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About this Guide

The Xplorer GLX Users' Guide isdivided into two parts.

Part 1 contains detailed information about operating the GL X, including descriptions of every screen, win-
dow and menu within the GLX environment, and instructions for common procedures.

Part 2 contains step-by-step instructions for science activities and experiments that can be done with the
GLX, its standard included equipment, and commonly available supplies.

Thisisrevision F of the User’'s Guide, for version 1.4x of the GLX firmware. Visit
www.PASCO.com/gIx/ for downloadable updates to the Users's Guide and firmware. If you have updated
your GLX from a previous version, be sure to check out these new features:

New for Version 1.4x Update firmware from USB flash drive, p. 93

Cell-selective manual sampling with Table display, p. 60

Instant data monitoring in Digits and Meter displays, pp. 37 & 38
Automatic calculation creation from Linear Fit, p. 22

Export data to text file, p. 32

New for Version 1.3x Swap Cursors, p. 21
Toggle Active Data, p. 21
Zoom Tool, p. 25

New for Version 1.2x Voice and Text Data Annotation, p. 25
USB flash drive support, p. 83
GLX-to-GLX data transfer, p, 84

New for Version 1.1x Scope Mode, p. 22

Output-control Calculations, p. 50

Built-in Sound Sensor, p. 58

Data Collection with ScienceWorkshop Sensors pp. 59, 67

Technical Support

For assistance with the Xplorer GLX and other PASCO products, contact PASCO Technical Support at:

Address: PASCO scientific
10101 Foothills Blvd.
Roseville, CA, 95747-7100 USA

Phone: (800) 772-8700 (inthe U.S)
(916) 786-3800 (worldwide)

Fax: (916) 786-7565
Web: WWW.pasco.com/support/
Email: support@pasco.com

Copyright

The PASCO scientific Xplorer GLX Users’ Guide is copyrighted with all rights reserved. Permission is granted to non-profit educational institutions for reproduction
of any part of this manual, providing the reproductions are used only in their laboratories and classrooms, and are not sold for profit. Reproduction under any other
circumstances, without the written consent of PASCO scientific, is prohibited.

Trademarks

PASCO, PASCO scientific, DataStudio, PASPORT, ScienceWorkshop, Xplorer, and Xplorer GLX are trademarks or registered trademarks of PASCO scientific, in the
United States and/or in other countries. All other brands, products, or service names are or may be trademarks or service marks of, and are used to identify products
or services of, their respective owners. For more information visit www.pasco.com/legal.

Windows is a registered trademark of Microsoft Corporation in the United States and/or other countries.

Macintosh, Mac, and Mac OS are trademarks of Apple Computer, Inc., registered in the U.S. and other countries.

PASCO Manual Number 012-08950F



How to Store the )y(plorer GLX

Ve

Even when the screen is blank, the GLX is active: it powers its memory, it periodically checks its battery, and it
monitors its keypad. Like other hand-held computers, the GLX never turns off—it just goes to sleep.

Before you put your GLX away, read these instructions.

With proper care, you can ensure that your GLX will be ready for use whenever you need it.

Storage Time | What You Should Do

WHENEVER | Leave the GLX Plugged In
POSSIBLE

Leave the GLX connected to AC power so it can keep its battery charged and store data
files indefinitely. This is the best way to store the GLX for any length of time.

Unplugged for
MORE THAN | Backup Your Data
A FEW DAYS

Data files stored in RAM are temporary. If you want to keep your data files, transfer them to
the GLX's internal Flash memory, a USB Flash drive, or a computer. See pages 78—-84 and
100 of the Users' Guide for more information.

Fully Charge the Battery

Put the GLX away with a full battery to keep the RAM active (for up to two weeks) and
ensure that the battery has power the next time you use it.

Any time within two weeks, simply press and hold the power button to turn it on. Data
saved in RAM will still be there.

After two weeks, plug in the AC adapter to turn on the GLX (or press the reset button on
the back) and retrieve data files from your backup location.

Unplugged for
MORE THAN | Put the GLX into Deep Sleep*

A MONTH In deep sleep mode, an internal switch opens to disconnect the battery. To put the GLX

into deep sleep: backup your data; allow the battery to fully charge; unplug the AC adapter;
go to the settings screen, press (2, and press (¥); follow the on-screen instructions.

Why is deep sleep important?
Nickel metal hydride batteries last longer when they are kept as fully charged as possible.
Deep sleep mode prevents unnecessary discharging.

What if | forget to put it into deep sleep?
Don't worry. If the GLX is left unplugged and unused from more than two weeks, it puts
itself into deep sleep.

How do | wake up the GLX from deep sleep?
When you're ready to use it again, just plug in the AC adapter (or press the reset button on
the back) and retrieve data files from your backup location.

*Note for early hardware versions: Early versions of the GLX do not support deep sleep mode. If you have one of these GLXs, leave it
plugged in or remove the battery for long-term storage. (But don't plug in the AC adapter when the battery in not installed.) See page 95 of the
Users' Guide for more information.

TAPE THIS SHEET TO THE INSIDE LID OF THE GLX STORAGE BOX OR POST IT WHERE THE GLX WILL BE STORED.

| PASC O Visit www.pasco.com/glx to download the latest GLX firmware update and Users’ Guide.012-08950F
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Xplorer GLX Users’ Guide

Introduction

The Xplorer GLX is adata collection, graphing, and analysis tool designed for science students and educators. The Xplorer

GLX supports up to four PASPORT sensors simultaneously, in addition to two temperature probes and a voltage probe con-
nected directly to specialized ports.

An optional mouse, keyboard, or printer can be connected to the Xplorer GLX's USB ports. The Xplorer GLX contains an
integrated speaker for sound generation and a stereo signal output port for optional headphones or amplified speakers.

The Xplorer GLX isfully functional stand-alone handheld computing device for science. It aso operates as PASPORT sensor
interface when connected to a desktop or laptop computer running DataStudio software.



Included Equipment

Included Equipment

A)
B)
C)
D)
E)

GLX Users’ Guide
Xplorer GLX

AC Power Adapter
Registration Card

Getting Started with the Xplorer GLX CD-ROM

F) Two Fast-response Temperature Probes
(-10to 70 °C)

G) Voltage Probe (-10 to +10 V)

H) USB Host-connection Cable

1) Poster (not pictured)
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Quick Start

Getting started with the GL X is easy—simply plug in the AC adapter, connect
one of theincluded sensors, and collect data. In the example below, you will start
the GLX and collect temperature data.

Plug In the AC Adapter

Connect the AC adapter to the power port on the right side of the GLX and plug
the adapter into a power outlet (100 to 240 VAC, depending on your location).
When you connect the AC adapter, the GL X turns on automatically.

The first time you use the GL X, leave it plugged in overnight (at least 14 hours)
to alow the battery to fully charge.

If the battery has already been charged, you can use the GL X without the AC

adapter. To turn it on using battery power, push the power button at the lower-
right corner of the keypad ((¢©)) and hold it for about one second.

Connect a Sensor

Connect a temperature probe to one of the temperature ports on the left side of
the GLX.

In most cases, the Graph display will launch automatically with the axes |abeled
“Temperature (°C)” and “Time (s).”

121327 Ph 01/24/05 XploreriGLY Al w2
(0.0000, 0,00 Mo Data

3]

Temperature (°C)

1] 2 4 & g
Time (s)
AutoScale | Scaledhiove |Tools '|Graphs -

Collect Data
Press (.

The GLX isnow recording and graphing data from the sensor. Press (/) to
automatically scale the graph.

Hold the end of the temperature probe in your hand and observe how the data
plotted on the Graph react.

1213:59 P 01/24/05  xplorercly @0
£17.0000, 33.6) Run #1

Temperature (°C)
30 a5

25

oz 4 3 8 10 12 14 18 18
Time (51
AutoScale | ScaleMove [Tools ~[Graphs
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| ¢
Connect the AC

power adapter

If running on
battery power,
press the
power button

Connect a
temperature probe




6 Overview of the GLX

To stop data recording, press ) again.

You have just collected and graphed a run of temperature data. To collect addi-
tional data runs, press ™) again.

There are several different ways to collect data with the GLX. This is the sim-
plest and most common. See “F1 Mode” on page 57 for other options. You
can find a complete description of the Graph display starting on page 13.

Overview of the GLX

The example above represents just a small part of the GL X's capabilities. This
overview will outline some of the set-up options to customize your GLX and pre-
pareit for an activity; then (starting on page 9) survey the GLX's Home Screen
as a gateway to the entire GL X environment.

Equipment Set-up Options

Power Source Whenever possible, it isagood ideato use the GLX connected

to the AC power supply. For maximum operating time on battery power, first

connect the GL X to AC power for at least 14 hours, or until the Battery Gauge

indicates afull charge.! 1See “Battery Gauge” on page 11.

Power On The power turns on automatically when you plug in the AC adapter.
If the GLX isrunning on batteries, or if the AC adapter is already connected,
push and hold the power button ((©)) for about 1 second to turn it on.

By default, the GLX is set to start with a new datafile; however, if the Startup
Action of the GLX has been set to “Open Last Experiment,” it will automatically
open the most recently saved file. See page 86 for more information.

Back Light To turn on the screen’s back light, press and hold while you
press @ 2 ’The backlight and other aspects of the

Xplorer GLX can also be adjusted in the

Settings Screen. See page 85.
Screen Contrast There are 21 levels of screen contrast. Push and hold (&),

then use the up and down arrow keys () to adjust the contrast to a comfortable
level.

