your scale).

3. To see the graph with other scale options, press [ENTER] to return to the Rescale
Graph screen and then select another scale.

4. When you finish viewing the graphs, press to return to the Rescale Graph
screen, and then press (4] RETURN to go to the Main Screen.

More Graphs (optional)

DataMate gives you additional options for graphing and comparing the data you
collected. For example, by choosing option 2 on the More Graphs screen, you can
see a graph of the data stored in List 3 (L3) versus the data stored in List 2 (L2). To
select more graphs to see, follow these steps:

1. On the Graph Menu screen, press (4] MORE. TR
. . . . 1L:LzWE L
L1, L2, L3 and L4 refer to the lists in which your data is g:ﬂgtg
stored. For example, L3 VS L1 will graph the data is List 3 WLy s L1
. . E:iLzWELY
versus the data in List 1. BLZANBLEYS LA
FiLZaLZANDLYYELY
B:RETURN TOGRAFH ZCREEN

Press the number beside the graph you want to see.

3. To view additional graphs, repeat steps 1 and 2.

Analyze the Data

You can use the calculator’s built-in regression models and statistics features to
analyze the data. Follow the steps below to select these options:

1. On the DataMate Main Screen, press (4] ANALYZE.

The options for analyzing your data are explained in the LRETURN TUHATN SCREEN
following paragraphs. 3:ADD HODEL

g p g p YETATISTICE
£:INTEGRAL

ANALYZE OFTIONS

14 GETTING STARTED WITH CBL 2



Option 2 CURVE FIT, displays a list of regression models CURVEFIT

from which to choose. When you choose a regression L:LINERF (CHAYS TINED

model, the calculator determines the line or curve of best  |ZiLIRcARLEHE 42 TIHE)

fit and then gives you the option to scale the regression o T N TIhES
to your data. glﬁﬁggﬁﬁ CCHEZWECHAD
Option 3 ADD MODEL, allows you to create your own ———
regression model. LADJUSTA
ZRDJUSTE
To use this option, you must first enter your equation in e D
the Y= editor of your calculator before starting e ———
DataMate. For example, if you know the data you will
collect is linear, you can enter y=ax+b. When you choose
ADD MODEL, you can change the a and b coefficients
until your own model fits the data to your satisfaction.
Note: This option is unavailable in DataMate for TI-73 and
TI-82.
Option 4 STATISTICS, asks you to select the channel/data, ERN: TR
then select left and right bounds. The one-variable IH: 32,208
. . HiA: 43, ZEE
statistics for the data display on the screen. STO DEM: I.527
H: 14. 068
[EHTER]
Option 5 INTEGBAL, asks you to s.elect the graph, then THTEGRRL: -4 556
select left and right bounds. The integral for the graph
region display on the screen.
[EHTER]

2. Press the number beside the option you want:

3. When you finish, press [ENTER]. The Analyze Options screen appears.
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Collect Data with Quick Set-Up

Quick Set-Up is used to collect data without a calculator connected to CBL 2. In this
mode only auto-ID sensors, CBR, and the new Vernier auto-ID sensors can be used.

Up to four sensors can be used at the same time, and CBL 2 samples at default rates
pre-set in DataMate. Data will be taken continuously and stored in memory.

To collect data with CBL 2's Quick Set-Up feature:
1. Connect the auto-ID sensor(s) to CBL 2.

2. Press QUICK SETUP. The unit deletes any data in memory and checks for
attached auto-ID sensors. It sets up the channel(s) to collect data automatically.
When the yellow light flashes, it is ready to begin collecting data.

3. Press START/STOP. The green light flashes to show that CBL 2 is collecting data.

4. When the CBL 2 finishes collecting data, it stops.
or
If you want to stop collecting data before the CBL 2 finishes, press START/STOP.
(The maximum number of data points that will be collected in this mode is 99.)

Next, transfer the data from CBL 2 to your calculator:

5. Connect the calculator to CBL 2 with the cable.

6. On the calculator, run the DataMate program or app.

DATACOLLECTION IS DONE.
CHOOZE THE TOOL= OFTIONS
THEN CHODZE RETRIEVEDATA.

[ENTER]

7. Press [ENTER]. CH 1:TEHFIC) Z4.5

NODE: TIME GRAFH-187

1:ZETUF Y:ANALYZE
2:ETART E:TOOLE
*GRAFH B:HUIT

8. Press (5] TOOLS.

TOOL=

L:XTORELATEZTERUN
2:RETRIEVEDATA
FCHECKERTTERY
Y:RETURN TOHAIN ZCRKEEN

9. Press (2] RETRIEVE DATA. The program retrieves the data from the CBL 2 memory.

You can now graph this data from within the DataMate program or exit the
program and use the plot feature of the calculator.
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Save and Retrieve Experimente

Some versions of DataMate allow you to save experiments in the CBL 2's FLASH
memory, recall them later, and delete them when you no longer need them. You
can save your experiment set-ups: sensor selections, data collection mode,
calibrations, graph settings, and so forth, as well as any data you have collected.

Note: This option is available in DataMate for TI-83 Plus, TI-86, TI-89, TI-92 and TI-92 Plus.
Screens shown in this section are from the TI-83 Plus.

Save an Experiment

If you have entered the setting for an experiment but have not collected data, only
the settings are saved. If you have entered the settings and collected data, both the
settings and the last run of data are saved. Follow the steps below to save an
experiment:

1. On the DataMate Main Screen, press [1] SETUP. TR L ITRILESI eI

CHz:
CH =:
DIG :
NODE: TIME GRAFH-100

1:0K *ZERD
2:CALTERATE 4:5AYE/LOAD

2. Press (4] SAVE/LOAD. T ——
1:5AVE EXFERIHERT
Z:LOADEXFERINMENT
SiODELETE ERFERIHERT
Y:DELETEARLLEXFERIMENT=
E:RETURN TOETUF SCREEN

3. Press[1] SAVE EXPERIMENT. EHTEH HAFE:

4. Key in a name (up to 20 alphabetic and/or numeric characters) and press [ENTER].
The experiment is saved, and the Experiment Menu is displayed again.
Note: Each experiment file must have a unique name (for example, temp1, temp2, and so

forth). The CBL 2 cannot distinguish between files with the same name. All files are
displayed in the order in which they were saved.
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Load an Experiment

To re-load an experiment from the CBL 2 FLASH memory, follow these steps:

1. On the DataMate Main Screen, press (1] SETUP.

2. Press (4] SAVE/LOAD.

3. Press[2) LOAD EXPERIMENT.

B CH 1:ZTAINLEZS TENFLC)
CH z:
CH =:
DIG :
HWODE: TIME GRAFH-100

1:0K =:ZERD
Z:CALIERATE 4-AVE/LOAD

EXFERINENT HENLU

1:FAVEEXFERIMENT

c:LOAD EXFERINENT
DELETEERFERINENT
Y:DELETEALL EXFERIMENTZ:
E:RETURN TO ZETUF =CKEEN

SELECTEWFERINENT

1:HOT

2 TENF

HTEHF1

Y:TEHFZ
C:RETURNTOTOOL:

4. Press the number beside the experiment you want. The experiment loads, and

the Main Screen appears.

Note: Only one experiment file can be loaded at any one time.

Delete an Experiment

Experiment files stored in the CBL 2 FLASH memory appear in the order in which
they are stored. New experiments are added one after another. To make the best
use of memory, you should delete files when they are no longer needed.

Follow these steps to delete an experiment:
1. On the DataMate Main Screen, press (1] SETUP.

2. Press (4] SAVE/LOAD.

FCH 1:ZTAINLEZS TENFLC)
CH z:
CH :
DIG :
MODE: TIME GRAFH-100

1:0K *:ZERD
2:CALIERATE Y4:XAVE/LOAD

EXFERINENT HENU

1:FAVEEXFERIMENT

2:LOAD EXFERINENT
FDELETEEXFERIMENT
Y:DELETEALL EXFERINENRT=
S:RETURN TO ZETUF ZCKEEN
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3. Press[3] DELETE EXPERIMENT.

DELETE EXFERINENT

1:TENF

Z:TENF1

HTENF2
Y:RETURNTOTOOL =

4. Press the number beside the experiment you want to delete. (CAUTION: Deleted
files cannot be retrieved!) The experiment is deleted, and the Experiment Menu

appears.

Delete All Experiments

In addition to deleting one experiment at a time, you can delete all the
experiments that you have stored. To delete all experiments at the same time,

follow these steps:
1. On the DataMate Main Screen, press [1] SETUP.

2. Press[4] SAVE/LOAD.

3. Press (4] DELETE ALL EXPERIMENTS.

F CH 1:2TAINLEZE TEWF(C)
CHz:
CH =:
DIG :
HODE: TIHE GRAFH-100

1:0H #:ZERD
2:CALTERATE 4:5AYE/LOAD

EHXFERIMENT HENU

1:ZAVEEXFERINENT
2:LOADEXFERINENT
HDELETEERFERIHENT

Y:DELETEALLEXFERINENTE
C:RETURNTOSETUF =CREEN

4. Press (1] to delete all experiments. The experiments are deleted, and the Setup

screen appears.
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Using CBL 2 with Other Programs

CBL 2 works with most of the existing CBL programs with no changes or only minor
changes.

¢+ Programs in the Tl CBL Explorations™ activity books.
+ Tl programs from the Tl calculator web site, www.ti.com/calc.
¢+ Programs that you create.

Follow the instructions in the activity books or on the web site to copy programs to
your calculator. Then do the experiment as directed.

Appendix B contains a quick reference guide for the CBL 2 commands. If you want
to create your own programs for CBL 2, we encourage you to consult the Technical
Reference document on the Resource CD or the Tl web site for detailed
explanations and additional information on the commands.

Storing and Retrieving Programs with DATADIR

The DATADIR program allows you to store programs in CBL 2's FLASH memory and
then later retrieve them to your calculator. (This is like having an “external hard
drive” for your calculator.) CBL 2 has approximately 600K of FLASH memory
available for storing experiment files and programs.

The DATADIR program is available on the Tl Resource CD and on the Tl web site at
www.ti.com/calc .

To store and retrieve programs, the CBL 2 must be connected to a Tl graphing
calculator.

Start the DATADIR Program

1. Press [PRGM].
2. Press [+] to move the cursor to DATADIR and press [ENTER].

3. Press [ENTER] again to confirm your choice. P

An introductory screen appears briefly, then the main
1:LI:T OF FROGEAKWE

menu displays. ZLOAD A FROGRAK
5 TORE FROGRANS

Y:DELETE A FROGRAN
E:DELETE ALL FROGRAKE
G:CHECK NEMOFRY

~:AUIT

20
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Store a Program

The program(s) you want to store must be on your calculator. You can store one
program or several programs at the same time. Follow the instructions below:

1. On the Directory Main Menu, press [3] STORE PROGRAM.

2. Press [LINK].

3. Press (3] Prgm.

4. Press[+] to move the cursor to the program you want to
store and then press [ENTER]. A dot appears beside the
program name.

Repeat this instruction until you have selected all the
programs you want to store.

5. Press[»] to highlight TRANSMIT and press [ENTER]. When
the program(s) have been stored, the calculator displays
the message Done.

Note: The calculator exits the DATADIR program to make the

transfer. Run the DATADIR program again to see the results of the
transfer.

STORE FROGRAMCEY

FRESSZNDLINK: THEN
CHOOSE FRGH. SELECT
THEFROGRANS TO STORE.
THEN CHOOZE TRANZHIT.
COMFLETE THIZIN
1HINUTE.

|$ﬁl{ FRECEIWE
1+..

..
to
t= to TISZ.

'EIIIII_I_'EIII

11-
=
is
is
OE...
ic..

'\Jl:l'“-l'_l'l-b-l'.-ﬁl

~1-

I
e
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-
n=r4ea
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=
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View Programs in Storage

Retrieve a Program from Storage

The DATADIR program allows you to see a list of the programs you have stored on
the CBL 2. It is possible to store programs for more than one calculator on the same
CBL 2 (for example, TI-83 Plus programs and TI-89 programs). DATADIR can
differentiate calculators and data types, and will list only the programs that apply

to the calculator that is connected.
Follow the instructions below to see the list:

1. On the Directory Main Menu,
press 1] LIST OF PROGRAMS.

LIZTOF FROGRANE

1:JUNF.BHF

Z:LIGHT.BHF
FHATCHIT.BAF

Y%RETURN TOFREVIOUS HERU

2. When you finish viewing the list, press (4] RETURN TO PREVIOUS MENU.

The DATADIR program also allows you to retrieve a program from storage in the
CBL 2 to your calculator. Although you can store several programs at once, you can
retrieve only one at a time. The following instructions will guide you through this
task:

1.

On the Directory Main Menu, press [2] LOAD A

PROGRAM.

Press the number beside the program you want to load
and follow the instructions on the screen, as shown in

steps 3-5 below.

Press [LINK].

Press ] to highlight RECEIVE and press [ENTER].

LOAD AFROGRAN

1:JUHF.BRF

Z:LIGHT.BRF
FHATCHIT.BAF

YRETURN TO FEEVIOUS HENU

FREZZ2ND LINK.
CHOODZE RECEIVE AND
FREXXLENTER]. FREXS
TRANZFER EUTTONON
INTERFACE. COMFLETE
THIZIN1HINUTE.

?ﬁ]{ FECEIVE
1+.
fH11-..

:Pram...

Li=st..
EiEtE to TISZ.
Fi

I

+

0E..
15

b (a1 ) B |

5. When the calculator screen displays WAITING, press TRANSFER on the CBL 2.
When the program has been loaded on the calculator, the calculator displays the

Note: The calculator exits the DATADIR program to make the transfer.

message Done.
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Delete a Program from Storage

The DATADIR program provides two options for deleting programs from storage.
You can delete a single program (option 4) or you can delete all the programs that

are stored on the CBL 2 (option 5).

Note: Deleting all programs will NOT delete the DataMate programs.

Follow these instructions to delete a single program that you have stored on the

CBL 2:
1. On the Directory Main Menu, press [4] DELETE A
PROGRAM.

2. Press the number beside the program you want to
delete.

The Directory Main Menu appears.

DELETE A FROGRAN

1:.IUNF.BYF

:LIGHT.BRF
Z:HATCHIT.BYF

Y:RETURN TO FREVIOUS HENU

YOUJUSTDELETED

JUNF .BF ...JUNF.BHF

Follow these instructions to delete ALL the programs that you have stored on the

CBL 2:

1. On the Directory Main Menu, press (5] DELETE ALL PROGRAM.

2. The programs are deleted and the Directory Main Menu appears.

Check Memory

The DATADIR program also allows you to check available memory space on the

CBL 2. Follow the directions below to check memory:
1. On the Directory Main Menu, press (6] CHECK MEMORY.

2. When you finish viewing the screen, press [ENTER].

The Directory Main Menu appears.

Exit the DATADIR Program

On the Directory Main Menu, press (7] QUIT.
The calculator displays the message Done.

NUMEEFR OF AYAILAELEEYTES
INARCHIVE:

aiyze

LENTER]
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DataMate Screen Reference

This section of the user guide shows the major screens in DataMate. Individual
screens are shown, along with an explanation of each screen’s options.

This section is meant to be used as a reference, so the screens are arranged in
alphabetical order by screen name to make it easier to find a particular screen.