Language Initsfactory configuration, the GLX is set up to operate in English.
If you would like to change the language, refer to “ Settings Screen” on page 85.

PASPORT Sensors Connect up to four PASPORT sensors to the main ports Temperature Signal
on top of the GLX. Probes Output

In some cases, the GLX may automatically launch the Graph or other display
when you plug in a sensor. See “ Sensor Auto-Display” on page 86 for more

information about this feature.
Security Cable
Connection Slot

Temperature Probes Connect the included fast-response probes or other
PASCO temperature probes to the two temperature ports on the left side of the
GLX. Therangeis-10 to +70 °C with fast-response probes, or -10 to +135 °C PASPORT

. . Sensor Ports
with stainless steel probes.

Voltage
Probe

Voltage Probe Connect the included voltage probe to the voltage port on the
left side of the GLX to measure voltages between -10 and +10 V. The voltage
probe should be connected to voltage sources only when it is also connected to
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the GLX. Do not connect a voltage source until after the probe is connected to the
GLX; remove any voltage sources before disconnecting the probe.

Sound Sensor To configure the GLX’s microphone as a sound sensor, press
and together to enter the Sensors screen; then press (2D to open the
Microphone menu. From the menu, select Sound Sensor to record the sound
waveforms, or select Sound Level to measure sound level in decibels. See “F3
Microphone” on page 58 for more information.

Computer If you will be using the GLX with acomputer, use the included USB

host-connection cable to connect the GLX to the USB port of the computer.

Refer to page 99 for instructions on setting up the computer. Computer via USB

host-connection cable

Mouse If you Wi'|| be using an optional mouse (PS-2539), connect it to the USB ﬁ,fouse, keyboard or

port on the right side of the GLX. printer through optional
peripheral cable

A mouse can be convenient, but it is never required; anything that you can do USB mouse

with the mouse can aso be done through the GLX's keypad. New users often keyboard, pfinter,

find that operating the GLX is easier with amouse. For experienced users, using storage device,

X or 2nd GLX
the keypad rather than amouseis usually faster.

Keyboard If you plan to do alot of text entry, connect a USB keyboard
(PS-2541) to the port on the right side of the GLX.

To connect a mouse and a keyboard simultaneously, use the optional
PS-2536 Peripheral Cable. 0

Signal Output If you have headphones or apair of amplified stereo speakers Qfa[i?e“!er

that you wish to use for sound generation, connect them to the signal output port.
You also have the option of using the GLX's built-in speaker for sound output.
See “Output” on page 39 for more information.

USB Storage Device If you have a USB storage device (such as a flash drive)
you can connect it to the GL X’s USB port for extrafile-storage capacity and data
backup. See page 83 for more information.

GLX-to-GLX Transfer If you have two GLXs that you would like to transfer

files between, connect them using the included host-connection cable. See
page 84 for more information.

Shutting Down

Manual Shut Down

To turn off the GLX, press and hold (©) for 1 second. The GLX will prompt you Save changes to the file 'Untitlect?
to save your data and experiment setup before it shuts down. Press (/) to save
your work, press Cr2) to shut down without saving, or press (2D to not shut
down. See page 80 for instructions on opening the saved file.

Mo | Cancel |

Yes |
D ey R

If you hold the power button for 5 seconds, the GLX will shut down without
saving your data.

The GLX cannot shut down while the battery is charging; if you try to turn it off,
amessage will appear informing you that charging is in progress. When the bat-
tery isfully charged, and the GLX has been idle for 60 minutes, it will shut down
automatically (see below).
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Auto Power Off

Timed Auto Power Off If it is running on battery power, the GLX will auto-
matically save your data and shut down after a certain amount of continuousidle
time (5 minutes by default).®

To set the idle time that must elapse before auto shut down on battery
power, see “Auto Power Off” on page 85.

If the GLX isrunning on AC power and the battery is fully charged, it will auto-
matically shut down after 60 minutes of idle time.

The GLX will warn you that it is about to shut down 30 seconds before it actually
does. If you see the warning, press (£ to proceed with the shutdown, or press
C#2> to keep the GLX turned on.

Battery Auto Power Off The GLX will also save data and shut down automat-
icaly if the batteries drain to a critical level. Connect AC power before turning
the GLX back on.

Auto Data Save Just before the GLX shuts down, it will save the open file
(which includes all data, displays, calculations and set-up information). If you
have named the file, it will be saved under that name. If you have not named the
file, it will be saved with the filename “Untitled.”

Resuming after Auto Power Off To resume your work after the GLX auto-
matically shuts down, push and hold the power button ((¢)) for about 1 second to
turnit on. If the automatically saved file does not open automatically, go to the
DataFiles screen (see page 78) and open the file. (See page 80 for instructionson

opening afile.)

If you have set the Startup Action of the GLX to “Open Last Experiment,” the
file will automatically open when you turn on the GLX. See page 86 for more
information.

Sleep Between Samples If the GLX is running on battery power and collect-
ing data at a rate of once every 30 s or dower, and it has been otherwise idle for
the set auto-power-off time (see page 85), it will “sleep” between samples. When
the GL X is dlegping, the screen and any connected sensors are turned off to save
power, and the green LED on the front of the unit blinks once every two seconds.
When it istime to collect adata point, the GLX wakes up briefly, records data,
and goes back to sleep. Press any key to wake up the GLX.

The Record Button

Default Recording Mode Whenever you have one or more sensors connected
to the GLX, you can press () to start data collection. In its default mode, the
GLX will begin recording data continuously from all connected sensors. Press
(» again to stop data collection. To start recording another data run, press (»

yet again.

Sticky Start Usethe Sticky Start feature to prevent data collection from being
unintentionally stopped when you take the GLX on an amusement park ride. To
start data collection with Sticky Start, press and hold () for about 5 seconds.
You will hear three beeps and see the Sticky Start icon (&) appear at the top of
the screen. Data recording will continue after you release (). To stop data

3The GLX is considered idle when

the GLX is not collecting data,
the Stopwatch is not running,

the GLX is not connected to a com-
puter running DataStudio, and

the GLX is not receiving input through
its keypad, a mouse, or a USB key-
board.

GLX Auto Shutdown

The GLX will sutamatically shut down in 30 seconds.
Press Cancel (F2) to cancelthe shutdown, Prass OK (F1)
to shut down now,

ok | cancel |

VD Cm

Record Button
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recording, you must press and hold (™) until you hear three beeps again. Data
recording will stop when you release (.

Alternative Recording Modes If you have put the GLX into Manua Sam-
pling mode (see page 57), it will not start recording when you press () ; rather it
will stand by to record a data point whenever you press (F). If you have turned
on the Trigger in the Graph display (see page 20), then the GLX will delay the
start of recording after you press () until the specified trigger condition is
reached.

Home Screen

The Home Screen is the center of the GLX environment. All other screens are
just one step away from the Home Screen. From any other screen, you can
aways return to the Home Screen by pressing (2.

The Home Screen consists of three sections: the Main |cons, the Bottom Row,
and the Top Bar.

Main Icons

The main icons on the Home Screen lead to the other screens of the GLX envi-
ronment.

4:42:03 Ph 08/01/04 xploreriGLy o =

/_/\ @
ata Files Digits Meter Stopwatch
’Lh . @G)D By :\/Iain
L S5 = B I D LT
/$ 2 | mus [ cons
Tirning Settings Output Notes
e [123.45] Fes
N~ B G R
000 K,
aoao
Graph | Tahle | Calculatur| Sensors

To open another screen via one of the main icons, use the up, down, left, and
right arrow keysto highlight the desired icon, then press ().

The highlight wraps around, so you can move it to any icon within three key
presses. For instance, if the highlight is in the first column, and you want to
move it to the fourth column, press the left arrow key once.

Alternatively, if you are using a mouse, simply click on the desired icon.

You can also access the four icons in the bottom row using the function keys.
See “Bottom Row” on page 10 for more information.

Theicons and the screens they lead to are described briefly here, and in more
detail elsewhere in the following chapters.

Data Files Once you have collected data or configured the GLX for an experi-
ment, you can go to the Data Files screen to save your work. You can also open
or delete saved files and manage the displays, sensors, cal culations, and manually
entered data sets that are part of a datafile. See page 78 for more information.

GLX Users’ Guide 9
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Digits Thisscreen isuseful for displaying live data as they are collected from
sensors and calculations. Up to six data sources can be displayed simultaneously.
See page 37 for more information.

Meter This display simulates an analog meter with a needle that deflectsin pro-
portion to a measurement made by a sensor. See page 38 for more information.

Stopwatch With this screen, the GL X can be used like aregular stopwatch to
time events. The stopwatch is started and stopped by the user through the GLX's
keypad, so no sensors are necessary. See page 54 for more information.

Timing Use the Timing screen to configure photogates, Super Pulleys, and other
switch-type or counting-type digital sensors. See page 62 for more information.

Settings Go to the Settings screen to change the GLX's name, time and date,
and screen settings, set how long the GL X waits before automatically turning off,
and control how the GL X behaves when you turn it on or connect a sensor. See
page 85 for more information.

Output The Output screen contains the controls for the signal that the GLX gen-
erates and outputs through the built-in speaker, or through the signal output port
to headphones or amplified speakers. See page 39 for more information.

Notes Inthe Notes screen, you can create, read, and edit pages of text notes to
be saved along with an experiment configuration or collected data. See page 53
for more information.

Graph Use the Graph to plot and analyze data. In many cases, the Graph is the
best way to view data as they are being collected. See page 13 for more informa:
tion.

Table The Table displays data numerically in columns. It can be used for editing
and entering data and for statistical analysis. See page 28 for more information.

Calculator You can use the calculator like aregular calculator for finding the
result of asimple expression and like a graphing cal culator for plotting equations.
The calculator can also perform operations on streams of data collected from sen-
sors and on sets of manually entered data. See page 41 for more information.

Sensors Use the Sensors screen to customize the way sensors collect data. The
screen shows which sensors are connected to the GLX and contains controls for
how each sensor operates. See page 85 for more information.

Bottom Row

Graph Table | Calculatar | Sensaors

Bottom Row

Theiconsin the bottom row of the Home Screen are selectable viathe four func-
tion keys: (7, (2>, (FD, and (74 Graph, Table, Calculator, and Sensors
are the most commonly used screens, and therefore the most easily accessible. To
make the bottom row of the Home Screen appear temporarily from anywhere in
the GL X environment, press and hold : while holding (&), press one of the
function keys to open the corresponding screen.

In other screens, you will usually see four choices at the bottom of the screen that
can be accessed with the function keys.

Qutput

MNotes

S

+ @ Graph
+Cr2) Table

+ @ Calculator
+ Sensors

Shortcuts from anywhere in the GLX
environment
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Top Bar

The Top Bar isthe part of the Home Screen that is always visible from anywhere
inthe GLX environment. It shows the time and date and the name of the GLX or
the name of the open file. It also indicates the recording status, battery level and

memory usage.

Time and Date Thetime and date displayed in the Top Bar are set automati-
cally when you connect the GLX to a computer running DataStudio (see

page 99). You can also go to the Settings screen (see page 85) to set thetime and
date manually and change the format in which they are displayed.*

GLX Name By default, the name displayed in the Top Bar is“XplorerGLX.” If
you are using more than one GL X in your classroom or lab, you may wish to give
each one a unigue name. See “ Settings Screen” on page 85 for instructions.

When apreviously saved filed is open, the name of that file appearsin place of
the GLX Name. See page 78 for more information about saving and opening
files.

Home Icon If you are using a mouse, you can click the Home Icon (1) in the
Top Bar, instead of pressing (& on the keypad, to return to the Home Screen
from any other screen in the GLX environment.

Recording Status The Recording Status icon changes to indicate when the
GLX iscollecting data, and in what sampling mode it is operating (see page 57
for more information about the sampling modes). It aso indicates when an audio
note is being recorded or played (see “ Data Annotation” on page 25).

If you are using amouse, you can click the Recording Statusicon, instead of
pressing (> on the keypad, to start and stop data collection.

Memory Gauge The Memory Gauge indicates the GL X's available memory.
Asdata are stored in random access memory (RAM), the icon becomes shaded
from the bottom up. An entirely shaded icon meansthat thereislittle or no capac-
ity remaining for recording data. See “Data Files Screen” on page 78 for instruc-
tions on deleting files or data runs to make more memory available.

If you are using amouse, you can click the Memory Gauge to open the Data Files
screen, start anew file, or save the file that you are working with. (Without a
mouse, the Data Files screen, which includes the New File and Save File options,
is accessed through the Home Screen; see page 78.)

Battery Gauge Whenthe GLX isrunning on battery power, the Battery Gauge
indicates the level of charge of the battery. It is fully charged when the entire
gauge is shaded.

Each GLX learns the particular charge and discharge characteristics of its
battery as it is used. To make the gauge more accurate, allow the battery to
fully charge, then fully discharge at least once.

The Battery Gauge also indicates when the GLX is connected to AC power and
charging the battery.

GLX Users’ Guide 11

Home
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GLX Name | Gauge
Time and Date or File Name
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day/month/year.

Recording Status Icons
Not Collecting Data
Sampling in Continuous Mode

Sampling in Manual Mode
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Recording Audio Note
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Playing Audio Note

Memory Gauge Icons
Most RAM free

RAM about half free

RAM almost full

Battery Gauge Icons
Battery fully charged

Battery nearly empty

AC power connected; battery
charging

AC power connected; battery
fully charged

+$ 8010



12 Overview of the GLX



Xplorer GLX Users’ Guide

Chapter 1: Displays

The GLX has four screens for displaying data: Graph, Table, Digits, and Meter.
This chapter will describe the structure and use of each display.

Open any of the displaysto monitor live dataasit is collected. Open the Graph or
Table to view previously recorded measurements or manually entered data.

Graph

The Graph plots data on a pair of axes. Use the Graph to view, compare, and ana-
lyze data sets.

To Open the Graph

From the Home Screen, do one of the following:

ress , the function key below the Graph icon;

> press & ey ap o~

@§© use the arrow keys to highlight the Graph icon, then press (+); or
The Graphicon on

@/ click the Graph icon. the Home Screen

From anywhere in the GL X environment, you can always open the Graph with

the shortcut (&) +CF.

In some cases, the Graph opens automatically when you connect a sensor.

442,03 FM 08/01/04 XploreriGLX TG =
4.000, 27.6071 Run #1

Ternperature (°C)
272 274 216 278

1] 2 4 [ a
Time (5)
Autn Scale | Sraledhove |Tools '|Graphs -

The Graph Display
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Active Fields
Run Number
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Active fields of the Graph

Active fields are the areas on the Graph (and other display screens) through
which you control what data are shown. When you select an active field, a menu
opens containing choices of data source, units, or run number. Follow the steps
below to select an active field using the keypad.

1. Press () to“light up” the active fiel ds—shaded boxes appear around the
activefields.

2. One of the shaded boxes is darker than the others, designating the high-
lighted field. Use the arrow keys to move the highlight to the field that you
would like to select.

3. Press () again to select the highlighted field, which causes amenu to open.
To select an option from the menu:

e usethe up and down keys to highlight the desired menu option, then press

©;
or

e pressthe number on the keypad corresponding to the desired menu option.

To turn off the highlight without selecting one of the fields, or to close amenu
without selecting an option, press G).

@f If you are using a mouse, you can left-click an active field to select it and
open the menu, then click one of the menu options. (It is not necessary to press

@ first)

E - =8 @
£ " Left-C:(i(t?ﬁ L (@ | Temperature | eft-cliok th
& one of the = Eyrr— eft-click the
5™ [ active fields.  [I° (D% Relative Pressure desired
s =101 DataPropertias.. menu option.
@ T
F o g

=L _

u 0 1 2

Selecting a field with the mouse

Selecting a field with the keypad
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Press (D to light up the active fields.
Use the arrows to move the highlight to
the desired field and press () to open
the menu.

0:23:53 Akd 01701700 XplorerGLX {23 [ mm
(7.0000, 28.7) Run #1

[
Z
=
=
=
s
@
=
T
=

1] 1 & 7

2 4 5
Time@

ujo Scale | ScalEKW\re |TUUls '|Gra|3hs N

I=

Use the arrow keys to move the
highlight to the desired menu option,
then press (¥;

or

~on the keypad, press the number
corresponding to the desired option.
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Choosing Data to Display

Data Source A graphis generated from two data sources: one on the vertical
axis and one on the horizontal axis. The possible types of data source are

e  asensor measurement,

e time (horizonta axis only),

e acalculation,

«  manually entered numeric data, and

* manually entered text data (horizontal axis only).*

If you configure the Graph with data sources that already contain data, the data

will appear immediately. If the selected data sources have not yet collected data,
the Graph will initially be blank; when data collection starts, each data point will

be plotted as it is acquired.
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Data source menu for the horizontal axis

If thereis at least one sensor connected to the GL X, the Graph will automatically
set one of the sensor measurements as the vertical data source, with time as the

horizontal data source. Select the vertical or horizontal data source field? to
choose a different source.

When you chose a data source, it replaces the previously displayed one.
See “Two Measurements” on page 23 and “Two Graphs” on page 24 for
instructions on displaying two vertical data sources simultaneously.

If you do not see the sensor measurement that you want in the data source menu,

select More to expand the menu.

For more information on selecting data from the Data Source menu when
you are working with more than one sensor, or with a multiple-measurement
sensor, see “Data Source Menus” on page 89.

Also from the Data Source menu, you can select Properties to edit the name and

other properties of the currently displayed data set. See “ Data Properties’ on
page 69 for more information.

Units Select theunitsfield? to choose different units (if available) for the chosen

data source.

Run Number Select the run number field? to choose a different datarun. You
can also choose to display no data.

GLX Users’ Guide 15

1For more information on calculations,
see page 41. For more information on
manually entered data see page 32.

2To select a data source, units, or run
number field

Keypad

1. Press (¥ to light up the active fields.

2. Use the arrow keys to move the high-
light to the desired field.

3. Press (¥) again to open the menu.

4. Use the arrow keys to highlight the
desired menu option and press (¥);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse

1. Click the desired field to open the
menu.

2. Click the desired menu option.
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Run number menu
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In normal mode, one data set is displayed at a time. See “Two Runs” on
page 24 for instructions on displaying two runs simultaneously.

The next-to-last option in the run number menu is Delete Run, which deletes the
currently displayed run. That run will be deleted from all measurements, not just
the one displayed in the Graph.

Thelast option in the run number menu is Rename Run. By default, datarunsare
names “Run #1,” “Run #2,” etc. When you select Rename Run, the GLX
prompts you for a new run name. Enter the new name using multipress text entry
(or an attached keyboard) and press CF) to accept the change (or press CF2) to
cancel the change). The new name will be applied to that run from all measure-
ments, not just the one displayed in the Graph.

For more information on multipress text entry, see page 90.