Advanced Time Graph Settings

(option 3 on the Time Graph Settings screen)

ADY. TIME GRAFH ZETTINGE
LINEGRAFH:TERFCC)

YHIN THAA YECL
“2n 1:zE cE
TRIGGERING:-NONE

1:0K

Z:CHANGE GEAFH SETTINGE
ZCHANGE TRIGGERING

The top part of the screen shows two fields: Live Graph and
Triggering. The bottom part lists the menu options.

The YMIN and YMAX values under Live Graph refer to the
lower and upper boundaries, respectively, of the “window”
in which the collected data is shown. The values shown on

the screen are the default range of the sensor in channel 1.
(In this example, it is the stainless steel temperature sensor.)

1: OK Returns to the Time Graph Mode screen.
2: CHANGE GRAPH Allows you to change the minimum and maximum of the
SETTINGS y-axis and the y scale values for the graph displayed during

live-graph data collection.

3: CHANGE TRIGGERING Allows you to change the trigger levels that start the data

collection.

Analyze Options (option 4 on the Main Screen)*

ANALYZE OFTIONS
L:KRETURNTO HAIN SCREEN
Z:CURNEFIT
Z:A00 HODEL
Y:2TATISTICE
E:INTEGRAL
1: RETURNTO Exits the Analyze Options screen.
MAIN SCREEN
CURVE FIT Allows you to select regression models for the data.
ADD MODEL  Allows you to create a new regression model for the data.
STATISTICS Allows you to determine one-variable statistics for a selected
region of data.
5: INTEGRAL Allows you to determine the integral for a selected region.

*This option is not available on the TI-82 version of DataMate.
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Calibration (option 2 on the Setup screen)

CALIERATION
FH
CALIERATION:LINERR
SLOFE InT
-z.Bz8 1=7:

1:0K
:CALIERATE NOW

Z:MANUAL ENTERY

From this screen you calibrate a sensor in either of two
ways. The first way is a two-point calibration; the second
way is to manually enter slope and intercept values.

Note: Not all sensors can be calibrated. If you select a sensor that
cannot be calibrated, DataMate does not display this screen.

1:

OK Saves the changes and returns to the setup screen.

2: CALIBRATE NOW Allows you to select a two-point calibration method.
: MANUAL ENTRY  Allows you to key in known calibration values.

3

Experiment Menu (option 4 SAVE/LOAD on the Setup screen)

ERFERIMENT HENL

1:ZAYEERFERINENT
:LOADERFERIMENRT
Z:DELETEEXFERIMENT
Y:DELETEALL EXFERINENT:
C:RETURN TO XETUF SCREED

Note: If you have set up your experiment but have not
collected data, this option saves the settings. If you have both
settings and data, it saves both. However, only the current run
of data is saved; previous runs of data that you may have
stored will not be saved.

This screen is available in DataMate for TI-83 Plus, TI-86, TI-89,
TI-92, and TI-92 Plus.

LA S

SAVE EXPERIMENT
LOAD EXPERIMENT
DELETE EXPERIMENT

Saves the experiment to CBL 2 FLASH memory.
Reloads an experiment from CBL 2 FLASH memory.

Deletes an experiment from CBL 2 FLASH memory.

DELETE ALL EXPERIMENTS Deletes all experiments from CBL 2 FLASH memory.
RETURN TO SETUP SCREEN Returns to the Setup screen.

Graph Menu (option 3 on the Main Screen)

F CH1-TEMWFLC)
CHZ-LIGHT
CHz W& CH1

1:MAIN*CREEN  =REZCALE
<:SELECT REGION Y4:MORE

From this screen you can select the data you want to graph,
select a region of the graph to view or analyze, and change
the scale of the graph.

The top part of the screen shows the graphs that you can
display on the screen. The bottom part lists the menu
options.

N =

w

MAIN SCREEN Returns to the Main Screen.

SELECT REGION  Allows you to select a region of the graph. (Data outside the
selected region is cleared from the graph and from the
calculator lists in which the data is stored.)

RESCALE Allows you to change the graph by choosing autoscale or
entering values for x-scale or y-scale.

MORE Displays additional graphing options.
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Main Screen

CH 1:TEMF(C) 24k The top part of the Main Screen shows the current sensor
setup and data collection mode. The bottom part lists the

MODE: TIME GEAFH-1B0 menu options.

L:5ETUF Y:RNALYZE
c5THRT L:TOOL:
Z0RAFH B:QUIT

1: SETUP Select sensors, data collection mode, calibrate sensors, and manage
experiment files.

2: START Begin collecting data.

3: GRAPH Select and view a graph of the data from the experiment.

4: ANALYZE Select the type of analysis you want to perform with the data.

5: TOOLS Select a tool such as RETRIEVE DATA or CHECK BATTERY.

6: QUIT Exit the DataMate program.

DataMate automatically recognizes an auto-ID sensor, identifies the channel to which
it is connected, loads a default experiment appropriate to the sensor, and shows the
current reading. All active channels are shown, and the Main Screen is updated as
auto-ID sensors are added or removed.

Sensors that are not auto-ID, such as pressure sensors and pH sensors, must be set
up manually. See instructions for Connect a Sensor to the CBL 2 on page 6.

The Main Screen defaults to “meter mode” which updates readings for active
sensors every few seconds. To turn meter mode off or on, press [+] on the calculator.

Rescale Graph (option 3 on the Graph Menu screen)

REZCALE GRAFH On this screen you can change the scale of the graph being
1:AUTOSCALE rescaled.
2R ECALE
¥ SCALE
Y4:RETURN

1: AUTOSCALE  Automatically rescales a graph to fit your data to the calculator
screen (ZOOM STAT).

X SCALE Allows you to enter value(s) for the x-axis scale.
Y SCALE Allows you to enter value(s) for the y-axis scale.
RETURN Returns to the Graph Menu screen.

26 GETTING STARTED WITH CBL 2



Select Channel [to Zero] (option 3 (ZERO) on the Setup screen)

SELECT CHANNEL

1:CHi-FORCECNY
2:CHZ-ACCELCH./ 530
Z:ALL CHANNEL ®

From this screen you can set one or more sensors to zero.

Note: Not all sensors can be zeroed. DataMate displays only the
sensors that can be zeroed.

1:
2:
3:

CH1 Allows you to zero the sensor in this channel.

CH. .. Allows you to zero the sensor in this channel.

ALL CHANNELS Allows you to zero the sensors in all channels.

Select Mode (from the SetUp screen)

SELECT HODE

1:LOGDATA

Z:TIME GRAFH
FEVENTEHITHENTREY
Y:INGLEFOINT
CEELECTEDEVENT®
B:RETURN TO *ETUF SCREEN

The default data collection mode for CBL 2 is Time Graph.
To change the mode, follow the steps in Select the Data
Collection Mode on page 9.

—

LOG DATA Asks you to start the Quick Set-Up Procedure.

TIME GRAPH  Allows you to set the interval between samples and the number of
data points collected. It is the default mode.

EVENTS WITH Collects one data point each time you press and then asks
ENTRY you to correlate that data point to a numeric value. It is used for
experiments such as titrations and Boyle’s law.

SINGLE POINT Collects one data point per second for ten seconds and displays one
averaged data point.

SELECTED Collects one data point each time you press on the calculator.
EVENTS

RETURN TO Returns to the setup screen.

SETUP

SCREEN
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Select Sensor (from the SetUp screen)

SELECT ZEN=OR When you plug a non-auto-ID sensor into Channels 1-3 and
é;;ﬁ"““m“ select that channel on the Setup screen, DataMate displays
FCONDUCTINITY a list of analog sensors from which you can choose.
Y4:FREZSURE . . .

C:FORCE This screen is the first of several screens.

6:HEART RATE

7:HORE

B:KETURNTO SETUF SCREEN
1- ... Tells the CBL 2 that this sensor is attached to the selected channel.
6:
7: MORE Displays the next screen of the sensor list.
8: RETURNTO Returns to the Setup screen without selecting a sensor.

SETUP SCREEN

ZELECT SENZOR When you plug a non-auto-ID sensor into the digital
HEHEHEE:}J channel and select that channel on the Setup screen,

*NONE DataMate displays this list of motion sensors from which

you can choose.

Note: Additional programs are required to run the Rotary
Motion, Student Radiation, and Photogate sensors.

1: MOTION(M) Tells the CBL 2 that the sensor attached to this channel measures
data in meters.

2: MOTION(FT) Tells the CBL 2 that the sensor attached to this channel measures
data in feet.

3: NONE Returns to the Setup screen without selecting a sensor.

Setup (option 1on the Main Screen)

k EH %EETHIHLEEE TEHFLC) From this screen you can change the current experiment
CH =: setup, including change the sensors, change the data
DIG : collection mode, calibrate a sensor, set a sensor to zero, and

HODE: TINE GRAFH-100 . .
save or load experiment files.

1:0K =iZERD The top part of the screen shows the sensors that are
Z:CALIERATE 4:3AVE/LOAD connected to the CBL 2 channels and the current mode
setting. The bottom part lists the menu options.

1: OK Returns to the Main Screen.

2: CALIBRATE Allows you to calibrate a sensor.

3: ZERO Sets a current sensor reading to zero.

4: SAVE/LOAD* Displays the Experiment Menu so you can save, reload, or delete

experiment files in CBL 2's FLASH memory.

* The SAVE/LOAD option is available only in DataMate for the TI-83 Plus, TI-86,
TI-89, TI-92, and TI-92 Plus.
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Time Graph Settings (option 2 on the Select Settings screen)

TINE GRAFH SETTINGS The top part of the screen shows three fields: Time Interval
TIME INTERVAL: 1 (the time in seconds between samples), Number of Samples,
NUHEEF OF *ANFLEZ: 180 and Experiment Length (in seconds). The bottom part lists

ERFERIMENTLENGTH: 180 the menu options.

1:0K ZADVANCED
Z:CHANGE TIME SETTINGE

1: OK Returns to the select mode screen.

CHANGE TIME Allows you to change the Time Interval and Number of Samples.

ADVANCED Allows you to change graph settings and/or triggering levels.
SETTINGS

Tools (option 5 on the Main Screen)

TOOL Options on the Tools menu allow you to perform various
%EEHEE:{EEEHUH functions, including store data runs, retrieve data from the
Z:CHECK ERTTERY CBL 2 to the calculator, and check battery status.

Y:RETURN TOMALN =CKEEN

1: STORE LATEST RUN  DataMate places the data from your first run in List 2 (L2) of
the calculator. When you STORE LATEST RUN, this data in
List 2 is moved to List 3 of the calculator so that new data
can be collected in List 2. You can store up to two runs,
which enables you to compare data from three runs.

This option cannot be used with more than one sensor, nor
can it be used with the motion sensor.

2: RETRIEVE DATA Retrieves to the calculator any data that is in the CBL 2
memory. This could be data collected using the CBL 2 QUICK
START feature or data from your last DataMate experiment.

3: CHECK BATTERY Checks the CBL 2 battery level.
RETURN TO MAIN Returns to the Main Screen.
SCREEN
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Activity 1 — Add Them Up!!

Math Concepts Science Concepts
+ Data collection + Data collection and analysis
¢  Statistical plots ¢ Measurement of electrical energy
¢ Math modeling ¢ Batteries in series; series circuit
¢ Multiplication as repeated addition
¢ Using a pattern to develop a formula
Materials
¢ (BL2™
¢ Tl Graphing Calculator
¢ 6-inch unit-to-unit link cable (or any length)
+ Tl voltage sensor
¢ 5same size 1.5-volt batteries (for example, AA (LR6) or AAA batteries)
¢ Ruler with ridge down the center or any other device to hold the batteries in place

Introduction

Every day people use one or more batteries when they use a flashlight, their
calculator and CBL 2, or any other battery-operated devices. Have you ever put
batteries in a flashlight or your CBL 2? How much power do they get from the
batteries inside?

Look on the outer jacket of your batteries. You should see a positive terminal (+)
and a negative terminal (-) at the ends of the battery. You also will see the size, for
example AAA, and the voltage, for example, 1.5 VOLTS.

If you look at the position of the batteries in many flashlights, you will notice that
they are lined up in a column or a series. The batteries in the flashlight are lined up
so that the positive terminal (+) touches the negative terminal (-). Observe the
position of the batteries in the CBL 2. You will notice that even though the
batteries are not in a row, the battery terminals alternate and there is a piece of
metal connecting the positive terminals (+) with the negative terminals (). These
batteries are connected in series or serial arrangement (see the figure on the next
page). Batteries supply electrical energy to electronic devices when a circuit is
created. For now, think of a circuit as a path linking the positive terminal to the
electronic device (the /oad) and then back to the negative terminal.

This investigation will help you explore how many total volts several batteries in
series provide to battery-operated devices!
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Batteries in Series
Set-up

First, you will use the CBL 2 and your calculator to measure the voltage of each of
your five batteries. Next you will measure the voltage of one battery, then a series
of two batteries, then three, and so on. It is recommended that you work in a
group. There are three tasks that will need to be accomplished:

+ Taking measurements with voltage leads.
+ Operating the calculator and CBL 2.
+ Positioning the batteries.

Use five batteries of the same size and voltage. It is best if you use new batteries or
a set of batteries that have been used in the same device.

The batteries can be held in place using a battery holder, a ruler with a ridge down
the center, or even the grout line between tiles on a table or floor.

The batteries should be lined up with a positive terminal (+) touching a negative
terminal (-).

Data Collection

1. Connect the CBL 2 to your calculator using the unit-to-unit cable. Connect the
voltage sensor to the CBL 2 in Channel 1 [CH 1].

2. On the calculator, run the DataMate program or app. TR LTVOLTRGELY o1
DataMate automatically identifies the voltage sensor and
loads a default experiment. The Main Screen of

DataMate is shown on the right. HODE: TINE GRAPH- 184

Lo s
(If the MODE setting is different than that shown, press TGRAFH - GAUIT

to reset the program.)

3. Place one battery in a battery holder or on a ruler. Touch and hold the
appropriate voltage leads to the appropriate terminal, red to (+) and black to (-).
You have now created a series circuit with the CBL 2.
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4. Read and record the voltage of each of the five batteries on the Student Data
Reporting Sheet, question 1. (Notice that the voltage can be seen on the upper

right hand corner of the DataMate Main Screen.)

5. Next, set up the CBL 2 to take a measurement in the
mode EVENTS WITH ENTRY.

On the Main Screen, press (1] to select SETUP.

6. Press[+] or [+] to scroll to MODE and then press [ENTER].

7. Press (3] for EVENTS WITH ENTRY. This means that you

will record a voltage measure each time you press ENTER.

8. Now, press [1] OK.

9. Press[2] START.

10. Press to take the first measurement of one battery.
When you see ENTER VALUE?, press (1] then press
for the first entry.

(Each time you press to save a voltage, the
calculator asks you to enter a value to keep track of the
number of batteries.)

CH L:TIVOLTAGEY)
CHE:

CH Z:
D0IG :
¥ MODE: TINE GEAFH=-10

1:0K z:ZERD
2:CALTIERATE 4:XAYE/LOAD

ZELECT HODE

L1:LOGDATA

:TINE GRAFH
EVERTZHITHENTRY
Y:EINGLEFOINT
E:ZELECTEDEYENT=
B:RETURNTOSETUF SCREEN

CH L:TIVOLTAGEY)
CHz:

CH z:
DIG :
¥k HODE:EVENTSHITHENTRY

1:0K :ZERD
:CALIERATE 4:5AVESLOAD

CH 1:VOLTAGECYT 1.4

HODE:EVENTEHITHENTRY

1:ZETUF Y:ANALYZE
2ETHRT c:TooL=
Z:0REAFH B:QUTIT

EHTER WALUE
71

11. Now, line up two batteries in series. Again, touch the red voltage leads to the (+)
terminal and the black voltage leads to the (-) terminals. Press to collect
the voltage of the two batteries. Label this as the second entry.