Data Cursor and Coordinates

0:53:07 Ak 01701700
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265

Temperature (°C)

26.0

The circle around one of the data points is the Data Cursor. Use the arrow keysto
move the Data Cursor; the left and right arrow keys step the Data Cursor to adja-
cent data points, the up and down arrow keys make the cursor jump to the first
and last visible data points. Press and hold the left and right arrow keys to move
the cursor quickly.

The coordinate pair near the top of the Graph indicatesthe“X” and“Y” values of
the Data Cursor.

@/‘ If you have amouse, you can move the Data Cursor by dragging it: click
on the Data Cursor, hold down the mouse button, and move the mouse left and
right to move the Data Cursor aong the data plot.

Graph Function Keys

In the Graph, the function keys are used to change the scale and to open the Tools
and Graphs menus.

F1 Autoscale

Press (£ to make the scale of the Graph adjust automatically so that all data
arevisible.

F2 Scale/Move

Pressing (CF2) cycles the graph through Scale mode (first press) and Move mode
(second press).

Rename Selected Run

Fun #4 |
Ok \ Cancel \

D

The GLX prompts you to enter a new
data run name

Jump to
first point

A
Step left to @ Step right to
adjacent point adjacent point
>
Jump to

last point

Use the arrow keys to move the
Data Cursor

AutoScale | ScalesMave [Tools “[Graphs -

D Cmy o R
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In Scale mode, the left and right arrow keys compress and stretch the Graph hor-

izontally; the up and down arrow keys stretch and compress the Graph verticaly.

In Move mode, the arrow keys make the graph move left, right, up, and down.

To return to normal mode (indicated when the (#2) function reads “ Scale/
Move"), press &=). If the Graph isin Scale or Move mode and the arrow keys are

not pressed for severa seconds, the Graph will return to normal mode automati-
cally.

See “Zoom” on page 21 for another way to rescale the Graph.

@/ Scale and Move with a Mouse

If you have a mouse, you can scale and move the Graph by dragging it with the
mouse cursor. (It is not necessary to press Cr2) first.)

To change the scale, click and drag on (or between) the numeric labels on the
edges of the Graph to change the vertical and horizontal ranges.

0:21:54 AM 01/01/00 XplorerGLE {3 B = 0:;21:54 Ah 01/01/00 XplorerGLX {0 B =

2 (6.0000, 25.9) Run #4 = (6.0000, 25.9) Run #4
= ]
o e
Fei e
R 58
e o
29 2
£ b=
a e a2
= <f [
o [a]
1] 1 2 3 4 g g 1] 1 2 & @ 4 g g
Time (5) Time (5]
Auto Scale \ Srale/Maove \Toots '\Graphs - Autn Scale |Scalez‘M0\re |Tools '|Graphs -

Vertical Scale Horizontal Scale

To move the plot up, down, left, and right, click and drag anywhere in the “back-
ground” of the Graph.

To zoom in on part of the Graph, hold down &) while you click and drag to
draw arectangle. The area enclosed by the rectangle will enlarge to fill the
screen.
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F3 Tools Menu

Use the analysis tools contained in the Tools menu to obtain numerical informa
tion from the Graph (such as coordinates and statistics), to visualize different
properties of the plotted data (such as slope and area), and to enlarge a selected
area. This menu also contains an options to configure the Trigger (see page 20).

GLX Users’ Guide 17
Scale Stretch
Mode vertically
A
Compress Stretch
horizontally @@@ horizontally
>
Compress
vertically
Move Move up
Mode A
Move Move
left @@@ right
Move down

Arrow key functions in Move and
Scale modes
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When you select atool from the Tools menu,® a check mark (.+) appears next to
it. To turn off atool, select it from the menu again, which removes the check
mark and returns the Graph to normal mode. If you have atool turned on and you
choose a different tool, the previous tool will automatically turn off.

(D 5mart Toal
(277 Delta Taol

() p<3lope Tool
(@ % Statistics

(5,27 Linear Fit
(E) . mrea Tool
(% Derivative
B Trigger

&8, Zoom

AutoScale | Scaledboie [ W Graphs N

The Tools menu

The optionsin the Tools menu are described below.

Smart Tool When the Smart Tool is selected from the Tools menu, a pair of
crosshairs appears on the Graph with labels indicating its coordinates. Use the
left and right arrow keys to move the Smart Tool to adjacent data points. Use the
up and down arrow keysto send it to the first and last visible data points. Press
and hold the l€eft or right arrow key to move the Smart Tool quickly.

Jump to
first point

A
Step left to @ Step right to
adjacent point adjacent point
D

Jump to
last point

@/‘ If you have a mouse, you can move the Smart Tool by dragging the cir-
cle at the intersection of the cross hairs left and right.

Delta Tool When the Delta Tool is selected from the Tools menu, a dashed rect-
angle appears on the Graph. One corner is marked with acircle, the other is
marked with atriangle. Labels on the edges of the Graph indicate the width (AX)
and height (AY) of the rectangle, measured fromthe circle to the triangle.

When you first turn on the Delta Tool, the circle and triangle appear at the same
point. Press the left or right arrow a few times to separate them.

The left and right arrow keys move the triangle to adjacent data points; the up
and down arrow keys send the triangle to the first and last visible data points.
Press and hold the l€eft or right arrow key to move the triangle quickly.

@/‘ If you have a mouse, you can move the triangle by dragging it left or
right.

The triangle designates the active corner of the Delta Tool, which isthe corner
that moves when you pressthe arrow keys or drag it with the mouse. To make the
other corner active, hold and press (& . Thetriangle and circle will swap
places when you release both keys.

Note that when the cursors swap places, the signs of AX and AY change. These
values are always measured from the circle to the triangle; AX isthetriangle’s X
coordinate minusthecircle’s X coordinate, AY isthetriangle’s Y coordinate
minus the circle’s Y coordinate. You would most typically be interested in the
values reported when the triangle isto the right of the circle.

3To select a tool from the Tools
menu:

Keypad

1. Press () to open the Tools menu.

2. Use the arrow keys to move the high-
light to the desired tool and press (¥);
or press the number on the keypad
corresponding to the desired tool.

Mouse

1. Click “Tools” at the bottom of the
screen to open the Tools menu.

2. Click the desired tool.

0:04:47 Akt 0101700 JplorerGLX {0 O mm

Fun #1

Temperature (°C)

6 8 10
Tirme (s)
AutoScal\ %cale/hﬂove f"?""Tools '\Graphs N
A\
Coordinates
Smart Tool
Stationary 10) Active
Corner Corner

3344133 AM nszmmsl KplarercL A}@Daﬁn
o

i‘mou, 15.41 Run #1

Force, push positive (h)

12§m's?39

ATime (5)
AutoS(\ale |Scale£M0\Ia [ : Tools '|Graphs -
) 1
AY AX
Delta Tool



Xplorer

05637 AN 0601705 WplorerGld b fl o 25712 AN 0601705 WplorerGld b fl o
[10.5000, 36.0) Run #1 (2.5000, 28.6) Run #1

35
5

30

Ternperature (°C)
3

Ternperature (°C)

25
25

o \z < [MEl: 10 1z o \z < EXEGE: 10 1z
A Time (5) A Time (3
Auto Scale |\ScaMMOve [ZZ;ZZ; Toals '|Graphs B Auto Scale “ScaMMove [ZZ;ZZ; Toals '|Graphs B
\'Z

Positive AX and AY Negative AX and AY

When the cursors swap places, the signs of AX and AY change

Slope Tool Select the Slope Tool from the Tools menu to measure the slope of

atangent line at one point on the data plot. A pair of crosshairs marks the point at
which the slope is measured. L abels on the Graph’s edges show the coordinates

of the point, and the slope is displayed at the bottom of the screen.

Use the left and right arrow keys to move the Slope Tool to adjacent points. Use
the up and down arrow keys to send it to the first and last points. Press and hold
the left or right arrow key to move the Slope Tool quickly.

@/‘ If you have amouse, you can move the Slope Tool by dragging the circle
a the intersection of the cross hairs left and right.

Statistics Select Statistics from the Tools menu to put the Graph into Statistics
mode. The Graph displays the minimum, maximum, average, and standard devi-

aion (o) of the data inside the region of interest (ROI), which is indicated by a
dashed box.

Region of interest
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04 06 08 1.0 1.2 14 16 1.8 20

Tirne (51
hin=1.5 Max=3.7 Avg=2.5 0=0,739 <—Statistics
Auto Sale 3 Tools  ~|Graphs |

Statistics mode

Two cursors designate the left and right sides of the ROI. The larger cursor isthe
active one and can be moved with the arrow keys or mouse.* As the active cursor
moves, one side of the box moves with it.

The smaller cursor indicates the side of the ROI that does not move.
To switch the active cursor to the other side of the box, hold G=) and press .

Linear Fit When Linear Fit is selected from the Tools menu, a best-fit lineis

applied to the data in the ROI. (See “ Statistics’ above for instructions on setting
the ROI.)

The slope, the Y-intercept, the mean squared error (M SE), and the root mean
squared error (/ MSE) of the linear fit are displayed at the bottom of the screen
aong with the correlation coefficient (r) of the datain the ROI.
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When the Linear Fit is turned on, the special option Create Calculation from Lin-
ear Fit appearsin the Tools menu (see page 22).

Linear Fit can be useful even when the graphed data are not linear (qua-
dratic or exponential, for instance). See “Graph Linearization” on page 47.

Area Tool Select the Area Tool from the Tools menu to measure the area
between the data plot and the X-axisin the ROI. (See “ Statistics’ above for
instructions on setting the ROI.)

For data plotted below the X-axis, the area is measured as negative. The value of
areadisplayed at the bottom of the screen isthe total areaabove the X-axisminus
the total area below the X-axis.
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Derivative Thistool overlays agraphical representation of the derivative (or

rate of change) of the data. In some cases, the Graph may need to be rescaled in

order to seethe overlaid derivative. The Derivative Tool is designed for titration

experiments in which it is necessary to identify apoint in a data set at which the

maximum rate of change occurs. o
Arrow Indicating

] ] ] Trigger Edge
Trigger The Trigger isatool that allows you to control how the GLX collects 8:25:08 Am/smms

QO

XplorerGLY
data. With the Trigger, you make the GLX delay data recording (after you press - /
() until acertain condition is met by theincoming data. The Trigger has two
parameters: Trigger Edge, which can be rising or falling, and Trigger Level,
which specifies the data value that must be crossed. For example, on a voltage
versustime graph, if you set the Trigger Edge to rising and the Trigger Level to 5

Trigger Level

Woltage 0v)
4 |4s

2

Run #1

volts, data recording will not start until the measured voltage rises above 5 volts.

20

1] 0.1 0.z 03 0.4 0.5 0.6

The Trigger can be used in normal graph mode to start continuous recording, or it oS s Lm?r:;s T
can be used in Scope Mode (see page 22) to repeatedly trigger bursts of data col- i

lection. In both modes, the Graph must have time on the horizontal axis. Trigger

To turn on the Trigger, select it from the Tools menu.5 A horizontal dashed line 5The Trigger turns on automatically
appears on the Graph indicating the Trigger Level. Press the up and down arrow when you turn on Scope mode. See
keys to change the Trigger Level. Press the right arrow key to cycle through ris- page 22.

ing edge, falling edge, and disabled. (The Trigger isinitially disabled, so you
must presstheright arrow key at least once to enable it.)

Increase
Trigger Level

Open Trigger @ Enable, Disable, and
Settings Change Trigger Edge

Decrease
Trigger Level



Xplore

The Trigger affects data recording even if you are not viewing the Graph. If you
have set up two or more triggers on separate Graph pages,® data recording will
start when the most recently set trigger condition is met.

Trigger Settings When the Trigger is turned on, you can open the Trigger Set-
tings dialog box by pressing the |eft arrow key (you can also select it from the
Tools menu). In the dialog box, use the arrow keys to highlight Trigger Enabled
and press (V) to enable or disable the Trigger. To change the edge from rising to
falling, or vice-versa, use the arrow keysto highlight Trigger Edge and press
(¥). To set the leve, use the arrow keys to highlight Trigger Level, press (V),
enter the desired value on the keypad, and press (+) again.

You can aso turn on the Stop Condition, which causes data collection to auto-
matically stop at a specified time. To turn on the Stop Condition in the Trigger
Settings dialog box, use the arrow keys to highlight Stop Condition and press
(¥ . When the Stop Condition is on, an icon (@) and vertical dashed line
appear on the Graph indicating the stop time. While viewing the Graph, hold
down (=) and press the left and right arrow keys to adjust the stop time. For the

Stop Condition to work, the Trigger must be turned on (but does need to be
enabled).

When you have finished changing the settingsin the Trigger Settings dialog box,
press (1) to accept the changes, or press (CF2) to cancel them.

Zoom Use the Zoom Tool to enlarge an area that you define by drawing a rect-
angle. Select Zoom from the Tools menu; a zoom cursor (--) appears. Move the
cursor (using the arrow keys) to where you want one corner of the rectangle.
Press (v) . Move the cursor to define the diagonally opposite corner of the rect-

angle. Press () again. The area enclosed by the rectangle enlargesto fill the
screen.

(B~ 1f you have amouse, you do not have to open the Tools menu to zoom.
Just hold down whileyou click and drag on the Graph to draw the rectangle.”

Position the cursor to define one corner.

Press (D. Press (D.
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Zoom Tool

Swap Cursors This option appears in the Tools menu when you are using the
Delta Tool, Statistics, Linear Fit, or Area Tool. When you select Swap Cursors,
the active and inactive cursors swap places, allowing you to move the previously
stationary corner of the Delta Tool or side of the ROI.

To swap cursors without opening the menu: hold @<, press (&, and release
both keys.

Toggle Active Data This option appears in the Tools menu when the Graph is
in one of the two-data set modes (see pages 23-24). Sdlect it to switch focusfrom
one data set to the other. The active data set is the one to which the Data Cursor

r GLX Users’

Move the cursor to define the opposite corner.

l
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Guide

6For information about multiple Graph
pages, see “New Graph Page” on
page 24.

Trigger Edge Fang
Trigger Level ﬂl
i@ stop Condition on M

E)K \ Cancel | |
VD

Trigger Settings dialog box

1:41:44 PM 06/08/06  ¥plarerGLY iy B
_ : Run #1
£ 2
w
= |
= o i
2 : Stop time
= ]
R i
ES I
g i
5 =t ]
z I
<l i

1] 0.z 04 06 0.8
Time (5)

Autn Scale |Scalez‘M0\re ITTools

w12 14

'|Graphs N

Stop condition

See also page 17 for other ways to
scale the Graph with a mouse.

Area enlarges.

2:56:28 Ah 05/24/06 XplorerGLX
=] (19600, 10,53

=]

b [0
Run#1

w
o~
o
=

)

o

0.6 0.7 0.8

Time (51

0.9 1.0

Auto Scale | Scale/Move |TUUls '|Gra|3hs N

E+@

Swap Cursors Shortcut



22

Graph

and other tools are applied. In cases where the two data sets are scaled separately,
the active that is scaled.

To toggle data without opening the menu: hold &), press (v), and release both
keys.

Create Calculation from Linear Fit This option appears in the Tools menu
when the Linear Fit (see page 19) isturned on. Select this option to automatically
create an equation in the calculator based on the slope and y-intercept of the cur-
rently display best-fit line. If the equation of the best fit lineisy = mx+ b,
where misthe slope and b is the y-intercept, then the calculation will take the
form x = (1/m)y —b/m. Thiscaculation will appear in the Calculator and in
data source menus with the name “Linear Fit Cal.” For instructions on working
with calculations, see page 41.

F4 Graphs Menu
The Graphs menu contains options® to control the appearance of the Graph, make

it emulate an oscill oscope, make it plot two data sets simultaneously, manage
multiple pages, and print.

(1) Data Cursar

(2~ Connected Lines ~
@ = Srope Mode

(@ | Two Measurements

(50 |£ Twwa Runs
(&) [ Two Graphs
@ Mew Graph Page
Print
@ Print Al
AutoScale \ Scale/Move \Toots Ml Graphs |

The Graphs menu

Data Cursor Select thisoption to turn on or off the Data Cursor and Coordi-
nates displayed on the Graph. See page 16 for more information.

Connected Lines Select thisoption from the Graphs menu to turn on or off the
lines connecting the data points.

40
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Graph with connected lines (left) and without connected lines (right)

Scope Mode Select Scope mode from the Graphs menu to make the GLX emu-
late adigital storage oscilloscope. In this mode, the GLX collects and displays
datain repeated bursts. The length of the burst and the sample rate are deter-
mined by the time scale of the Graph display. Scope mode can be used with any
sensor to collect bursts of data; it is especially useful with the GLX’s built-in
sound sensor (see page 58) or voltage sensor.

When you turn on Scope mode, the Graph automatically setsitstime range to
30 milliseconds and turns on the Trigger.® It also adjusts the sampling rate of the
displayed sensor so that it will collect about 500 data points (or as many as possi-
ble) in each burst. If you change the Graph’stime scale,’° the GLX automatically
adjusts the sampling rate.

@+

Toggle Data Shortcut

8To select an option from the Graphs
menu

Keypad

1. Press to open the Graphs
menu.

2. Use the arrow keys to move the high-
light to the desired menu option and
press (¥); orpress the number on the
keypad corresponding to the desired
menu option.

Mouse

1. Click “Graphs” at the bottom of the
screen to open the Graphs menu.

2. Click the desired menu option.
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¥plorerGLx

5000

Sound Wave 0
0

Scope mode

9The Trigger is initially disabled. See
page 20 for instructions on enabling and
setting the Trigger.

105ee “F1 Autoscale” and “F2 Scale/
Move” on page 16.
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After you press () , the GLX begins collecting and displaying a series of data
bursts (each burst is enough data fill the Graph from Ieft to right). If you have
enabled the Trigger, the GL X waits for the trigger condition to be met before col-
lecting each burst.

While Scope-mode data collection isin progress, you can change the scale of the
Graph (with CF> Autoscale, (F2) Scale/Move, or the mouse) and you can
change the Trigger settings with the arrow keys.

To stop data collection, press @) again. The GLX will save the last-collected
data burst as Run #1 (or #2, #3, #4, €tc.). You can also use the Trigger’s Stop
Condition (see page 21) to make the GLX stop automatically after collecting a
single data burst.

You can use Scope Mode in conjunction with Two Measurements mode or
Two Graphs mode (see below) to display two traces simultaneously.

Two Measurements Select thisoption from the Graphs menu to put the Graph
into Two Measurements mode. In this mode, two measurements (or data sets) are
graphed simultaneously.