12. Continue this process until all five measurements have been taken.

13. When you are through taking all of your data, press [ST0®]. You will see the graph
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of your data. Press to get to the DataMate Main Screen.

Analysis
1. From DataMate's Main Screen, press (3] GRAPH, and TRTYTIT =
answer the questions 2-6 on the Student Data Reporting .
Sheet. o
H=.1 ¥=1.z878E

The slope of a line is the steepness of the line or the rate of change. The
numerical value of the slope can be related to many physical models. In this
model the slope is approximately voltage per battery. The unit of the slope in
this model is voltage/battery. An equation that is often used for this linear
model is called the slope-intercept form, which is:

Y=AX+B

where A= the slope and B= the intersection of the line and the Y-axis (or the
value of Y when X=0) which is also called the Y-intercept. You may have seen
this equation written as y=mx+b, where m is the slope.

Answer question 7 on the Student Data Reporting Sheet.

3. From the graph screen, press [ENTER], then press (1] for TR TR T T
Main Screen.
HODE: EVENTS HITHENTEY
1:XETUF Y:ANALYZE
ZETART  E:TOOLS
BGRAFH  GQUIT
4. Press[4] ANALYZE. pPeTETETTET—
1:KETURN TO NATN ZCREEN
c:CURYEFIT
AP NODEL
WETATISTICE
E:INTEGRAL
5. Press[2] CURVE FIT. TR
1:LINEAR CCH1YEZENTRY)
Z:LINEARCCHZ Y= ENTRY)
FLINEARCCHZYEENTRY)
YLINEARCDIST VEENTRYY
E:LINEARCVELOVYEZERNTRYY
B:LINEARCCHZ YECH1Y
7:HORE
6. Press (1] LINEAR (CH1 VS ENTRY). Copy this regression information into question
8 on the Student Data Reporting Sheet.
Press [ENTER] to see the graph of your data and the curve fit.
8. Press [ENTER], then [1] RETURN TO MAIN SCREEN, then [6] QUIT to leave DataMate.
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9. Complete questions 9 and 10 on the Student Data Reporting Sheet.

Going Further

Check to see if the slope of the Linear Regression Equation is the average of the
voltage of the batteries used.

See how the voltage of the series of five batteries decreases over time by using the
TIME GRAPH mode over several hours. You will need to ensure that the voltage
leads are touching the battery terminals for the entire investigation.

Investigate the configuration of a parallel circuit and explore the total voltage of
batteries set up in parallel.
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Student Data Reporting Sheet

1. Record the voltage for each of your five batteries in the table below.

Battery 1" 2" 3" 4" 5"

Voltage

2. Draw the graph of the data collected from measuring the series of one battery,
then two batteries, then three, and so on. Label the axes with the appropriate
words.

3. If you connected the points on the graph, describe the general shape of the
graph.

4. Press the arrow keys to trace along the data points and record your data, the
voltage, in the table below:

# of Batteries Voltage
X Y
1
2
3
4
5

5. What do you notice about the voltage measurements?
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6. Predict the voltage of a series of six of your batteries.

of 10? of 20? of X?

7. If X= number of batteries and Y= the voltage, use your data to write an
equation that describes the relationship of batteries to voltage.

Use your equation to fill in A= B= where Y=AX+B.

8. Record the values from the calculator when you used Curve Fit.

A= B: Y:
9. For the equation of the line, Y=AX+B, A is called the and B is called
the . Are the calculator values of A and B the same as your values for

A and B? Write a comparison.

10. Summarize your investigation. Write a description of the total voltage a battery-
operated device will receive if several batteries are lined up in a series. Include a
sketch of the batteries in series.
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Teacher Section

Theory

Science and Mathematics:

When batteries are lined up in series, the total voltage is the sum of the voltage of
each battery. Notice that the total voltage is calculated by the repeated addition of,
say, 1.4 volts. After gathering their data, students should use inductive reasoning to
notice that the sequence of voltage can be generalized to 1.4X where X is the
number of batteries. This gives a simple linear model of the relationship of voltage
versus number of batteries.

If the batteries are approximately 1.4 volts, the linear equation should be
approximately Y=1.4X + 0 where Y is the total voltage of the series and X is the
number of batteries. The slope, or rate of change of the total voltage, is 1.4 volts
per battery. The Y-intercept is at (0,0), no batteries, no volts. Have students write
the equation using variable names that fit the problem.

Students should compare their formula developed using their reasoning and
number sense with the Linear Regression Line, Line of Best Fit (Curve Fit), calculated
using the calculator. Point out that, for this simple problem, they were able to
develop the model using their own reasoning skills.

Discuss with the students that they could have used (B,V) instead of variables (X,Y)
to describe the model. The letters B and V may have more meaning in the physical
problem. Notice that there would be confusion if they use B also for the Y-intercept
in this case. Discuss this. Also, ask students how the linear equation used in the
activity, Y=AX+B compares to the use of y=mx+b in their math classes. Point out
that A=slope=m.

Note: If the batteries are brand new, the voltage measurement might be greater than 1.4
volts.

Answers

1. Answers will vary.

2. Sample graph:

VOLTAGECW) Fii

n=1 ¥=1.z978%
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3. The general shape of the graph should be a straight line if the batteries were all
close to the same voltage.

4. Example: All batteries here are 1.4 volts.

# of Batteries Voltage
X Y
1 1.4
2 3.0
3 4.4
4 5.8
5 7.2
VOLTAGECY) Fii
EY | y=1.3078E

5. Asyou add a battery to the series, the total voltage increases by about 1.4 volts.
6. 8.6, 14, 28, 1.4X
7. Y=1.4X, A=1.4,B=0
8. See the sample screens. Answers will vary depending on the voltage of each
individual battery.

Y=R#+x+E i

H = 1.378298

B = « 156486

R = FITIS851

[EMTER]

9. A =slope and B = Y-intercept. If the batteries have slightly different voltages,
the value of the calculated slope will be the mean of the voltages. Responses
will vary.

10. Look for the correct use of the vocabulary: slope, intercept, terminal, volts, and
series.
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Going Further

Check to see if the slope of the Linear Regression Equation is the average of the
voltage of the batteries used.

See how the voltage of the series of five batteries decreases over time by using the
TIME GRAPH mode over several hours. You will need to ensure that the voltage
leads are touching the battery terminals for the entire investigation.

Investigate the configuration of a parallel circuit and explore the total voltage of
batteries set up in parallel.
Reference

Data Collection Activities for the Middle Grades with the TI-73, CBL, and
CBR: Johnston and Young; Tl Explorations™ Book.
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Activity 2 — Light from Afar

Math Concepts Science Concepts
+  Graphical representation of data + Data collection and analysis
+  Comparing predictions to data ¢ Measurement of light and distance
¢ Inverse square relationships
¢ Sources of error and their effects
Materials
¢ (CBL2™
¢ Tl Graphing Calculator
¢ 6-inch unit-to-unit link cable (or any length)
+ Tllight sensor
¢ (Incandescent) 60 Watt light bulb and light socket
¢ Ruler or tape measure

Introduction

You've probably noticed that the intensity of light from a light bulb decreases as
you move further away. Theoretically, the intensity of light / is related to the
distance d from the light source by a function of the form:

A

| —?
where the value of the constant A depends on the light bulb. In this experiment
you will compare theoretical predictions with actual measurements.

You will need a Tl light sensor (included with the CBL 2) to measure light intensity.
You can use either a tape measure or a measuring stick (a yardstick or a meter stick)
to measure distance.

Set-up
You will need a relatively dark room. Place a bare light bulb at one end of the room

with a dark background behind it. You will measure the intensity of the light from
this bulb from various distances.
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Data Collection

Connect the CBL 2 to your calculator using the unit-to-unit link cable. Connect

the light sensor to the CH1 port on the CBL 2.

On the calculator, run the DataMate program or app.
DataMate identifies the light sensor and loads a default
experiment. The Main Screen is displayed.

On the Main Screen, press 1] SETUP.

Use (4] or [+] to scroll to MODE and press [ENTER]. The
Select Mode screen appears.

Press (3] to select EVENTS WITH ENTRY. The Setup
screen is displayed again.

Press [1] to select OK to return to the Main Screen.

Press [2] START. You should see a screen similar to the
one on the right. Notice that the reading changes as you
move the light probe.

You are now ready to make a series of light
measurements with the light probe at various distances
from the bulb and pointed toward the bulb. The

distances .5, 1, 1.5, 2, 2.5, and 3 meters usually work well.

CH 1:LIGHT il ]

HODE: TIME GEAFH-E

1:ZETUF Y:ANALYZE
2 TART S:TOOL:
Z:GRAFH B:AUIT

FCH 1:TILIGHT
CHz:
CH =:
0IG :
HODE: TIHE GRAFH-E

1:0K *ZERD
2:CALIERATE Y4:ZAVE/LOAD

SELECT HODE

1:LOGDATH

2:TINE GEAFH
HEVENTSHITHENTRY
Y:EINGLEFOINT
C:XELECTEDEVENTZ=
6:RETURN TO ZETUF =CKEEN

CH 1:TILIGHT
CHz:
CH =:

0IG :
F HODE: EVENTZHITHENTERY

1:0K *ZERD
2:CALIERATE Y4:ZAVE/LOAD

CH 1:LIGHT A1E

HODE: EVENTEZHITHENTRY

1:ZETUF YANALYZE
2 ETART S:TOOLE
Z:0RAFH B:AUIT
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8. Position the probe for the first measurement and then
press to record the first measurement. You should

see a screen like the screen at the right.

EHTER “WALLUE
7H

9. Key in the distance from the tip of the light probe to the bulb.

10. Repeat the procedure above, making a series of light measurements from
different distances. Six to eight measurements should be sufficient. After you
have made all your measurements, press to end the data collection phase

of this experiment.

The screen below shows the results from a typical run.

LTGHT

Fi:

o
h=g ————'=.EchB0E

Analysis

Work through the questions on the Student Data Reporting Sheet.

This experiment looks at a simple relationship but there are many potential sources
of experimental error. You will attempt to identify as many potential sources of
error as possible and either minimize or compensate for these problems.
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Going Further

One way to determine the effects of measurement errors is by using theoretical
predictions. Assume that a function of the form

_A
d?

correctly represents the relationship between light intensity and distance. What
does this say about the relationship between a light intensity reading made at .5
meter and one made at 1 meter? What if the reading that was supposed to be
made at .5 meter was actually made at 45 cm and the reading that was supposed to
be made at 1 meter was actually made at 1.05 meters?

If you do everything you can to minimize all the sources of error, what sources are
left? For example, you can never measure distances exactly. How precise are your
distance measurements? How might the remaining errors affect your data?
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Student Data Reporting Sheet

1. If you connected the points on the graph, describe the general shape of the
graph.

2. Use [ and ] to determine the measurements from the graph, and record these
measurements in the table below:

Distance Light Intensity

3. Theoretically the relationship between light intensity and distance is given by a
function of the form

A
d?
where [ is the intensity of the light and d is the distance from the tip of the light

probe to the light bulb. If this is correct, what would you expect the ratio to be
between the light intensity measurements made at .5 meter and 1 meter?

What would you expect the ratio to be between the light intensity
measurements made at 1 meter and 2 meters?

What would you expect the ratio to be between the light intensity
measurements made at 1.5 meters and 3 meters?

4. Compare the ratios from the actual data to your predictions above.
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10.

1.

. There is probably some difference between the predictions and the actual data.

This frequently happens. There are two general reasons why this occurs. Either
there are errors in the data or in the theory. In this activity we explore sources
of experimental error. List several possible sources of experimental error.

One possible source of experimental error is in measuring the distance from the
tip of the light probe to the light bulb. Make several different measurements
trying to place the tip of the light probe exactly 1 meter from the light bulb.
Describe the variation in the light intensity readings.

. There are a number of things you can do to try to minimize this source of error.

Describe some possibilities.

You can investigate the effects of errors in measuring the distance from the tip
of the light probe to the light bulb by deliberately making errors. What is the
effect of an error of 5 cm when the distance is supposed to be .5 meter?

What is the effect of an error of 5 cm when the distance is supposed to be
1 meter?

Another source of error is other light in the room. You can investigate the
effects of this source of error by deliberately introducing an extra light and
comparing measurements made with this extra light on and with this extra light
off. What do you observe?

How can you correct for extra light in the room?

Repeat the original experiment doing everything you can to minimize
measurement error.
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Teacher Section

Theory

The relationship between light intensity and distance can be described by a

function of the form

A

a2

but there are so many potential sources of error that students are likely to see
discrepancies between theoretical predictions and the data. It is also very important
for students to realize that not all such discrepancies can be dismissed as
“experimental error.” This activity addresses this objective by attempting to identify

and compensate for experimental error.

The main sources of error your students should identify are:

+ Errors in measuring distance.

+ Extraneous light in the room.

+ Errors in aiming the light probe.

+ The light probe may not be zeroed - that is, with no light the light probe may

not read zero.

One way to convey the idea that not all discrepancies can be dismissed as
“experimental error” is by having students make light intensity readings using a
fluorescent bulb. Because fluorescent bulbs flicker, these measurements jump

around.

Answers

Sample data with sample answers:

1. The left half of a “U.” (Intensity falls off rapidly as distance increases.)

2.
Distance Light Intensity
5 228
1 .070
1.5 .034
2 .026
2.5 .020
3 014
3.5 .013
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11.

. The measurement made at .5 meter should be 4 times the measurement made

at 1 meter.

The measurement made at 1 meter should be 4 times the measurement made at
2 meters.

The measurement made at 1.5 meters should be 4 times the measurement made
at 3 meters.

There is a large discrepancy. For example, the actual measurement made at 2
meters is only 3.06 times the actual measurement made at 4 meters.

extraneous light in the room, errors in measuring distance, the light probe is not
zeroed, the light probe may not be aimed directly at the light bulb

depends on results

Cut pieces of string to very precise lengths and hold the light probe in place by
holding one end of a piece of string against the tip of the light probe and the
other end in a fixed position near the light bulb. Be careful not to burn yourself
on the light bulb.

roughly a 4% error

roughly a 1% error

. Extraneous light introduces an error. For example, a particular reading might go

up by 0.15

Make two readings at each distance from the light bulb— one with the light
bulb on and the other with the light bulb off. The difference between these
two readings is the intensity from the light bulb.
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Activity 3 — Dueling Sensors:
Which Temperature is Which?

Math Concepts Science Concepts

¢  Real-life linear equation ¢ Measurement and conversions

¢  Collecting and analyzing temperature data + Data collection

¢  Graphing and interpreting graphs ¢  Physical science — temperature
Materials

¢ (BL2™

¢ Tl Graphing Calculator

¢ 6-inch unit-to-unit link cable (or any length)

¢ 2 temperature sensors

¢  cup of lukewarm water

¢ cupofice

+  tape or one twist tie

Introduction

In this investigation, you will start with a glass of lukewarm water and add ice
cubes to cool the water to a refreshingly cold temperature. Two temperature
sensors will be used to take measurements in degrees Celsius and degrees
Fahrenheit. From the data gathered, you will investigate the Celsius-to-Fahrenheit
conversion formula which is a linear equation in the form Y=AX+B.