Run Number of
Second Measurement
(select to change)

Run Number of
First Measurement
(select to change)

7:38:56 P* 01/03/00  ¥plorerGly B
=] (0.0000, 33.5)
Run #1 Run #1

5
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Data Source of
<«— Second Measurement
(select to change)

Data Source of
First Measurement —p
(select to change)

0
30 32 M

Farce, push positive (M)
-5
]
26 28
Termperature (°C)

-10

0 2 4 6 g
Tirne (5) == Active Data (black)
“Auoscle BETRMMTeos  fdGaps - | == Inactive Data (gray)

Two Measurements mode

The data source and scale of the First Measurement are displayed on the left side,
and the data source and scale of the Second Measurement is displayed on the
right side. Select either the left or right data source field*! to change the corre-
sponding measurement.

The run number of the First Measurement is displayed in the upper left corner of
the Graph, and the run number of the Second Measurement is displayed in the
upper right corner. To change the run number of either measurement, select the
corresponding run number field.**

One of the measurements is plotted in black, and the other onein gray. The mea-
surement in black isthe active data. To switch activity to the other measurement,

hold &) and press (V).

The Data Cursor appears on the active data. If you select atool from the Tools
menu, it is applied to the active data set. If you press (2D to scale or move ver-
tically, only the active datawill change.'? However, moving the Graph horizon-
tally or changing the horizontal scale will affect both sets.

@/‘ If you are using a mouse, you can switch activity to a measurement by
clicking on the line aboveits run number. Vertically scale each measurement by
dragging its numeric labels (on the left or right side of the Graph).

1170 select a data source field or run
number field:

Keypad

1. Press (¥) to light up the active fields.

2. Use the arrow keys to move the high-
light to the desired field.

3. Press (¥) again to open the menu.
4. Use the arrow keys to move the high-
light to the desired menu option and
press (¥); orpress the number on the
keypad corresponding to the desired

menu option.

Mouse

1. Click the desired field to open the
menu.

2. Click the desired menu option.

12The exception to this rule is when both
data sets are of the same units (both
temperature in °C, for instance); in that
case, both data sets scale together.
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Graph

Typically you would use Two Measurements mode to display data from two
different sources, but you can also use it to display two runs from the same
source. Select the same source from both data source fields, and different
runs from each run number field. For another way to display two runs from
the same source, see “Two Runs” below.

Two Runs Select Two Runs from the Graphs menu to display two data sets
from asingle data source.

In this mode, a second run appears on the Graph. A second run number field
appears in the upper right corner (below the first run number), which you can
select to choose a different run.

One of the runsis plotted in black, and the other one in gray. Therun in black is
the active data. To switch activity to the other run, hold G=) and press (¥). The
Data Cursor appears on the active data. If you select atool from the Tools menu,
it is applied to the active data set.

Both runs share asingle pair of axes and they are scaled and moved together.

@/‘ If you are using a mouse, you can switch activity to arun by clicking on
the line above its run number.

Two Graphs Select Two Graphs from the Graphs menu to display two separate
graphs simultaneously. This mode is similar to Two Measurements mode (see
page 23), but each measurement is plotted on the top or bottom half of the screen,
rather than overlapping.

One of the measurements is plotted in black, and the other onein gray. The mea-
surement in black isthe active data. To switch activity to the other measurement,

hold @) and press (V).

The Data Cursor appears on the active data. If you select atool from the Tools
menu, it is applied to the active data. If you press (2 to scale or move verti-
cally, only the active data will change. However, moving the Graph horizontally
or changing the horizontal scale will affect both sets.

@/‘ If you are using a mouse, you can switch activity to a measurement by
clicking on it.

New Graph Page The GLX supports an unlimited number of graph pages.
Select New Graph Page from the Graphs menu to configure a new graph while
preserving the previous one.

When two or more graph pages exist, each page appears in the Graphs menu. To
make a page visible, select it from the menu.

If added graph pages make the Graphs menu too long to fit on the screen, an
arrow or arrows (W, #%) will appear on the right side of the menu to indi-
cate that some of the menu options are not visible.

Press the up or down arrow key multiple times to move the highlight beyond
the visible portion of the menu. The menu will scroll to bring other options into

view.

(E/‘ If you are using a mouse, you can click the arrows to scroll the menu.

10817 PM 05/24/06  XplorerGlX (3 Do
|
w0 Run #1
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[y Run #2
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Two Runs mode
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multiple pages exist
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Print If thereisa printer connected to the GL X, select Print from the Graphs
menu to print the currently displayed graph page.

Print All Select Print All to print all of the graph pages.

For more information, see “Printing” on page 91.

Delete Graph Page This option is available when two or more graph pages
exist. When you select Delete Graph Page from the Graphs menu, the currently
displayed page is deleted and the next page appears. (If thereis no next page, the
previous page appears.)

Data Annotation

The GLX’s data-annotation capability alows you to attach notesto data pointsin
the Graph display. You can add these notes while you are viewing the Graph
either during or after data collection.'® A note (represented by aflag icon: ) can
include a text message, an audio recording of your voice, or both; it can also be
“empty” (not containing text or audio).

Z1143PM 10/27/05  XplorerGlX YO0
(22,5000, 21.9) Run #1

-
=T
u

mf—_\

Time (51

Auto Scale Tools

Data with notes

Termperature (°C)
an

20 25

'|Graphs N

There are two ways to attach a note to a data point in the Graph display:

«  Press (P) quickly to mark a data point with anicon ([) representing an
empty note. You can later add text and audio to this note.

«  Pressand hold () and begin speaking to mark a point and immediately
record an audio message. When you are finished speaking, release (F).14

In both cases, the note is added at the location of the Data Cursor.15

See page 16 for instructions on moving the Data Cursor. If you are adding
notes during data collection, it is often convenient to have the cursor tracking
the data so that notes are always attached to the most recently collected
point; press the down arrow key to make the cursor track the data.

After you have added a note, you can access its audio and text by positioning the
Data Cursor on it.

GLX Users’ Guide 25

131n order to add a note during data col-
lection, the GLX must be in Continuous

Sampling mode (its default mode), rather
than Manual Sampling mode. See

page 57 for more information.

14The GLX cannot record audio for a
data note when the microphone is con-
figured as a sound sensor or sound level
sensor. See page 58 for more informa-
tion.

15The Data cursor must be turned on
(see page 22) in order to use data anno-
tation.
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A note with the Data Cursor positioned on it

To make the Data Cursor jump directly to anote, hold =) and press one of the

arrow keys. Press &) plus the l€ft or right arrow key to make the cursor jump to
the next visible note in either direction; press &) plusthe up or down arrow key
to make the cursor jump to the first or last visible note. When the cursor lands on
anote, the audio portion (if any) starts playing® and the text portion of the note

(if any) appears.

Annotation Menu

To change any of anote's attributes, position the Data Cursor on the note and
press (F); the Annotation menu will open.

@/‘ If you have a mouse, you can open the menu by clicking the flag icon.

(2 B A by s Shome Text
(2 ] Delete Note

5 ¥ hove

(5 Hide Al Text

(£ B Del All Mates

Annotation Menu
Select!” any of the following menu options.

Edit Note Select this option to open the Note Editor dialog box. There you can
read the text, listen to the audio, enter new text, change existing text, and record
new audio. See “Note Editor Dialog Box” below for instructions.

Always Show Text Thisoption is either turned on (with acheck mark appear-
ing next to it in the menu) or off (no check mark). When the option is on, the
note's text is visible on the Graph even when the cursor is not on the note. To
switch Always Show Text on or off, select it from the Annotation Menu.

Delete Note Select this option to delete the entire note, including the text and
audio portions and the flag icon.

Move Select this option to move the note to a different data point. After you
have selected Move, the flag icon becomes mobile; use the arrow keys (or
mouse) to move theicon to a different datapoint and press (v) to attach it to that
point.

Hide All Text and Show All Text Select either of these optionsto hide or
show the text of all notes in the displayed data run. These options are equivalent
to turning on or off the Always Show Text option for every note.

Delete All Notes Select this option to delete every note in the displayed data
run.

16)f you have not changed the default
setting, the audio plays through the
GLX’s built-in speaker; otherwise it plays
through the output device specified in
the Audio Settings dialog box, which is
accessed from the Settings screen. See
page 87 for more information.

17To select and option from the
Annotation menu

Keypad

1. Position the Data Cursor on the data
note.

2. press (® to open the menu.

3. Use the arrow keys to move the high-
light to the desired menu option and
press (¥D; Or press the number on
the keypad corresponding to the
desired menu option.

Mouse

1. Click the flag icon (F*) to open the
menu.

2. Click the desired menu option.
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Note Editor Dialog Box

Mote textl

Text Portion

Audio Portion ottt }

21376 bytes &—— Audio Size

Audio Duration _>| 2.67 seconds
| Cancel

VD G Gy (R

Note Editor Dialog Box

[#udio Mote ~[Text 5

The Note Editor opens when you select Edit Note from the Annotation menu.

The text portion of the note appears in the upper half of the box. Usethe GLX's
keypad (or an attached USB keyboard) to enter new text or edit existing text.®
Press to open the Text menu, which contains optionsrel ated to entering and
editing text.

(D {pshift

Text Menu

To type a capital |etter, select Shift or Caps L ock.!® To take the keypad out of
multipress text mode (to type only numerals), select Num Lock. To delete the
entire text portion of the note, select Delete Text.

The audio portion of the note is graphically represented in the lower half of the
Note Editor along with the audio recording duration and size. Press CF3) to open
the Audio Note menu, which contains options for recording and playing audio.*

D) # Record Audio Mote
(Z) W Play Audio Mote

(3 X Delete Audio Note
@ Rerard Quality -
51 Record Level -

Audio Note Menu

To record new audio, select Record Audio Note and begin speaking; press CFs)
to stop recording.** When you record new audio, the note's previous audio is
overwritten. To play the audio portion of the note, select Play Audio Note from
the Audio Note menu.2® To delete the audio, select Delete Audio Note.

Two other menu options, Record Quality and Record Level, allow you to set the
GLX’s audio samplerate, bits per sample, and microphone volume before you
record audio. The properties set using these options are identical to those in the
Audio Settings dialog box (which is accessed from the Settings screen); see
page 87 for details.

When you have finished changing the text and audio portions of the note, press
(D to accept changes and close the Note Editor, or press Cr2) to cancel
changes.
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183ee “Multipress Text Input Mode” on
page 90.

19To select an option from the Text or
Audio Note menu

Keypad

1. Press (7D Of to open the
menu.

2. Use the arrow keys to move the high-
light to the desired menu option and
press (¥); Or press the number on
the keypad corresponding to the
desired menu option.

Mouse

1. Click “Audio Note” or “Text” at the bot-
tom of the screen.

2. Click the desired menu option.
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Table

Use the Table to display data, edit or enter data manually, and display statistics
on data sets. The Table can show up to four columns of numeric or text data.

To Open the Table
From the Home Screen, do one of the following:
(P> press CF2), the function key below the Table icon;
@20 usethearrow keysto highlight the Tableicon, then press (X or
@J click the Tableicon.

From anywhere in the GL X environment, you can always get to the Table with
the shortcut (&) +Cr2).

Data Source
Run Number
Data source field
with nothing selected
D:00:19 AM 0y01/00

¥plorerGLx [O]w] =]
Run #1

Faorce, push pasitive (M) -
18,3

181

18,1

17.6

15,8

12.3

94

8 81
Statistics | EditCell [Edit ~[Tables 5

~ M N I b1 =

The Table Display
Choosing Data to Display

The Table can contain up to four columns.2® Each column can be set to display
datafrom one data source. If timeis displayed, it occupies its own column. A col-
umn can also be empty (not set up for any data source).

The active fields described bel ow are used to control what data appear in each
column. (See page 14 for more information about active fields.)

Data Source Select the data source field?! at the top of a column to choose a
sensor measurement, calculation, manually entered data set, or time, or to clear
the column. If no data source is assigned to a column, the data source field
appears as a series of dashes (----).

0:01:12 Ak 01701700 HplorerGLx IO w]—]

Mo Data
Force, push positive :::
(1) § Temperature
»

“Force, push positive

(51 Data Properties...
(€1 Clear Column
B

7
g
Statistics | EditCell |[Edit ~[Tables =

Data Source menu

The Table icon on
the Home Screen

205ee “F4 Tables” on page 31 for
instructions on changing the number of
displayed columns.

2170 select the data source, units, or
run number field

Keypad

1. Press (¥ to light up the active fields.

2. Use the arrow keys to move the high-
light to the desired field.

3. Press (¥) again to open the menu.

4. Use the arrow keys to highlight the
desired menu option and press (¥);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse

1. Click the desired field to open the
menu.

2. Click the desired menu option.
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If the chosen data source does not contain data, the data source name will appear
at the top of the column, but the cells of the column will remain empty until data
collection starts.

Also from the data source menu, you can select Properties to edit the name and
other properties of the currently displayed data set. See “ Data Properties’ on
page 69 for more information.

For more information on selecting data from a data source menu when you
are working with more than one sensor, or with a multiple-measurement sen-
sor, see “Data Source Menus” on page 89.

Units Select the unitsfield?! to choose different units (if available) for the cho-
sen data source.

Run Number Select the run number field?! to choose a different run, or select  Delate Ru,.
No Datato display nothing. ©Rename Run..
Units menu Run number menu
By default, the Table is set to change the displayed run number in all col-
umns whenever you change it in one column. Refer to “Lock Run Selection”
on page 31 to change that setting.
The last two optionsin the run number menu are Delete Run and Rename Run.
See “Run Number” on page 15 for more information.
Table Scrolling
At any time, up to eight cells of dataare visible in each column. Press the up or Scroll up
down arrow key to scroll the Table and make other rows of data visible. Press and Jump to A Jump to
hold the up or down arrow key to make the Table scroll continuously. Press the the top @@@ the bottom
left arrow key to jump to the beginning of the table; press the right arrow key to D
jump to the end. Scroll down
The rules for scrolling are different when an editable column is visible. See
page 35
Table Function Keys Statistics | EditCell |[dit ~[Tabtes 5

D Cmy o R
In the Table, the function keys are used to control the display of statistics, to edit
data, and to set the number of columns.

F1 Statistics

CDMInimur (hAind
(Zhaxirmum thiax)
(Ehwverage (hvg)
(4)5tandard Deviation (@
(S)Count (#)

(E)Show All

(FIHide All
Statistics B

From the Statistics menu, you can choose to display any of the following statis-
tics for the displayed data sets:

e Minimum (Min), the lowest value in the data set,

«  Maximum (Max), the highest value in the data set,

Edit Cell  [Edit ~[Tables B

e Average (Avg), the average of al valuesin the data set, Statistics menu

e Sandard Deviation (c), a measure of how much the data varies from the
average, and

e Count (#), the number of valuesin the data set.
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Table

The chosen statistics will be displayed at the bottom of every column. To choose
adtatistic, select it from the menu.?? To turn off a displayed statistic, select it

again.

Select Show All or Hide All to turn on or off all of the statistics.

10731 Akt 01524700 XplorerGLx O ]
Run #1
Temperature (°C)

1 26.9

2 JB.6

3 26,5
fulin 26.3
[E 272
Biig 6.8
a 0.3
# 11.0

Statistics | Edit Cell [Edit ~[Tables 5

Table with statistics displayed

F2 Edit Cell

When you are navigating in an editable column, press Cr2) to edit the selected
cell. See “Manually Entered Data” on page 32 for instructions on editing data.

F3 Edit

The options in the Edit menu are used when editing or entering data. See “Manu-
ally Entered Data’ on page 32 for more information.

New Data Column Select New Data Column from the Edit menu to create an
editable data set. See “Manually Entered Data’ on page 32 for more information.

Insert Cell Insert Cell works only when the dashed Navigating Box is visible?3
(see page 34). When you select Insert Cell, anew cell isadded directly above the
Navigating Box. If the column contains numeric data, the new cell will contain
the number 0. If the column contains text data, the new cell will be blank. Every
cell below the new cell shifts down by one position.

Delete Cell Delete Cell works only when the dashed Navigating Box is
visible?® (see page 34). When you select Delete Cell, the cell that the Navigating
Box ison is deleted. Every cell below the deleted cell shifts up by one position.

Num Lock Num Lock isonly available in the Edit menu when an editable col-
umn is displayed. When Num Lock is turned on (which it is by default), a check
mark (.#) appears next to it in the menu, and the keypad operates in numbers-
only mode.

When Num Lock is turned off, the keypad can be used in multipress text input
mode (see page 90) to enter numbers and letters. To turn Num Lock on or off,
select it from the Edit menu.

Caps Lock CapsLock isonly available in the Edit menu when an editable col-
umn is displayed. When Caps Lock isturned on, a check mark () appears next
to it in the menu. When used in multipress text input mode, the keypad inputs
capita letters.

2279 select a statistic from the Statis-
tics menu:

Keypad

1. Press (/) to open the Statistics
menu.

2. Use the arrow keys to move the high-
light to the desired statistic and press
(¥); orpress the number on the key-
pad corresponding to the desired sta-
tistic.

Mouse

1. Click “Statistics” at the bottom of the

screen to open the Statistics menu.
2. Click the desired statistic.

Meve Data Colurmnn
Insert Cell
Delete Cell

Statistics T EditCell  [5sfis Wi Tables N

Edit menu

23To make the Navigating Box appear in
an editable column, press G=).
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(2 Show Time

Date/Time
& LockRunSelection  «
& One Column
5 Two Columns v
(&) Three Columns

(7 Four Columns
(2 £ Export All Data. .
Z Print
Print All
Swtistics 7| Editcell [Edit frables |

CF

Tables Menu

Xplorer

From the Tables menu, you can select to display one, two, three, or four col-
umns.?* If you increase the number of columns, new columns are added to the
right side (the GLX automatically selects data sources, if available, for new col-
umns). If you decrease the number of columns, they will be removed from the
right side (the data displayed in those columns disappears, but is not be perma-

nently deleted).
1:25:06 A 01/24/00 XplorerGLX {0 B = 1:26:32 Al 01/24/00 XplorerGLx {0 p 0 B e
Fun #1 Fun #1 Fun #1
Temperature (°C) Time (s) Temperature (°C)
1 3548 1 0,0000 3548
2 359 2 0.5000 359
3 3548 3 1.0000 3548
4 359 4 1.5000 359
5 3548 5 2,0000 3548
3 359 3 2,5000 359
7 3548 7 3.0000 3548
g 359 g 3.5000 359
Statistics T EditcCell |Edit '\Tables N Statistics = EditCell |Edit '|Tahles N
1:26:58 AM 01/24/00 XplorerGLX {0 B = 122727 Al 01/24/00 XplorerGLx {0 p 0 B e
Fun #1 Fun #1 Fun #1 Run #1 Run #1 Run #1 Fun #1
Time (s “emperatun (°C) |ative Press (kPa) Time (53 |nperab °C)[we Pre (kPa) |, push po i)
1 0.0000 5.8 0.0 1 0.0000 5.8 0.0 236
2 0.5000 35.9 0.0 2 0.5000 35.9 0.0 4.8
3 1.0000 5.8 0.0 3 1.0000 5.8 0.0 27.0
4 1.5000 35.9 0.1 4 1.5000 35.9 0.1 3.2
5 2,0000 5.8 0.0 5 2,0000 5.8 0.0 286
3 2,5000 35.9 0.0 3 2,5000 35.9 0.0 8.6
7 3.0000 5.8 0.1 7 3.0000 5.8 0.1 254
g 3.5000 35.9 0.3 g 3.5000 35.9 0.3 124
Statistics <] EditCell |Edit ~[Tables = Statistics <] EditCell |[Edit ~[Tables =

Other options in the Tables menu are described bel ow.