Set-up

Have one cup of lukewarm water and one cup with ice ready to use. Two
temperature sensors should be attached, with tape or twist tie, about 5 cm from
their tips. The sensors will be placed in the cup of lukewarm water. Since the ice will
be added to the cup of lukewarm water, be sure to leave room for ice. You will
need to keep the two sensors close together so they are measuring as close to the
same part of the liquid as possible.
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Data Collection

1. Connect the CBL 2 to the graphing calculator using the unit-to-unit cable.

2. Connect one temperature sensor in Channel 1 [CH 1], and one in Channel 2

[CH 2] of the CBL 2.
3. Place the two sensors in the lukewarm water.

4. On the calculator, run the DataMate program or app.
CBL 2 automatically identifies the temperature sensors
(either the flexible TI temperature sensor or then
stainless steel temperature sensor) in Channels 1 and 2
and loads a default experiment.

5. From the DataMate Main Screen, press [1] SETUP.

6. Change the sensor in Channel 2 to measure in degrees
Fahrenheit. Press [+] or [+] to move the cursor to CH 2 and

press [ENTER].

7. Press (1] TEMPERATURE.

8. Press (5] STAINLESS TEMP (F). This loads the calibration
factors for the temperature probe to measure
temperature in °F.

9. Press [+] to move the cursor to MODE and then press
to view the MODE list.

CH 1:TEHF(C) 1.8
CH Z:TEWFIC) z1.8

HODE: TIHE GEAFH-1H0

L:ZETUF Y:ANALYZE
2:5THRT L:TOOLE
ZGRAFH B:QUIT

CH 1:5TRINLEZS TEMF(C)
F CH Z:5TAINLE:E TENFCC)

CH =:

0IG :

HODE: TINE GRAFH-1B0

1:0K =ZERD
2:CALIERATE 4:ZAVE/LOAD

SELECT SENEOR
1:TENFERATURE
c:FH
=CONDUCTINITY
Y:FRELZURE
E:FORCE
G:HEART KATE
7:HORE
B:RETURN TO XETUF *CKEEN

TEHFERATURE

1:0IF CONNECT TEMFLC)
c:DIR CONNECT TEWFCF)
HERTRALONG TEMF(C)
Y:ETAINLEZS TEMFLC)
E:ETAINLEZS TEMFCFD
B:THERMOCOUFLELC)

CH 1:5TAINLESE TEWF(C)
B CH 2:ZTAINLEZZ TEMFCF)

CH :

DIG :

MODE: TIME GRAFH-1B7

1:0K *ZERD
2:CALIERATE

ZELECT HODE

1:LOGDATA

2:TIME GRAFH
HEVENTZHITHENTRY
Y:EINGLEFOINT
C:XELECTEDEVENT=
G:RETURN TO SETUF =CREEN
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10. We now must choose the most appropriate data collection mode for this
experiment. In this case, we want to use Selected Events. Press (5] SELECTED
EVENTS .

Note: In this mode, each time you press while collecting data, the CBL 2 captures a data
point for each probe connected to the unit.

11. After making your choice, the setup screen appears. Press e o
OK to return to the DataMate Main Screen (shown on CH &:TEHFIF) G
the right).

HODE: SELECTEDEVENTE

CBL 2 is set up to start collecting your data. LIETUF WANALYZE
2= TRRT E:TOOLE
Z:0KAFH a:AUIT

Collect the Data
1. Press [2] START. A screen similar to this will appear.

FREZZCENTERITO COLLECT

ORLETOITO ZTOF

n: 1

CH 1:TEHFLC) cE7
CH Z:TENF(F) re.l

2. Follow the directions on the screen by pressing to collect your first two
data points, one in °C and one in °F.

Note: Your goal is to collect about 10 data points of varying temperatures.

3. Add a few ice cubes to the water, stir with the temperature sensor, and wait
about 5 seconds. Watch the calculator screen as the temperature falls, and when
ready, press to collect another data point.

4. Continue this process as the Celsius temperature approaches freezing. You may
need to allow more than 10 seconds between samples to allow the water to get
close to 0 degrees Celsius.

After you have collected 10 points, press to stop collecting data.

6. Pres§ M.AIN.SCREEN to continue with the next step in TR >
the investigation. CH Z:TENFIF) 1

HODE: SELECTEDEVENTS

1:XETUF Y:ANALYZE
:=TART S:TOOL:
Z:GRAFH B:AUIT
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Analysis

1.

On the Main Screen, press [3] GRAPH.

You can view three graphs (one at a time) by using [+] or
(+] to move the cursor to the graph you want and then
pressing [ENTER].

When you finish viewing the graphs, press to quit
the graph.

FCH1-TENFI(C)
CHZ-TENWFLF)
CHz W&, CH1

L:HAINFCREEN  :REXCALE

2:HORE

Use the graphs to answer question 1 on the Student Data Reporting Sheet.

Press [1] MAIN SCREEN to continue.
On the Main Screen, press (4] ANALYZE.

Press [2) CURVE FIT to find the line of best fit for the
graph CH2 VS. CH1 (TEMP F VS. TEMP Q).

ANALYZEOFTIONS

L:RETURN TOHAIN FCREEN
2:CURMEFIT

#ADDHODEL
YETATISTICE
CINTEGRAL

CURYEFIT

L:LINEARCCHLVZENTRYY
2:LINEARCCHZ Y ENTRY)
FLINEARCCH 2 YEZENTRYY
Y:LINEAR(DIZTWEENTRY)
E:LINEAR (VELOYZENTRY)
B:LINEAR CCHZ VEZCHAD
7:HORE

Press (6] LINEAR (CH2 VS CH1) to calculate a linear model of this physical
relationship. A screen with the linear regression equations appears.

Answer question 2 on the Student Data Reporting Sheet.

Press to see the scatterplot and the graph of the linear regression. Use [
and [»] to record data points from the linear regression graph.

Complete question 3 on the Student Data Reporting Sheet.

Press to return to the Analyze screen, then press
to go to the Main Screen. Press [6] QUIT.

The events (numbers associated with the order of your
data points) you saved are in L1, Celsius temperatures are
in L2, and Fahrenheit temperatures are in L3 as shown in
the screen shot. You may want to use these for more
investigations.

Complete questions 4-7 on the Student Data Reporting Sheet.
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Going Further

Use List 4 and the Celsius-to-Fahrenheit conversion formula to create a new list of
the conversions.

In List 5 find the absolute value of the difference of the measured and calculated
Fahrenheit temperatures.

In List 6 find the percent of error for each measurement by dividing List 5 by List 4
and multiplying by 100.

On the Home screen, find the mean average of these percents.

Set up an inverse scatterplot where your x list is List 3 and y list is List 2. Derive the

inverse formula for converting from F to C. Find the Celsius temperature when
Fahrenheit is 0 degrees.

Graph both formulas on the graphing calculator and trace the Celsius line to find
the Fahrenheit temperature at -40 degrees Celsius.

Other 2-sensor combinations could be used to develop conversion equations
dealing with pressure, light, or force.
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Student Data Reporting Sheet

1. Compare the three graphs of CH1-TEMP (C), CH2-TEMP (F), and CH2 VS CH1
(TEMP (F) VS. TEMP (C)). Sketch the graphs on the axes below. Make sure you
label the axes.

2. Write the linear regression equation found using the calculator. This is an
approximate conversion formula to convert Celsius to Fahrenheit. Identify the
slope and y-intercept. Round A and B to the nearest tenths.

Approximate Conversion Formula:
Slope (A) =
Y-Intercept (B) =

3. Here is another method to find the conversion formula. Record two different
data points that appear to be on the regression line and that are not very close
together. Record the values in the table.

Celsius (X) Fahrenheit (Y)
X1= Y1=
X2= Y2=

4. Use the points in the table in question 3 to calculate another estimate of the
Slope (A) by using the formula A = (Y2 - Y1)/(X2 - X1).

A =

5. Use the slope in question 4 and one data point from question 3 to derive
another approximate conversion formula. Write this in the form Y= AX + B.

Y =
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6. Itis generally known that 0°C equals 32°F and 100°C equals 212°F. Use this
information to derive the exact conversion formula.

Celsius (X) Fahrenheit (Y)
X1= Y1=
X1 = Y2=

A= B:
Y=AX+B Y =

7. Press [Y4. Enter the following equations:
Y 1= Linear regression equation from question 2.
Y2= Calculated approximate formula from question 5.
Y3= The exact conversion formula from question 6.

Graph the functions one at a time and then simultaneously. Write about the
similarities and differences in the graphs. Explain why you do or do not see
differences in the graphs.
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Teacher Section

Theory

The conversion from Celsius to Fahrenheit is described by the linear function
F = 1.8 C+ 32 that is developed in this activity.

Answers

1. Answers will vary. The general shape of the first two plots will be similar. The
third plot of F versus C will be linear. Sample data:

EMFIC) Fi; EMFLFY Fii Fi:

o

a o o
-1 . | o g o?

o EANFLECN) 9 EAHFLECH)

n=l f=4imo W=l L 0 L L ELLEN, bic e & & 1 I R ¥=4h .............

Ir
|
|
|
|
|
!

2. Answers will vary. Sample data: Y=1.7X + 39.4, A=1.7 and B=39.4.

=R+H+E I

[EHTER] HET'E - I VEEE i

3. Answers will vary. Sample answers:

Celsius (X) Fahrenheit (Y)
X1=9 Y1=55.2
X2=41.9 Y2=113.4

4. Answers will vary. A=1.8

23, 220004
rEeE389853

113
1 —_

=
=g
i.
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5. Answers will vary. Sample data: B=39.3soY = 1.8X + 39.3

6.
Celsius (X) Fahrenheit ()
X1=0 Y1=32
X2=100 Y2=212
A=1.8o0r9/5 B=32 Y=AX+B Y=1.8X+ 32

7. Answers will vary. All three graphs should be similar, but they will not match up
exactly due to error in measurement. Y, and Y, will probably be the closest
match.

Going Further

Use List 4 and the C to F conversion formula to create a new list of the conversions.
In List 5, find the absolute value of the difference of the measured and calculated
Fahrenheit temperatures. In List 6, find the percent of error for each measurement
by dividing List 5 by List 4 and multiplying by 100. On the Home Screen, find the
mean average of these percents.

Lz Lz 4] y Lz LYy H c
yi.g I 11 10742 | oo
23001 | FE.izE FEz6 | F3.EEN
17z BG.7H BE.7 Gz.06
g EC 22 EE:z | 4H.Z
73333 | E1E £1 g yE z
3333 | bEY gy |
31111 | ue g 3P

Ly =1.38Lz+3Z20 L =ghs{Lz—-Ly2N

LYy LE L E] B meantls?

10742 | E80 [ oo 14.91324934
73.0gh | 14728
Gz.06 | *.7H
yg.z 7oz
yE z B.5
| B4
3P By
L6 =Lc~Ly* 1860

Set up an inverse scatterplot where your x-list is List 3 and y-list is List 2. Derive the
inverse formula for converting from F to C. Find the Celsius temperature when
Fahrenheit is 0 degrees.

Graph both formulas on the graphing calculator and trace the Celsius line to find
the Fahrenheit temperature at -40 degrees Celsius.

Other 2-sensor combinations could be used to develop conversion equations
dealing with pressure, light, or force.
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Reference

Data Collection Activities for the Middle Grades with the TI-73, CBL and
CBR: Johnston and Young; Activity 2: A Tale of Two Temperatures; Ti
Explorations™ Book.
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Activity 4 — Fruit Battery

Math Concepts Science Concepts

¢+ Measurement + Data collection

+ Data analysis +  Experimental design

+ Rate of change ¢ Physical science
Materials

¢ (BL2™

¢ Tl Graphing Calculator

¢ 6-inch unit-to-unit link cable (or any length)

+ Tlvoltage sensor

¢ U.S. Penny (1959-1982) or a piece of copper

¢ Zinc washer

+ 5 different types of fruit for batteries (orange, lemon, banana, potato, tomato, apple, and so forth)

¢  Plastic knife to make slots in the fruit

+  Water and towel to wash and dry the penny and washer

¢ Ruler to measure centimeters

Introduction

You may have heard of the potato battery that you can make with a penny and a
zinc washer. Have you wondered if this really works? In this investigation, you will
explore several items for their ability to become a battery. The material of the
potato or other object serves as an electrolyte in the battery. These electrolytes
allow ions to dissociate and this allows for the flow of electricity. The reaction is a
result of many factors: the two metal terminals, the type of material they are
connected through (electrolyte), the distance between the two metals, and the
amount of contact with the fluid. In this experiment, you will try to control all the
variables but one, the electrolyte, and discover the best battery!

In this activity you will:

+ Collect data on voltage and graph in a scatter plot.

+ Compare the values of different fruit batteries using the graph.

+ Determine the rate of change of voltage over time for the “best” battery.

To start the experiment, control all the variables except the one that you want to
measure, which is the voltage produced when the fruit is used as the electrolyte in
the battery.
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Part 1

Set up the Experiment

1. First, select a piece of copper (or U. S. penny that is dated between 1959 and
1982, inclusive) and a zinc washer. The washer can be any size, but the same
washer must be used throughout the experiment. A washer the same diameter
and thickness as the penny works well.

Clean the penny and washer with soap and water and dry them. Answer
question 1 on the Student Data Reporting Sheet.

2. Collect a container of water to clean the two metals as you switch from one
item to the next. You also need paper towels, a plastic knife to cut notches in
the fruit, and a ruler to measure the 2 cm distance between the notches. (This
distance should be the same for all batteries.)

3. Collect the 5 fruits to test. The order in which you test them is not important,
but you will need to give each fruit a number before you start the experiment.

Fill in the first two columns in the table in question 2 on the Student Data
Reporting Sheet.

4. Connect the CBL 2 to your calculator. Connect the Tl voltage sensor to Channel 1
(CH1) of the CBL 2.

5. On the calculator, run the DataMate program or app.
DataMate automatically identifies the Tl voltage sensor
and loads a default experiment. (We will change these

CH 1:VOLTAGECYY 0%

MODE: TINE GEAFH-18

T
The Main Screen of DataMate is shown. T:GRAFH GAUIT
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6. Press (1] SETUP to go to the setup screen.

7. Press[4] or [+] on the calculator to move the cursor to

MODE and press [ENTER].

8. Press 3] EVENTS WITH ENTRY.

9. Press [1] OK to return to the Main Screen.

FCH L:VOLTAGEC-10TO+10W
CHz:
CH =:
0IG :
HODE: TIME GKAFH-18

1:0K Z:ZERD
Z:CALIERATE

ZELECTHODE

L:LOGDATAH

Z:TINE GEAFH
HEVENTZHITHENTEY
Y:=INGLE FOINT
C:XELECTEDEVENT=
B:RETURN TO SETUF ZCREEN

CH 1:VOLTAGEC-10TO +10¥
CH &:
CH =:

DIG :
¥ HODE:EVENTZHITHENTERY

1:0K ZZERD
C:CALIERATE

10. Connect the leads of the Tl voltage sensor to the penny and washer before
inserting them into the fruit to be tested. Securely connect the red lead (+) on
the penny (copper) and the black lead (-) on the washer (zinc). You want to see
if the metals will create a charge without the electrolyte. This is a control for the

experiment to see what happens when you do nothing.

Collect the Data
1. Press 2] START to begin data collection.

2. Touch the penny and washer together to take the
control reading. This number should be about 0 V. Press
on the calculator to take the data point and press
(0] when prompted by the calculator.

FREZ5[ENTERITOCOLLECT
ORCETOITO STOF

i Rt

3. Now, insert the penny and washer into fruit number 1. The voltage reading
should change on the calculator screen. Press on the calculator to take the

data point and key in (1] when prompted.

4. Repeat this process until you have collected data for all of your fruit. When the
last data point is collected, press the button on the calculator to end data

collection.

5. The graph of your data is displayed on your calculator screen.
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Analysis

1. Use[d and ] to trace along the graph to the various data points and observe
the collected voltage values. Record these values in the third column of the
table on the Student Data Reporting Sheet.

Sketch the graph on question 3 of the Student Data Reporting Sheet.

3. Answer questions 4 - 8.

Part 2

To see if the “best” battery has any staying power, you will need to collect data on
the battery over a long period of time.

Set up the Experiment
1. Return to Main Screen by pressing while on the graph screen.

2. Press (1] SETUP to go to the Setup Screen.

FCH 1:VOLTAGEC-10TO +10Y
CH z:

CH =:

DIG :

HODE: TIME GRAFH-18

1:0K *ZERD
Z:CALIERATE

3. Press (4] or [+] to move the cursor to MODE, and then ELECTRODE
press [ENTER]. 1:LOGDATR

2 TINEGRAFH
HEVENTSHITHENTRY
Y:EINGLEFOINT
S:FELECTEDEVENT:
B:RETURNTO ZETUF ZCREEN

4. Press[2] TIME GRAPH to go to the Time Graph Settings T —
menu. TINE INTERVAL: A
NUHEEF OF *ANFLE=: 180

EXFERINENT LENGTH: 18

1:0K ADNANCED
:CHANGE TIME SETTINGE

5. Press[2] CHANGE TIME SETTINGS. T
T

EHTEE TIHE
BETWEEHM SAMFLES
IM SECOMDS: 36868
EHTEE HUMEER
OF SAMFLES: 42
6. Enter 300 for TIME BETWEEN SAMPLES and 48 for —
NUMBER OF SAMPLES. TIHE INTERVAL: 00
DataMate updates the Time Graph Settings screen with NUKEER OF SAHFLES: 4B
the new information. As you can see, this experiment will ~ [ESFERIHENTLENGTH: 14400
take 14,400 seconds, or 4 hours. It will collect a voltage LehANGE TIHE SETTINGE
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reading every 5 minutes during the 4-hour period.

7. Press 1] OK to return to the Setup Screen and (1] OK R TR TR
again to return the Main Screen.

HODE: TINE GRAFH=14400

1:ZETUF Y:ANALYZE
2= TART L:TooL:
Z:GRAFH G:QUIT

Collect the Data

1. Put the penny and washer into the “best” battery and attach the voltage leads
to them.

2. You will want to place the experiment setup in a location where it will not be
disturbed for 4 hours, but where it will be accessible if you want to check the
status of the experiment periodically.

3. Press 2] START to begin the experiment. COLLECTINGORTR

. CH 1: 1.zz2189
You can press [ENTER] on your calculator to quit the

program and detach the calculator from the CBL 2. This

will not affect your data collection. You may want to do FRESS [STOITOSTOF.
.. . PREZSLIENTERITOQUITELT
this if you need to use your calculator during the 4-hour CORTINUE COLLECTING.

data collection period.

You can reattach the calculator and restart DataMate to observe the latest data
point collected.

4. After the 4-hour data collection period, reattach the
calculator and restart DataMate. DataMate will tell you

that data collection is done.
DATACOLLECTIONIZDONE.
CHOOZE THE TOOL=OFTION.
THEN CHOO=E RETRIEVEDATH.

CENTEFR]

5. To retrieve the data, press to go to the Main Screen, then press 5] TOOLS
and [2] RETRIEVE DATA. The calculator retrieves the data from the CBL 2 and
plots it on the screen.
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Analysis

1. Sketch the graph on question 9 on the Student Data Reporting Sheet and answer
question 10.

2. To determine the rate at which the battery voltage dropped, we need to
perform a regression on our data. Before we do that, we want to select data
from the first part of the graph, usually about 2 hours (7200 seconds), where the
voltage drop appears linear.

From the graph screen, press to return to the Main Screen.

3. Press[3) GRAPH to go to the graph, and press to go to the Graph Options
screen.

4. Press (2] SELECT REGION and follow the instructions on the screen to select the
linear part of the graph.

Press to see the new graph.

6. From the Graph Menu screen, press (1] to return to the PP p——
Main Screen, and press [4] ANALYZE to go to the Analyze L:-RETURN TO AATH SCREEN

Options menu. S oRDD NODEL
Y:ETRATIZTICE
E:INTEGRAL
7. Press (2] CURVE FIT. CUFVEFLT

L:LINEAR CCH1VE TIMED
2:LINEAR CCHZ VE TIMED
Z:LINEARK CCH = YE TIMED
Y:LINEAR COIST WS TINED
E:LINEARK C(NELOWE TIMED
B:LINEARCCHZWEZCHLY
7:MORE

8. Press[i] LINEAR (CH1 VS TIME) to perform a linear regression on our voltage
data. The calculator displays the linear equation and the corresponding values.

Enter this information on question 11 of your Student Data Reporting Sheet.

9. Answer questions 12-16.
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Student Data Reporting Sheet

1. Fill in the date of the penny
and penny

and the full diameter of the washer

2. Complete the table below using the name of each fruit and the number

assigned to it.

Name of the fruit

Number

Voltage

control

0

3. Sketch the graph of the collected data below.

4. Voltage without the electrolyte (the control, 0):
5. Which item produced the highest voltage?
6. Which item produced the lowest voltage?

7. Asthe experiment progressed, did you see any change in the condition of the

washer or the penny?

8. Which item made the “best” battery? Why do you believe this?
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9. Sketch the graph of the long term data collection below.

10. What appears to be happening to the voltage as time goes on?

11. Enter the regression equation with the constants below.

12. What do the values A and B represent?

13. How much did the voltage drop over the time observed?

14. Based on the regression equation, how long would it take for the voltage to
reach 0?

15. Compare this number to the original data. From the long-term trend of the
original data, does the calculated time for the voltage to reach 0 match? What
does happen to the data?

16. What factors do you think did or could affect the rate at which the voltage
dropped?
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The reason for using pennies minted prior to 1983 is that the U.S. Treasury started

Teacher Information

making the zinc copper-clad pennies that year.

The washers can be any zinc washer from the hardware store.

The 4-hour period used for the long-term example can be changed, although the

time period selected must be long enough to record a change in the voltage of the

battery. A couple of hours should be fine.

The distance between the penny and washer for all of the batteries needs to
remain constant. A change in distance will affect the voltage.

Sample Answers

1. The open voltage or control will usually read close to zero. The reason it may

not is due to the nature of the internal workings of the CBL 2.

2. Table of batteries used for this sample data:

. 0.03

potato (0.99 volts)

3
4
5. lemon (1.05 volts)
6
7

Name of the fruit Number Voltage
control 0 0.03
potato 1 0.99
banana 2 1.01
tomato 3 1.01
orange 4 1.04
lemon 5 1.05
VOLTHGELY) Fi
o
-1 o
nez ¥=1.0058Y

. Yes, they tended to change color. The penny gets shinier and the washer
tarnishes.
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8. The lemon produced the highest voltage. Other factors to consider: least messy
(ease of use), lowest cost, and so forth. You may also want to discuss which
battery is the “best”: the battery with the highest voltage or the battery that
maintains its voltage the longest (a slower rate of change).

WOLTAGECY Fi

INECED
Y=.6xEEEE —

9. [n=iEen

10. the voltage drops
11.y=ax+b, a=-4.2E-5, b=0.7

12. A represents the rate at which the voltage is dropping. The value of B is the y-

intercept. This should be close to the voltage at the beginning of the long-term
experiment.

13..73-.52 = .21 volts
14. 16,667 seconds (4 hours, 38 minutes)

15. No, it does not. The original data taken shown that the voltage had leveled off
at about .5 volts at 1.5 hours and stayed there.

16. The fruit chosen, the electrolyte (juice) of the fruit drying up, the penny and
washer getting “dirty” or tarnished over time

Reference

Data Collection Activities for the Middle Grades with the TI-73, CBL and
CBR: Young and Johnston; Activity 12: You'll Get a Charge Out of This!; Tl
Explorations™ Book.
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Activity 5 — Lights Out!

Math Concepts Science Concepts

¢ Periodic functions + Data collection and analysis

¢ Graphing and interpreting graphs ¢ Period and frequency
Materials

¢ (BL2™

¢ Tl Graphing Calculator

¢ 6-inch unit-to-unit link cable (or any length)

¢ Tl light sensor

+ 1 non-fluorescent light source (regular light bulb))

¢ 1 fluorescent light source

Introduction

A rocking chair moving back and forth, a ringing telephone, and water dripping
from a leaky faucet are all examples of periodic phenomena. They are called
periodic because they can be characterized by rhythmic cycles occurring in regular
time intervals. The time required to observe one complete cycle of the behavior is
called the period. The number of times the cycle occurs per unit of time is known as
the frequency.

In the following activities, you will use the CBL 2 and a light sensor to collect data
for two different types of periodic phenomena. You will then analyze this data
with your calculator to find the period and the frequency of the observed behavior.

Part 1

In this activity, you will point a light sensor towards a light source such as a light
bulb, window or an overhead lamp. To start, the end of the sensor will be covered
by your thumb. When the CBL 2 is activated, you will begin alternately lifting your
thumb from the sensor and re-covering it. Light intensity readings will be collected
by the CBL 2 and then displayed as a graph on the screen of your calculator.
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Set up the Experiment

1. Connect the CBL 2 to your calculator using the unit-to-unit cable. Then connect
the light sensor into Channel 1 (CH1) of the CBL 2.

2. On the calculator, run the DataMate program or app.
DataMate automatically identifies the light sensor and
loads a default experiment. The Main Screen of
DataMate is shown.

CH 1:LIGHT 166

HODE: TIHE GEAFH-9

L:ZETUF Y:ANALYZE
2:5THRT L:TOOLE
2:GRAFH G:QUIT

3. Hold the light sensor inside your fist with the end of the sensor protruding
about %2 inch, as shown in the picture above. The end of the sensor must be
pointed toward a light source while the CBL 2 is sampling.

4. The top right corner of the DataMate Main Screen shows the light intensity
readings from the light sensor as it is covered and uncovered.

Collect the Data
1. Press (2] START to begin data collection using the default experiment.
2. Cover and uncover the sensor in regular time intervals, about once per second.
3. If your data is not satisfactory, press (2] START to perform another trial.

Your data should show intensity levels which start at a large value then
alternate between this value and a value close to zero in a regular pattern. The
time interval between cycles should appear to be relatively constant.

Analysis

If your data is satisfactory, sketch a plot of your data on the axes on the Student
Data Reporting Sheet 1.
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Student Data Reporting Sheet 1

1. Make a sketch of your data. Label the axes.

For the data plot above, what do the plateaus represent? What do the
minimum values represent?

2. Press [« or ] to move the cursor along the plot. The x-values shown at the
bottom of your calculator screen are times and the y-values are intensities. Trace
to the first time value corresponding to zero intensity (or very near zero)
following the initial plateau. Record this time value below, rounding to the
nearest hundredth of a second:

A= seconds

3. Use the arrow keys to move to the first time value corresponding to zero
intensity (or very near zero) following the last complete plateau shown on the
screen. Record this time value below, rounding to the nearest hundredth of a
second:

B= seconds

4. How many cycles were completed between time A and time B? That is, how
many times did you uncover then re-cover the sensor during this time interval?
Record this number below:

C=
(At this point, you can press and then press [6] to quit the program.)

5. The period is the time required to complete one cycle. Subtract A from B and

B-A
then divide by C, ( C ) to find the average time period. Record this value

below, rounding to the nearest hundredth of a second:
Period: seconds

6. While the period represents the number of seconds per cycle, the frequency is
the number of cycles per second. Find the frequency of the cover-uncover
motion by taking the reciprocal of the period value you just found. Record this
value below.

Frequency: cycles per second
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Part 2

For the second part of this experiment, you will point the light sensor at a single
fluorescent light bulb and record its intensity for a very short period of time. The
resulting plot of intensity vs. time is interesting because it shows that fluorescent
lights do not stay on continuously but rather flicker off and on very rapidly in a
periodic way. Since the human eye cannot distinguish between flashes that occur
more than about 50 times a second, the light appears to be on all the time. The
data you collect will be used to determine the period and frequency at which the
bulb flickers.

Set up the experiment

1.
2.
3.

Run the DataMate program or app.
Press (1] SETUP to go to the Setup screen.

Press [4] or [+] to move the cursor to MODE and then press

ENTER].

Make sure the Tl light sensor is connected to CH1 of the CBL 2.

CH 1:TILIGHT
CHz:
CH =:

DIG :
¥ HODE: TIHE GRAFH-9

1:0K *ZEFRD
Z:CALIERKATE

FELECT HODE

1:LOGDATA
2 TINEGRAFH

HEVENTEHITHENTRY
YEINGLEFOINT
C:XELECTEDEVENTZ=
G:RETURN TO ZETUF =CKEEN
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5. Press (2] TIME GRAPH.

6. Press[2) CHANGE TIME SETTINGS to enter new time graph
settings.

7. Enter .0003 for the time between samples and enter 99
for number of samples.

Your Time Graph Settings screen should now be updated
with the new values. As you can see, the experiment
length is very short.

8. Press 1] OK to return to the Setup screen, and press
OK again to return to the Main Screen.

Collect the Data

TIMEGRAFHZETTINGE
TIHE INTERVAL: 0K

NUHEEFR OF SANFLES: 1H0
EXFERIMENTLENGTH: 9

1:0K Z:ADVANCED
C:CHANGE TIHE FETTINGE

ME
SHMFLES
D5: . GEEs

TIMEGRAFHZETTINGE
TIHE INTERYAL: SEN

NUHEEF OF ZAHFLES: 99
EXFERIMENTLENGTH: .0Z87

1:0K ZADYANCED
C:CHANGE TIHE *ETTINGS

CH 1:LIGHT e

HODE: TIHE GRAFH-.0287

1:ZETUF Y:ANALYZE
c:=TART C:TOOL=
=GKEAFH G:QUIT

1. Hold the light sensor close to the fluorescent light bulb, and press (2] START to
begin collecting data. The CBL 2 beeps when it begins collecting data. The data

collection will be finished almost immediately.

2. If your data is not satisfactory, press [2] START to perform another trial.

Your data should resemble a series of uniformly spaced peaks of approximately

the same size.

Analysis

If your data is satisfactory, sketch a plot of your data on the axes on the Student

Data Reporting Sheet 2.
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Student Data Reporting Sheet 2

1. Make a sketch of your data. Label the axes.

From the intensity versus time graph on your calculator, it appears that light
intensity values are rising and falling in a regular pattern. What do the peaks or
maximum values on your data set represent in terms of the flashing bulb? What
do the minimum values represent?

2. To calculate the average period of the bulb's flicker, find the average time
interval between the first and last peaks. (The calculator should now be in Trace
Mode.) Use the arrow keys to move the cursor to the apparent maximum of the
first peak. The x-value at the bottom of the screen represents the time when this
maximum occurred. Record this value below.

A= seconds

3. Next, move the cursor to the maximum of the last peak on the graph. Record
this value below.

B= seconds

4. From the first peak, count the number of peaks to the last one. Record that
value below.

C= peaks

(At this point, you can press and then press [6] to quit the program.)

B-A
5. Subtract A from B and then divide by C, ( C ) to find the average time period.

Record this value below.

Period: seconds
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6. The period value found in question 5 represents the time required for one
complete on-off cycle; that is, the seconds per cycle. Find the frequency (cycles
per second) by taking the reciprocal of the period.

Frequency: cycles per second

7. In the United States, electric utilities use a current whose frequency is 60 cycles
per second. Is this consistent with your findings from this activity?

Hint: The so-called alternating current used in households actually switches polarity two
times per cycle.

8. If the light source really is turning off every half-cycle, why isn't the minimum y-
value on your intensity vs. time plot equal to zero?
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Teacher Section

For best results, use a bright light source for Part 1 of the activity. The actual acts of
covering and uncovering the light sensor should be done by moving the thumb very
quickly. The time between these events is not so important, provided that it
remains relatively constant from cycle to cycle.

For Part 2 of the activity, use a single fluorescent bulb, if possible. If more than one
bulb is used, undesirable interference patterns may show up on the plot of intensity
versus time.

Answers

Part 1: Answers based on our 5ample data.

1. The plateaus represent instances when the sensor is uncovered; minimums
represent instances when it is covered.

LIGHT Fi

5 TIHECZ)
n=1.0k '|'=.12'-IEEEL

A= 1.05 seconds
B= 7.9 seconds
There were 6 cycles completed.

The period is 1.14 seconds.

o Vv & W N

The frequency is .88 cycles per second.
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Part 2: Answers based on our sample data.

1. Peaks correspond to times when the bulb is fully illuminated; minimums
correspond to times when the bulb is momentarily off.

LIGHT Fi

TINECED
n=n. . M= BEEYNE .

A= .003 seconds
.045 seconds

vs)
Il

C= 5 peaks
Period is .0084 seconds

Frequency is 119.05 cycles per second

N o v A~ WwWDN

Since the polarity switches twice per cycle, we would expect to observe a
frequency of 120 cycles per second. This is very close to the calculated value,
119.05 cycles per second.

8. The minimum y-value is non-zero due to the presence of background light.

Reference

Real-World Math with the CBL System: Activities for the TI-83 and TI-83
Plus: Brueningsen, Bower, Antinone and Brueningsen-Kerner; Activity 15: Lights
Out; Tl Explorations Book.
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Activity 6 — Night and Day

Math Concepts Science Concepts
+ Data to graph to model visualization ¢ Measurement
¢ Number sense to determine length of ¢ Experience with sensors of different types, and
experiment the units that relate to the measured values (such

as temperature in Celsius and Fahrenheit)

¢ Experimental design and technique
¢  Scientific method
¢ Thermodynamics
+  Environmental science and the analysis of
ecosystems
Materials
¢ (BL2™
¢ Tl Graphing Calculator
¢ 6-inch unit-to-unit link cable (or any length)
¢ Stainless steel temperature sensor and Tl light sensor
¢ Power supply such as the TI-9920 AC adapter, or Vernier's CBL-EPA External Power adapter with a

power source such as a 6-volt battery (Optional)
¢ TI-GRAPH LINK™ with cable (Optional)

Note: The voltage sensor might be used with a solar cell or in a circuit that measures
conductivity as it relates to changes in climate (the conductivity of a banana battery as
the room heats or cools). Other sensors are designed for weather data such as
Barometric Pressure and Relative Humidity. Check out the Tl web page for a listing of all
sensors available for the CBL 2 at http://www.ti.com/calc/docs/cblsensor.htm. Use the
T1-9920 AC adapter to supply power for the CBL 2 for long term data collection, or to
power a particular sensor use, Vernier's External Power Adapter CBL-EPA.

Introduction

In this investigation, we will set up a simple weather station to collect data over the
period of a day from two sensors to help us better understand patterns in the
weather.

Before We Start

1. With your lab partner or in a small group, discuss why we want to collect
weather data over the period of a day. On a separate piece of paper, write
down the group’s thoughts.

2. In your group, make a hypothesis as to what will happen to the temperature
and the intensity of light during the experiment. Write down your hypothesis.
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Set-up

We need to carefully control the variables in the experiment. Watch for light from a
street light or heat from a vent that would change the data. If the equipment is
placed in an external remote location, protecting the unit from moisture by placing
it in a bag might be important, and securing it from theft needs to be considered.

Set up the Sensors

1. Connect the stainless steel temperature sensor and the Tl light sensor to
Channel 1 and Channel 2 of the CBL 2, respectively. Connect the CBL 2 to the
calculator.

2. On the calculator, run thg Dat.a!\/late program or app. THITTERFID =
The CBL 2 automatically identifies the temperature and CH Z:LIGHT HEL
light sensors. The DataMate program also loads a default
experiment, but we will change these settings.

1:ZETUF Y4:ANALYZE

2:XTART L:TOOLE
Z:aRAFH G:AUIT

MODE: TIME GRAFH-187Q

Change the Mode

Now we need to select an appropriate data collection MODE for the experiment.
This is an essential part of the experiment design. What makes sense for our
experiment? Do we want to collect a data point every second for 24 hours? Should
we collect 1,000 data points? What are we trying to accomplish with our
experiment?

+ The calculator has limited memory, so we do not want to collect more data
points than the calculator can handle. On some Tl calculators, a selection of
more than 180 points may cause some problems with the analysis. Some good
“rules of thumb™”:

- When using 1 sensor, collect 180 points of data or less.
- When using 2 sensors, collect 90 points per channel or less.
- When using 3 sensors, collect 60 points per channel or less.

+ Additionally, the type of sensor needs to be considered. Collecting data at the
rate of 50,000 data points a second (one reading each 0.00002 seconds) would
be inappropriate for many sensors, as well as being too fast for an examination
of the temperature change as a cold front moves through the area.

For this investigation, we want to collect data every 16 minutes for 90 samples.

1. After DataMate auto-ID’s the sensors, press (1] SETUP to TR L ETRINLEZE TERFID)

enter the Setup screen. CH 2:TILIGHT

0IG :
HODE: TIHE GRAFH-180

1:0K *ZEFRD
Z:CALIERKATE
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2. Press (4] or [+] to move the cursor to MODE and press
ENTER].

3. Choose 2] TIME GRAPH.

4. We want to change the experiment’s time settings, so
press (2] CHANGE TIME SETTINGS.

5. We need to give the appropriate information for the
timing of the experiment. We will be collecting data
every 16 minutes (960 seconds) for 90 samples.

Key in 960 for TIME BETWEEN SAMPLES IN SECONDS and
key in 90 for NUMBER OF SAMPLES.

Note: we can change the time settings again if we miscued on the
last attempt. It is important that careful consideration be given to
the experiment time settings.

6. We are now ready to start our experiment. Press (1] OK to
return to the Setup screen.

7. Press[1] OK to return to the DataMate Main Screen.

ZELECT HODE

1:LO0GDATA

:TINE GRAFH
EVERTZHITHENTRY
Y:EINGLEFOINT
E:XELECTEDEVENRT=
B:RETURNTOSETUF SCREEN

TIHEGRAFH ZETTING=
TIHNEINTERYAL: 2

NUKEEF OF ZANFLES: 90

EXFERINENT LENGTH: 180

1:0K Z:ADVYANCED
2:CHANGE TINE ZETTINGE

T TIME
T H SHMPLES
OHOS: 958
HUMEER
MPLES: 260

EMHTE
BETWEE
IM SEC
EHTE
oF =S

A mmAa

TIHE GREAFH ZETTINGE
TIHNEINTERYAL: 1]

NUNMEEFR OF ANFLEZ:: 90
EXFERINENT LENGTH: BEYOO

1:0K Z:ADVYANCED
2:CHANGE TINE ZETTINGE

B CH 1:ZTAINLESS TEMFIC)
CH Z:TILIGHT
CH =:
DIG :
HODE: TINE GRAFH-BE4O0

1:0K *:2ERD
Z:CALIERATE
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Collect the Data

1. Move the CBL 2 and calculator to the location where the T LITERFID
experiment will occur. CH 2:LIGHT

HODE: TINE GEAFH-BE4O0

L:ZETUF Y:ANALYZE
2:5THRT L:TOOLE
2:GRAFH G:QUIT

2. On the Main screen, press (2] START.

COLLECTINGDATA
. . CH1: c2.071Y
The green light on the CBL 2 blinks and a tone sounds CH z: .01ig4as
indicating that the CBL 2 is collecting data.
We want to disconnect the calculator, but still continue ::Eiii;?;:?.}:ﬁn EUT
CONTINUE COLLECTING.

to collect data.

3. Press to QUIT BUT CONTINUE COLLECTING.

4. Disconnect the calculator from the CBL 2. We are now collecting data.

Note: When the experiment is active, the green LED on the CBL 2 flashes as data is being
collected. After 24 hours the data collection will be completed.

Retrieve the Data

Once the experiment is complete, follow these instructions to get the data from the
CBL 2 into the calculator.

1. Connect the calculator to the CBL 2.
2. Run the DataMate program or app.

3. On the DataMate Main Screen, press [5] TOOLS. —
1:XTORELATESTELN
Z:RETRIEVEDATA
ZCHECHERTTERY
Y:RETURN TOHAIN *CREEN

4. Press 2) RETRIEVE DATA. —

o . o CHz-LIGHT
When the data is in your calculator, options for viewing CHZ ¥ CHL

graphs of the data are shown.

L:HAINFCREEN  :REXCALE
2:MORE

5. To view the graph with Temperature as the y-axis, and Time as the x-axis, press
(+] or [+] to move the cursor to CH1-TEMP(C), and press [ENTER].

6. View the graph for Light Intensity vs. Time (CH2).

82 GETTING STARTED WITH CBL 2 © 2000 TEXAS INSTRUMENTS INCORPORATED



Analysis

From the data, both graphical and numerical, we need to explore the patterns.

1. For the event, did our hypothesis hold?

2. What does the data show about changes in the weather over the time of the
experiment?

What would or could we do to help better explain the phenomena?

4. Did we determine another relationship to be explored?

Going Further

Repeat the experiment during different weather patterns. Collect data as a cold
front or warm front passes your location.

Use different sensors, such as relative humidity and barometric pressure, to explore
other more complex aspects of the weather.

Surf the Internet to find temperature data for your location. Does your data match
the data on the Web?
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Student Data Reporting Sheet

1. Make a sketch of the setup of the apparatus, including the specific location and
orientation of each sensor in relationship to the "weather" factors. Make sure
you label these factors (sun, wind, heating or cooling vents, etc.)

2. State the type and units used for each sensor in the table below:

Channel

Sensor

Units

1

2

3

DIG/SONIC

3. Calculate the length of the experiment in the most appropriate units.

Rate of data collection (seconds per point):

Number of data points:

Length of experiment:
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4. Make a sketch of your Time v. Temperature and your Time v. Light Intensity
graphs. Make sure you label each graph. Are there any other graphs that might
be informative?

5. Now that you have seen one set of data, how would you modify the experiment
to better understand the relationship(s) that you are exploring? Address the
need for additional, or different sensors, changes in the times used for data
collections and location and/or environment of the experimental setup.

6. Using your answers from questions 1-5, write a lab report about your
experiment. Tell a story about the data you collected. What happened in the
experiment to produce the data you collected? Explain any anomalies in your
data.
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Teacher Section

Theory

Experimental design is the critical part of this investigation of climatic-type data.
Controlling the variables and selecting a time and rate of collection that is
appropriate for the event and the tolerances of the sensor is critical. Events such as
a front moving through the area, differences between day and night (radiation
cooling, and so forth), monitoring seasons by collecting data throughout the year,
and various storms (including hurricanes and tornadoes) are some ideas for data

collection.

Sample data from the experiment might look like this:

Time (s) Temp (°C) | Light Intensity
960 23.8333 0.7882
2880 23.6429 0.718241
7680 23.7381 0.523911
14400 22.6136 0.196464
18240 21.5 0.01185

24960 20.093 0.00602
38400 18.5714 0.00602
44160 18.1905 0.00602
60480 17.8095 0.00602
62400 18 0.008935
68160 18.7619 0.078894
72960 20.186 0.452008
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Answers

1. The sketch should show the location and orientation of each sensor and all the
"sources" of possible changes in the measure of the items detected by the
sensor. A photograph might be useful that then could be placed on your web
page.

2. The table would look like this for the set up used above:

Channel Sensor Units
1 Temperature degrees C
2 Light Intensity No units (relative)
3 Not used

DIG/SONIC Not used

3. In this set up we have:
Rate of data collection (seconds per point): 960 seconds/point
Number of data points: 90 points
Length of experiment: 24 hrs

4. The sketches could have Time as the x-axis, but greater insight might come from
the relationship between the data from the two sensors (like temperature
versus light intensity). In addition, using two y-variables as a function of time
might be an informative graph (temperature versus light intensity). Make sure
units are included in the labeling.

5. Answers will vary depending on the experiment. Two things to watch for are
the need to modify the time settings based on the fact that they may get more
information with the new settings, and the second would be the exclusion or
inclusion of sensors trying to focus the hypothesis to one or two variables.

6. Answers will vary.
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Going Further

You may, of course, use any sensors you like for this weather station experiment
(for example, barometer, relative humidity, and so forth). Some sensors may call for
calibration. Select the options for this from the Setup screen as your cursor points to
the channel where you connected the sensor.

If you are using Tl-InterActive!™ or TI-GRAPH LINK™ computer software, your
students can include graphs and data from their experiment in their lab reports.
Also, if you are using Tl-InterActive! your students can include local temperature
data downloaded from the Internet. For more information about Tl InterActive!,
visit

http://www.ti.com/calc/docs/interactive/index.html

References

Data Collection Activities for the Middle Grades with the TI-73, CBL and
CBR: Johnston and Young; Activity 5: Light and Day; Tl Explorations™ Book.

Real-World Math with the CBL System: Activities Using the TI-83 and TI-83
Plus: Brueningsen, Bower, Antinone, and Brueningsen-Kerner; Activity 21: And
Now, the Weather...; Tl Explorations Book.
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Appendix A: General Information

Battery and Adapter Information

Operating Power Requirements

The CBL 2 is designed to operate with four AA (LR6) alkaline batteries.

Factors that affect battery life are the actual time that the CBL 2 is collecting data
and the amount of current used by connected probes during your experiments. To
extend battery life in the classroom we recommend that you use an approved
power adapter.

For long-term experiments out of the classroom, you can connect an external 6-Volt
lantern battery to the CBL 2. (See Connecting an External 6-Volt Battery on page A-2.)

When to Rep/ace Batteries

The batteries should be replaced when the low-battery icon
is displayed in the lower right corner of the calculator while
running the DataMate program.

CH 1:TEHFLC)

HODE:EVENTZHITHENTRY

In addition, you can check the batteries at any time by choosing  [tzeTur wanaLvzE

25 TRRT L:TooL:

option [3) CHECK BATTERY on the DataMate Tools screen. GRAFH  GQUIT

Note: Save any collected data before removing batteries. All collected data is lost if the
batteries are removed. (CBL 2 FLASH memory is not affected.)

Recommended Batteries

¢

L4

Four 1.5-Volt size AA (LR6) alkaline batteries.

One 6-Volt lantern type. Recommended for long-term experiments performed
outside the classroom that draw large amounts of current (for example, when
using a motion detector). See Connecting an External 6-Volt Battery on page
A-2 for instructions.

Battery Precautions

Take these precautions when replacing batteries:

L4

¢

Do not leave batteries within the reach of children.

Do not mix new and used batteries. Do not mix brands (or types within brands)
of batteries.

Do not mix rechargeable and non-rechargeable batteries.
Install batteries according to polarity (+ and -) diagrams.

Do not place non-rechargeable batteries in a battery recharger.
Properly dispose of used batteries immediately.

Do not incinerate or dismantle batteries.
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Installing the AA (LR6) Batteries

Follow these steps to replace the batteries:

1. Holding the CBL 2 upright, push the latch on the battery cover down with your
finger and pull the cover out.

2. Replace all four AA (LR6) alkaline batteries. Be sure to position them according
to the polarity (+ and -) diagram inside the battery compartment.

3. Replace the cover.

Connecting an Optional AC Adapter

1. Connect one end of an approved adapter to the external power input
connection located on the bottom left side of the CBL 2.

2. Plug the other end of the adapter into an electrical wall outlet.

Approved AC Power Adapters

The CBL 2 is designed to accept voltage input from an external AC-to-DC power
adapter that provides a regulated 6 Volts DC output when plugged into an
electrical wall outlet.

The Texas Instruments model AC-9920 power supply is an AC-to-DC power adapter
approved for use with the CBL 2. The model AC-9201 power supply can also be used
with CBL 2. Use of other power adapters may result in RF interference and/or
unacceptable performance.

To order an adapter, call Customer Support at:

1-800-TI-CARES (1-800-842-2737).

Building an External Battery Adapter Cable

To build an external battery adapter cable, you will need a connector, 16-gauge
wire (about 6 feet), and two alligator clips.

Note: At the time of this printing, the Radio Shack™ Coaxial DC Power Plug #274-1569
(5.5mm O.D., 2.1mm I.D.) or equivalent is an acceptable connector.

1. Identify one 3-foot length of the wire as black (ground) and solder it to the
insulated pin of the connector.

2. Identify the other 3-foot length of wire as red and solder it to the outside of the
connector.

3. Connect an alligator clip to the open end of each wire.

A-2
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Connecting an External 6-Volt Battery

1. Connect one end of the external battery adapter to the external power input
connection located on the right bottom edge of the CBL 2.

2. Connect the red lead to the positive (+) terminal of the battery. Connect the
black lead to the negative (-) terminal of the battery.

Error Messages

DataMate Messages

The messages shown below may occur when using the DataMate program.

Message Name Cause
CONTINUE WITH CLB 2 is not connected to the calculator. Connect the two
1: INTERFACE and press [1] INTERFACE; press (2] NO INTERFACE to continue
2: NO INTERFACE without the CBL 2; press (3] to quit.
3: QUIT
*** LINK ERROR*** | The calculator cannot communicate with the CBL 2. Check
MAKE SURE THE these things:
LINK CONNECTORS . .
ARE EIRMLY . 'il'nhe CBL 2 has good batteries or an AC adapter is plugged
PUSHED IN. )
[ENTER] |° The link cable is properly connected.
Press to continue.
CONTINUE? Too much time has passed on a screen without activity. Press
; EE)S YES to continue the program; press [2] NO to quit.
CBL 2 Error Messages

Error messages that may occur when using CBL 2 without the DataMate program
are listed in the table below. To retrieve an error message, use Command 7 listed in
Appendix B.

In almost all cases, an error result will cause the unit to sound the “low tone” two
or more times and illuminate the red LED two or more times. When this happens,
send the request for status message and then observe the “error” parameter of the
list returned. The “error” parameter will be one of the values in the table that
begins on the next page.
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Error
Number

Error Cause

This is normal. No corrective action is needed.

Invalid FASTMODE. An attempt to select fast sampling mode was
made. When in FASTMODE, only a single analog channel can be active.

This error number also displays if the FASTMODE selection is a value
other than 0 or 1.

FASTMODE ABORT. During FASTMODE, an attempt to communicate
with the CBL 2 was made while it was waiting for a trigger. As a
result, sampling was aborted.

The list being sent contains a number that is too large to be
represented internally. This can only happen when the list being sent
contains an error.

The list being sent contains a non-integer number where only
integers are allowed. For example, command numbers must be
integers and a command of 3.5 will produce this error.

The list being sent contained too many numbers for proper
conversion. In general, no more than 32 numbers can be sent for
some commands and no more than 44 numbers for other commands.

The command number sent (first number of the list) did not specify a
valid command.

12

The channel selected for setup did not exist. Channel numbers must
be 1-3, 11, 21, 31.

13

The operation selected for the channel being set up is invalid. For
example, sonic channels cannot be setup for a voltage probe.

14

An invalid value was selected for the post processing parameter. This
must be a number from 0 to 2.

16

An invalid equation on/off parameter was found. The equation on/off
parameter must be aOor a 1.

17

An invalid Frequency/Period selection parameter was found. This
error usually occurs when a second channel is selected for a
measurement during Frequency/Period measurements.

18

Multiple channels are not allowed to be selected at the same time for
the Digital/Sonic inputs. This error usually means that the sonic port
and a corresponding digital port have been selected.

22

Command 2 contains invalid data.

30

The filter type must be between 0 and 6 for NON-REALTIME data
collection mode and 0, 7, 8, or 9 for REALTIME data collection mode.
This error results from a filter selection outside of this range.

31

Command 3 was sent prior to performing any channel setups.
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Error
Number | Error Cause

32 Sample time must be greater than 0 and less than 16000 seconds. The
value is normally rounded to the nearest 100 psec, but can be
rounded to the nearest 50 psec in FASTMODE. If the selected channels
cannot support the rate selected, a slower sample rate will be used.

33 The number of samples must be -1 for REALTIME sampling and
between 1 and 12,000 for NON-REALTIME sampling. 0 is not allowed
except for a special case of REALTIME sampling with manual entry.

34 Trigger type must be an integer between 0 and 6. Any other value
will produce this error.

35 The trigger channel must be a valid channel number (e.g., 1-3 or 11)
and must be have been enabled using the channel select command.

36 The trigger threshold must be a value between the maximum and
minimum legal values for the sensor selected. For example, for the +/-
10V probe, legal values are from =10V to +10V.

37 The prestore value must be an integer between 0 and 100%. Any
other values will produce this error message.

38 The external clock parameter is limited to values of 0 or 1. Any other
value will produce this error.

39 The record time parameter is limited to values between 0 and 2. Any
other values will produce this error message.

40 This error will occur when too few parameters are sent in the list. For
example, when setting up an equation with 5 constants, if only 4 are
sent, this error will result.

42 The equation channel number must be a 0 to reset equation, or a 1-3
for the analog channels or 11 for the sonic channel. Equation
numbers outside of this range will produce this error.

43 The equation number must be in the range of -1 to 12 for analog
channels and either 0 or 13 for the sonic channel. Equation numbers
outside of this range will produce this error.

44 The order of the equation must be appropriate for the equation type
selected. For example, an equation order of 5 is not valid for the
mixed polynomial equation.

45 This error occurred because equations were enabled when sending
Command 1, but the equation was never sent using Command 4.

49 Invalid units were selected for temperature when sending the
temperature for the sonic to use. Valid values are from 0 to 4.

52 A channel was selected that is not a valid channel. The channel
numbers are 1-3, 11, 21, and 31.

53 A data group was selected that is not valid. Valid values are from 0 to 5.

54 The beginning-of-data selector must be 0 (for start of data) or 1
through the number of points collected. A number outside of this
range will produce this error message.
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Error
Number

Error Cause

55

The end-of-data selector must be 0 (for end of data) or 1 through the
number of points collected. A number outside of this range will
produce this error message. In addition, the end of the data must not
be before the beginning of the data.

59

Digital probe has failed to read or write as commanded by the host.

61

An attempt has been made to collect more data than can be stored in
one data collection. This unit has 24K of memory dedicated to data
storage, allowing up to 12K samples to be stored. (for example, 3072
samples per channel for 4 channels.) If more than this is attempted,
an error will result.

62

This error results when an attempt to return data is made and the
data has not been collected.

63

This error results when sending Command 6 and an invalid second
parameter.

76

This error results when sending Command 10 for a channel that does
not have data stored.

77

This error results when sending a Command 10 and selecting an
algorithm that has not been defined.

78

This error results when advanced algorithm is selected and the input
parameters for it are not correct.

80

This error indicates that the battery voltage is too low to safely write
to FLASH memory and an attempt has been made to write to FLASH
memory. The batteries should be replaced immediately for the unit to
continue to perform properly.

81

This error indicates that an attempt to write to the FLASH memory
failed and that the FLASH memory did not retain the value written.
This problem can occur under several circumstances including the
batteries becoming low after a FLASH write has been started (or
removing the AC9920 adapter during FLASH writes). If the problem
occurs often, this could indicate a hardware failure.

82

This error indicates an attempt was made to change the contents of
FLASH memory without properly enabling FLASH writes.

83

This error indicates that the FLASH memory directory is full and an
attempt to write to the FLASH memory occurred. If this occurs, delete
some items from FLASH memory and repeat.

84

This error indicates an attempt was made to access an item in the
FLASH memory that does not exist.

85

This error indicates that an attempt was made to access an item that is
in the FLASH memory, but hasn’t been properly opened for access.

86

This error indicates that the archive data type is not one of the data
formats supported. This error can result from trying to archive a
dataset that has not been properly stored.

A
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Error
Number | Error Cause

87 The data to be archived must be NON-REALTIME data. REALTIME data
cannot be archived. This error results when trying to archive
REALTIME data.

88 This error results when an attempt is made to archive data during
sampling. Archive operations must occur only when the unit is idle.

97 This error indicates an attempt to use a channel that does not exist on
CBL 2 (for example, channel 42).

98 This error indicates an undefined error has occurred.

99 This error indicates that the current load on the analog or digital

ports is more than can be supplied by the unit and the power has
been turned off to prevent damage. Do not attempt to restart
sampling until the problem has been corrected.

5uppor'l; and Service Information

Product Support

Customers in the U.S., Canada, Puerto Rico, and the Virgin Islands
For general questions, contact Texas Instruments Customer Support:

phone: 1-800-TI-CARES (1-800-842-2737)
e-mail: ti-cares@ti.com

For technical questions, call the Programming Assistance Group of Customer Support:

phone: 1-972-917-8324

Customers outside the U.S., Canada, Puerto Rico, and the Virgin Islands
Contact Tl by e-mail or visit the Tl calculator home page on the World Wide Web.
e-mail: ti-cares@ti.com

Internet: www.ti.com/calc/cbl2

Product Service

Customers in the U.S. and Canada Only

Always contact Texas Instruments Customer Support before returning a product for
service.

Customers outside the U.S. and Canada

Refer to the leaflet enclosed with this product or contact your local Texas Instruments
retailer/distributor.

Other Tl Products and Services

Visit the Tl calculator home page on the World Wide Web:  www.ti.com/calc
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Warranty Information

Customers in the U.S. and Canada Only

One-Year Limited Warranty for Electronic Product

This Texas Instruments (“TI") electronic product warranty extends only to the original purchaser and user of
the product.

Warranty Duration. This Tl electronic product is warranted to the original purchaser for a period of one (1)
year from the original purchase date.

Warranty Coverage. This Tl electronic product is warranted against defective materials and construction.
THIS WARRANTY IS VOID IF THE PRODUCT HAS BEEN DAMAGED BY ACCIDENT OR UNREASONABLE USE,
NEGLECT, IMPROPER SERVICE, OR OTHER CAUSES NOT ARISING OUT OF DEFECTS IN MATERIALS OR
CONSTRUCTION.

Warranty Disclaimers. ANY IMPLIED WARRANTIES ARISING OUT OF THIS SALE, INCLUDING BUT NOT
LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE,
ARE LIMITED IN DURATION TO THE ABOVE ONE-YEAR PERIOD. TEXAS INSTRUMENTS SHALL NOT BE LIABLE
FOR LOSS OF USE OF THE PRODUCT OR OTHER INCIDENTAL OR CONSEQUENTIAL COSTS, EXPENSES, OR
DAMAGES INCURRED BY THE CONSUMER OR ANY OTHER USER.

Some states/provinces do not allow the exclusion or limitation of implied warranties or consequential
damages, so the above limitations or exclusions may not apply to you.

Legal Remedies. This warranty gives you specific legal rights, and you may also have other rights that vary
from state to state or province to province.

Warranty Performance. During the above one (1) year warranty period, your defective product will be either
repaired or replaced with a reconditioned model of an equivalent quality (at TI's option) when the product is
returned, postage prepaid, to Texas Instruments Service Facility. The warranty of the repaired or replacement
unit will continue for the warranty of the original unit or six (6) months, whichever is longer. Other than the
postage requirement, no charge will be made for such repair and/or replacement. Tl strongly recommends that
you insure the product for value prior to mailing.

Software. Software is licensed, not sold. Tl and its licensors do not warrant that the software will be free from
errors or meet your specific requirements. All software is provided “AS 1S.”

Copyright. The software and any documentation supplied with this product are protected by copyright.

All Customers Outside the U.S. and Canada

For information about the length and terms of the warranty, refer to your package and/or to the warranty
statement enclosed with this product, or contact your local Texas Instruments retailer/distributor.
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Appendix B: Command Tables

The tables in this section provide a quick reference to CBL 2 commands. Please
consult the Technical Reference document on the Resource CD or the Tl web site for
detailed explanations and additional information on the commands. Default values
are shown in boldface type.

{1.1-3,0peration,post-processing, (delta),equ}

Command 0 Clears and resets system {0}
Clears data memory back to power-up state. Clears error information; does not clear FLASH
memory.
Command 1 Channel Setup
{1,0} Clears all channels
{1,channel,0} Clears the selected channel
channel
1 Analog Channel 1
2 Analog Channel 2
3 Analog Channel 3
11 Sonic Channel
21 Digital Input Channel
31 Digital Output Channel

Analog channel setup

operation
0 Turns channel off
1 Runs auto-ID sequence for this channel
2 Tl Voltage sensor Reads data from the £10V input
3 Current sensor Reads data from the +10V input but scales
data in Amps when using a current sensor
4 Resistance sensor Reads resistance on selected analog
channel when using a resistance sensor
5 Period measurement Measures period of input data, CH 1 only
6 Frequency measurement Measures frequency of input data, CH 1 only
7 Radiation count mode Measures counts from radiation monitor,
CH 1 only
10 Stainless steel temperature Measures temperature, values in
sensor and Tl temperature Centigrade
sensor
11 Stainless steel temperature Measures temperature, values in
sensor and Tl temperature Fahrenheit
sensor

GETTING STARTEDWITHCBL 2  B-1



12 Tl light sensor

14 Voltage measurement

post-processing

0 None
1 d/dt
2 d/dt and d%/dt?

*RT = REALTIME
**NON-RT = NON-REALTIME

(delta)

equ
0 Off
1 On

{1,11,0peration,post,(delta),equ}

operation

0

1 Scales distance in meters

2 Scales distance in meters
Scales distance in feet

4 Scales distance in meters

5 Scales distance in feet

6 Scales distance in meters

7 Scales distance in feet

*RT = REALTIME
**NON-RT = NON-REALTIME

post-processing

0 None
1 d/dt
2 d/dt and d%/dt?

Measures relative light intensity

Measures voltage on 0-5V input of
selected channel

Results

Performs no post processing (RT* and
NON-RT**)

Calculates and returns 1* derivative of
data (NON-RT)

Calculates and returns 1* and 2™
derivatives (NON-RT)

This parameter is ignored.

Results
Returns data without converting

Applies conversion equation to data
(must also send Command 4)

Sonic channel setup

Results
Resets channel

Returns distance and Atime (RT* and
NON-RT**)

Returns distance and Atime (RT and NON-RT)
Returns distance and Atime (RT and NON-RT)

Returns distance, velocity, and Atime (RT)
or distance (NON-RT)

Returns distance, velocity, and Atime (RT)
or distance (NON-RT)

Returns distance, velocity, and Atime (RT)
or distance (NON-RT)

Returns distance, velocity, and Atime (RT)
or distance (NON-RT)

Results
Performs no post processing (RT and NON-RT)

Calculates and returns 1* derivative of
data (NON-RT)

Calculates and returns 1" and 2™
derivatives (NON-RT)
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(delta) This parameter is ignored.

equ Results
0 Off Returns data without converting
1 On Commands use of temperature input from

user when making speed of sound
calculations (must also send Command 4
to input the temperature)

When programming channel 21 (Digital In), use the syntax shown below:

{1.21,0peration}
operation
0 Off
1 On

When programming channel 31 (Digital Out), use the syntax shown below:

{1.31,0peration,list of values}

operation
0 Clears the channel until reprogrammed
1-32 Count: number of data elements in list
list of values Lists values output to digital output
channel

Note: must have one element in the list of values for each count.

Command 2 Data Type
This command is not used and should not be sent. However, it is included for
compatibility with older CBL programs.

Command 3 Trigger Setup

{3,-1} Repeats last Command 3 (used to
quickly collect new data)

{3.samptime, numpoints, trigtype, trigchan, trigthresh, prestore,
(extclock), rectime, filter, fastmode}

samptime Results
>0 to <16000 Specifies number of seconds between
samples
numpoints Results
-1 Specifies REALTIME mode
0 Invalid Returns error message
1 to 12,000 Specifies NON-REALTIME mode and the

number of points to collect
0.5 default
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trigtype
0

1
2
3
4
5
6

trigchan
o
1

2
3
11

trigthresh

Immediate trigger
Manual trigger

Rising edge/rising edge
Falling edge/falling edge
Rising edge/falling edge
Falling edge/rising edge

Single sample

Hardware or software

Results

Takes data immediately after GET command
Takes data when START/STOP is pressed
Takes data after input crosses threshold voltage
Takes data after input crosses threshold voltage
Takes data after input crosses threshold voltage
Takes data after input crosses threshold voltage

Takes one data point each time
START/STOP is pressed

Results
Disables the trigger

Triggers on channel 1; channel must be active

(hardware trigger only for Command 1 operation 5, 6, 7; software

Software only
Software only

Software only

- channel limit to + channel limit

trigger for all others)
Triggers on channel 2; channel must be active
Triggers on channel 3; channel must be active

Triggers on channel 11; channel must be
active

Results

Begins taking data when signal crosses
threshold in trigtype direction

[channel limit is determined by the sensor that is attached to the channel]

1V
prestore
0% to 100%
(extclock)
rectime
0

1
2

default

None

Absolute

Relative

Results

Retains this much data from before triggering
This parameter is ignored

Results

Does not record time during sampling
Records absolute time

Records relative time

Note: This default is different from the original CBL. Default on original CBL was 0.

filter
0

A W N

No filtering

Results

Disables the filtering process (RT* and
NON-RT**)

Uses Savitzsky-Golay 5 point filter (NON-RT)
Uses Savitzsky-Golay 9 point filter (NON-RT)
Uses Savitzsky-Golay 17 point filter (NON-RT)
Uses Savitzsky-Golay 29 point filter (NON-RT)
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5 Uses Median Pruning 3 point filter (NON-RT)
6 Uses Median Pruning 5 point filter (NON-RT)
7 Uses Light Realtime tracking filter (RT)

8 Uses Medium Realtime tracking filter (RT)
9 Uses Heavy Realtime tracking filter (RT)

*RT = REALTIME
**NON-RT = NON-REALTIME

fastmode Results
0 OFF Operates in normal mode
1 ON Operates in FAST sampling mode

Note: In FASTMODE, only one channel can be active, and it must be an analog channel.
Sampling can be as fast as 20us/sample in this mode. FASTMODE is operational only for
sample rates from 20usec sample/second to 200usec samples/second.

Command 4 Conversion Equation Setup {4, channel, equtype, equord,
(Analog Channels Only) const(s)}
channel Results
0 Clears the equations for all channels
1 Sets the equation for input channel 1
2 Sets the equation for input channel 2
3 Sets the equation for input channel 3
equtype Results
-1 Unary equation - returns raw data for the
channel
0 Clears the equation for the selected channel
Polynomial Ko + KX + K;)X2 + ... + K X" (order: n=1-9)
No restrictions other than overflow
2 Mixed Polynomial KonX™ 4+ o+ KX+ K+ K X+ L+ KX
order: m=0-4, n=0-4, m+n>0) X0
3 Power KX KD x>0
4 Modified Power KoK, X (K,>0)
5 Logarithmic Ko + K4In(X) (X>0)
6 Modified Logarithmic Ko + K4In(1/X) (X>0)
7 Exponential Ko, €% No restrictions other than overflow
8 Modified Exponential Ko e®1X) (X=0)
9 Geometric KX K1X) (X=0)
10 Modified Geometric KX K1) (X>0)
11 Reciprocal Logarithmic [Ko + KqIn(K5:X)]! (K,X>0)
12 Steinhart-Hart Model [Ko + K4 (In 1000X) + K,(In 1000X)3]"" (X>0)

GETTING STARTEDWITHCBL 2  B-5



equord and constant(s)

Results

Used with equtype = 1 or 2. Sets the equation order and constants used to fully define the

equation data.

Command 4 Conversion Equation Setup
(Sonic Channel Only)
channel
4
11
equtype
o
13 N/A
units
0 ° Celsius
1 ° Fahrenheit
2 ° Celsius
3 Kelvin
4 Rankin
Command 5 Data Control
channel
-1
o
1
2
3
11
21
dataselect
o
1 d/dt
2 d?/dt?
3
4 d/dt
5 d?/dt?

{4, channel, equtype, units}

Results

Sets the equation for sonic 1 if equtype=13
Sets the equation for sonic 1

Results

Clears the equation for the selected channel
Sets temperature compensation for sonic
Results

Temperature in degrees Celsius
Temperature in degrees Fahrenheit
Temperature in degrees Celsius
Temperature in Kelvin

Temperature in Rankin

{5,channel,dataselect,databegin,dataend}

Results

Sends the recorded time

Sends the lowest active channel
Sends data from channel 1

Sends data from channel 2

Sends data from channel 3

Sends data from sonic CH 1

Sends data from digital input CH 1
Results

Sends raw data filtered

Sends 1% derivative data filtered
Sends 2™ derivative data filtered
Sends raw collected data unfiltered
Sends 1% derivative data unfiltered

Sends 2™ derivative data unfiltered
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databegin Results

0 Starts sending data at first point collected
1ton Starts sending data at the point selected
dataend Results

0 Stops sending data at the last point

collected
1ton Stops sending data at the point selected

Note: Deriv=0, 1, 2; filtered if Filter=1-6 in Command 3. Deriv=3, 4, 5; ignore filter setting in
Command 3. Data End must be greater than or equal to Data Begin (unless Data End=0) and
both must be less than or equal to the number of samples sent to the CBL 2 in the last
Command 3.

Command 6 System Setup

{6,command}
command

0

2

3

4
{6,command,parm}

command
5

parm

number you specify

{6,command, filter}
command
6
filter
0tob6

Results
Abort sampling
Abort sampling

Turns sampling sound off (default on
power-up)

Turns sampling sound on

Results

Sets an ID number for the CBL 2 (used to
identify a specific CBL 2 when you have
multiple units linked together)

Results

Applies new filter to existing data

the number of the new filter to be
applied
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Command 7

softwarelD
error

battery
0
1
2

8888

sample time

trigger condition

channel function

channel post

channel filter

num samples

record time
0
1
2

temperature

piezo flag
0
1

Request System Status

{7}

Generates and prepares to return the following status information.

Current software version
If non-zero, CBL 2 should be reset

Results
Battery is OK for use
Battery is low during sampling

Battery is low all the time

Constant value; ensures the status
message was received correctly

Sample time commanded by host
during last sample run

Triggering condition commanded by
host during last sample run

Triggering channel commanded by
host during last sample run

Post-processing setting commanded
by host during last sample run

Filter commanded by host during last
sample run

Number of samples commanded by
host during last sample run (or, if
sampling was aborted, the actual
number of samples taken)

Results
No time was recorded in the last run
Absolute time was recorded in the last run

Relative time was recorded in the last run

Temperature used for temperature
correction of sonic data during last
run (if a sonic sensor was selected)

Results
No sound commanded

Sound is enabled
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system state

1 Idle
2 Armed
3 Busy
4 Done
5 Self-test
929 Initializing code
data start
data end
systemID
Command 8 Request Channel Status

channel=1, 2, 3, or 11

First point of data available for
transmission to host unless host has
sent Command 5 to override

Last point of data available for
transmission to host unless host has
sent Command 5 to override

System ID that was set using
Command 6
{8,channel, request type}

Returns a list with three elements:
E1l EZI E3

E, = sensor type (one of the operation options shown under Command 1)

E, = last valid data read from sensor, if any [only valid when sampling is active] (not

applicable to CH1 ops 5, 6, 7 or CH21 or CH31)

E; = last valid data position (sample number where stored in the resulting list) [only valid
when sampling is active]

request type=0 or 1

0 = returns current data (such as, read and return channel ID information)

1 = returns data stored when channel was last set up

Command 9 Request Channel Data

channel=1, 2, 3, or 11

Mode

{9,channel, mode}

Immediately reads and returns one
data point. Used to verify that setup is
correct.

Re-test input auto-ID value

Return stored auto-ID value
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Command 10 Advanced Data Reduction

channel=1, 2, 3, or 11

{10,channel,alg,P1,P2,P3. . .Pn}

Re-reduces data in selected channel

alg Results
1 Selects the HeartBeat Algorithm. This
algorithm will return one value. The value
is the number of cycles per sample.
2...n TBD

P1 to Pn (Parameters for algorithms)

For algorithm 1:

P1 Results
0 to 100 LowerThld Determines when data transitions from
uhighn to IIIOW"
P2 Results
0to 100 UpperThlid Determines when data transitions from
IIIOWII .to llhighll
P3 Results

RejectThid

Command 12

Determines the minimum difference in
data between UpperThld and LowerThld

{12,channel,mode,. . .}

channel
41 (Works only with digital channels)
{12,41,1} Samples digital input
Send the following commands to return the data from the CBL 2 to the host:
Command: Results:
{12,41,0} {number of points available}

{12,41,-1,Start,Stop}
{12,41,-2,Start, Stop}

{time,time,time,time. . .}

{state,state,state,state. . .}

{12,41,2,direction} Measures pulse width of a single pulse
direction
0 low active pulse
1 high active pulse
Send the following commands to return the data from the CBL 2 to the host:
Command: Results:
{12,41,0} {number of points available} (0 or 1)

{12,41,-1,Start, Stop}
{12,41,-2,Start,Stop}

{time}
{Atime}
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{12,41,3.direction} Measures the widths of pulses in
a continuous stream of pulses

direction
0 low active pulse
1 high active pulse
Send the following commands to return the data from the CBL 2 to the host:
Command: Results:
{12,41,0} {number of points available}
{12,41,-1,Start,Stop} {time,time,time,time. . .}
{12,41,-2,Start, Stop} {Atime, Atime, Atime, Atime. . .}
{12.41.4,direction} Measures the periods of pulses in
a continuous stream of pulses
direction
0 low active pulse
1 high active pulse
Send the following commands to return the data from the CBL 2 to the host:
Command: Results:
{12,41,0} {number of points available}
{12,41,-1,Start, Stop} {time,time,time,time. . .}
{12,41,-2,Start,Stop} {Atime, Atime, Atime, Atime. . .}
{12,41,5} Counts the transitions on the

digital input line

Send the following commands to return the data from the CBL 2 to the host:

Command: Results:
{12,41,0} {number of points available}
{12,41,-1,Start, Stop} {count,count,count. . .}
{12,41,6,StartPos,ScaleFactor} Measures the position of a rotary
motion sensor
StartPos The initial position (in user units)
ScaleFactor The number of user units to increment/

decrement for each count change

Send the following commands to return the data from the CBL 2 to the host:

Command: Results:
{12,41,0} {number of points available}
{12,41,-1,Start,Stop} {pos,pos,pos. . .}
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Command 102 Power Control Command

pwrct!
0
-1
XXX 1 through 1000

{102, pwrctl}

Results

Power level controls in Normal Mode
Power port ON all the time

Channel powers up xxx seconds before
data taken

Note: Please see the Technical Information provided on the Tl web site or the Resource CD
for additional important information regarding this command.

Command 110 Read Sensor
channel
1
2
3
bank
0 through 15

Note: An 8-element list is returned in List 1.

Command 111  Write Sensor

{110,channel,bank}
Results

Reads data from channel 1
Reads data from channel 2

Reads data from channel 3

{111,channel,bank,v,,v V3 V4V5 VgV, Vg

channel
1
2
3
bank
0 through 15

Results
Reads data from channel 1
Reads data from channel 2

Reads data from channel 3

Note: v;-vg are the values to be written. They must be present. The unit will not write to the

sensor unless all eight values are present.
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Command 115

channel=1, 2, 3, or 11

Returns the following information:

CBL 2 sig

LabPro™ sig

Y-min

Y-max

Y scale

sample rate

number of samples
operation command

calculation equation

sensor warm-up time

first coefficient

second coefficient

third coefficient

number of pages

active page

Command 116

channel=1, 2, 3, or 11

Returns the following information:

long sensor name

{115,channel}

CBL 2 significant figures

LabPro significant figures

Suggested Y-min for graphing
Suggested Y-max for graphing
Suggested Y scale for graphing
Typical sample rate

Typical number of samples to collect
Typical operation command

Suggested calculation equation for
Command 4

Sensor warm-up time (in seconds)

Suggested first coefficient for
Command 4

Suggested second coefficient for
Command 4

Suggested third coefficient for
Command 4

Sensor’s number of calculation pages
(usually 0)

Sensor’s active calculation page
(usually 0)

{116,channel}

Returns long sensor name in a format
that the calculator can handle

Command 117 {117,channel}
channel=1, 2, 3, or 11
Returns the following information:

short sensor name Returns short sensor name in a format
that the calculator can handle
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Command 1998 Set LED Command {1998, P,, P,}

P, Selects the LED
1 Red
2 Yellow
3 Green
P, Turns the LED off or on
0 Off
1 On

Note: Leaving a LED turned on will run down the batteries in the CBL 2.

Command 1999 Sound Command {1999, [length,Pd ], . . .}
length Sound stays on this long (in 100us
steps)
Pd, Tone half period in 100us steps

[You can enter up to 32 pairs of values.]
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