Tables with one, two, three, and four columns

Show Time Select Show Time to add a column of time datain the left-most
position.?® If there are four columns displayed when you select Show Time, the
fourth column will be removed and the other three columns will shift to the right
to make room for the time column on the | eft.

Date/Time To turn on this option, select it from the Tables menu. With the
option turned on, times displayed in the Table appear as the date and time of day
at which each data point was recorded. With the Date/Time option turned off,
time data appears as measured from the start of data collection.

The Date/Time format is set in the Settings screen. See page 85.

Lock Run Selection When Lock Run Selection is on (which it is by default),
all data columns will display the same run number, and changing the run number

GLX Users’

Guide

24To select an option from the Tables

menu

Keypad

1. Press to open the Tables menu.
2. Use the arrow keys to move the high-
light to the desired menu option and
press (¥); orpress the number on the
keypad corresponding to the desired

menu option.

Mouse

1. Click “Tables” at the bottom of the
screen to open the Tables menu.
2. Click the desired menu option.

25To show time in a column other than
the first one, select it from the data
source menu at the top of the desired
column. See “Data Source” on page 28
for more information.

4:0217 PM 10/27/05  XplorerGLX ¢} & Biegx
Run#1
Time Temperature (°C)

1[10/27/05 3:56:14 PM 25.9
2(10/27/05 3:57:14 PM 23.7
3(10/27/05 3:58:14 PM 23.8
4|10/27/05 3:59:14 PM 23.8
5(10/27/05 4:00:14 PM 24.0
6(10/27/05 4:01:14 PM 24.0
7(10/27/05 4:02:14 PM 24.0
8

Statistics | EditCell |[Edit ~[Tables i

Table with Date/Time option
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of one column will cause all of them to change.?® To turn Lock Run Selection off
or on, select it from the Tables menu.

Export All Data If you have a USB storage device?” (such asa USB flash
drive), you can use this option to export data in tab-delimited text format. The
GLX creates atext file on the storage device that you can open on a computer in
a spreadsheet, mapping software, DataStudio, and other programs.

See page 83 for other ways to save and open data on a USB storage device.

Connect the storage device to the GLX’s USB port and select Export All Data
from the Tables menu. A dialog box appears showing which data sets will be
exported. Highlight any of these data sets and press (v) to excludeit. To select
other data sources for exporting press CF2) to add a single data source or press
to add all data sources that have been set to “visible” in the Sensors screen.
Press (/) (OK) to create the export file on the USB storage device.28

Before exporting data for use with mapping software, display time in the first
column and turn on the Date/Time option (see page 31).

To view the exported data, disconnect the storage device from the GLX and con-
nect it to a computer. You will find the text file at the root level of the storage
device. Itsfilename encodes the date and time at which the data was exported; for
instance, if you exported data on October 28, 2005 at 11:22:53 AM, the filename
will be “Export10282005112253.txt". You can open thisfilein atext editor,
spreadsheet, or other program designed to import tab-delimited data.?®

Print If thereisa printer connected to the GL X, select Print to print one page of
data. The GLX will print the data that are visible on the screen, plus as much
additional data as will fit on one page.®°

Print All Select Print All to print the entire contents of the displayed data sets,
including data that are not currently visible on the screen (data that you would
have to scroll up or down to see). If necessary, the GLX will print multiple pages.

Manually Entered Data

In addition to collecting data from sensors, the GL X allowsyou to enter datain
the Table display viathe keypad or an attached keyboard. Any data that you have
entered can later be edited.

Entering a New Data Set

Creating a New Data Column Before you can enter data, an editable data
column must exist. To create one, press CF3) to open the Edit menu and select
New Data Column.

The keypad shortcut for creating a new data column is (), G, pressed in
sequence.

The new editable column takes the place of the first blank column in the Table. If
thereis no blank column, and there are three or fewer other columns, the new
editable column is added on the right side of the table. If the Table is aready dis-
playing four columns, the new editable column replaces the fourth column.

263ee “Run Number” on page 29 for
instructions on changing the run number
displayed in a column.

2TThe USB storage device must be for-
matted using the FAT16 or FAT32 file
system. Most flash drives are formatted
this way. Other mass-storage devices
such as portable hard drives and audio
players may also be compatible. You can
use a USB card reader, however the
card must be in the reader before you
connect the reader to the GLX.

281f you export data while data collection
is in progress, the text file will contain the
data collected up to that point, and the
GLX will continue to collect data.

29To import the file into DataStudio, open
the File menu and select Import Data.

30For more information on printing, see
“Printing” on page 91.

Create —» [EREE e ey
an editable |@ insertcen
data column|@  Delete cell

) @ Murn Lock

(5 @ Caps Lock

Statistics T Edit Cell  |EuliE WTables
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Entering Numeric Data In a New Column In the new editable column, you
will see abox around the first cell and a blinking cursor inside the cell.

1

Type a number on the keypad (or attached keyboard), then press ().

When editing data in the Table, (=) has the same effect as ().

The box and cursor will step to the next cell in the column. Enter another
value and repeat.

When you are finished, press &). (You must press () to lock in the last
value before you press G=).)

If you would like to change or add to the data after you have pressed G),
refer to “Editing an Existing Data Set” on page 34.

Entering Text Data in a New Column In addition to numeric data, the Table
allows you to create a column of text.

1

2.

Create a new data column as described on page 32.

Press (F3) to open the Edit menu. If Num Lock isturned on, select it to turn
it off and enable multipress text input mode. (If you are using an attached
keyboard, this step is unnecessary.)

For more information, see “Num Lock” on page 30 and “Multipress Text Input
Mode” on page 90.

Type a non-numeric string of text and press (V).

The non-numeric text string can contain numerals, but it must have at least
one letter or punctuation mark, so the GLX knows that it is supposed to be
text. This limitation applies to only one cell in the column. After non-numeric
text has been entered in one cell, the GLX will treat everything in that column
as text, even if it looks like a number.

A dialog box will appear, reading: “ Treat this column astext data?’ Press
(D to select OK.

The column is now configured to contain text data. If you enter a numeric
valueit will be treated astext only. You can recognize atext-only data set by
its left-justification (contents appear on the left side of the column) as
opposed to numeric data, which is always right-justified.

Continue entering text in subsequent cells. Press (v) after you typein each
cell to lock in that text string and step to the next cell. You can press (+) on
ablank cell to leave it empty.

When you are finished entering data, press &<). (You must press () to lock
in the last value before you press G=).)

If you would like to change or add to the text data after you have pressed
@&, refer to “Editing an Existing Data Set” on page 34.
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Table

Naming Manually Entered Data and Adding Units

By default, new editable data setsare named “Data 1,” “Data2,” etc., and they do
not have defined units. To change the name and add units, open the data source
menu and select Data Properties.3!

For more information, see “Data Source” on page 28, and “Data Properties”
on page 69.

Editing an Existing Data Set

The above section, “Entering a New Data Set” starting on page 32, describes
how to create and enter data in a new column. This section describes how to
change and add to a manually entered data set that has previously been cre-
ated.

Whenever you have one or more editable columns displayed in the Table, one of
the editable cells is surrounded by a box. The box is either an Editing Box (solid
lines) or a Navigating Box (dashed lines).

Editing Box The Editing Box®? isdrawn with solid lines, and always containsa
blinking cursor. It may be on acell that already contains data, or it may be on an
empty cell.

To move the Editing Box to a different cell, refer to “Navigating Box” below.

If the Editing Box is on an empty cell, anything that you type on the keypad (or
attached keyboard) will appear in that cell.

When the Editing Box is on a cell that already contains data, what you type will
either replace or amend the contents of the cell, depending on whether the con-
tents are highlighted.

« If the cell contents are highlighted, they will be replaced by any number or
text that you type. If you press (@), the entire contents of the cell will be
deleted.

« If the cell contents are not highlighted, they will be amended at the location
of the blinking cursor. If you press (@), the character to the left of the cursor
will be deleted.

By default, when the Editing Box appears on acdll, the contents (if any) are high-
lighted. To remove the highlight, press the left or right arrow key, then use the
left or right arrow key to move the blinking cursor to the position where you
would like to make an edit.

After you have changed the cell contents, you must press () to lock in the
change. If you want to cancel the change, or |eave the cell without entering data,
press &) instead of (V).

If the contents of acell are not highlighted, you can restore the highlight by
pressing Cr2D.

Navigating Box The Navigating Box® is drawn with dashed lines. Use the up
and down arrow keysto move it within an editable column. Use the left and right
arrow keys to move it to other editable columns.

31To open the data source menu and
select Data Properties

Keypad

1. If the blinking cursor is visible,
press @&).

2. Press (¥) to light up the active fields.

3. Use the arrow keys to move the high-
light to the data source field.

4. Press (¥) to open the menu.

5. Use the arrow keys to highlight Data
Properties and press (¥); or press
the number on the keypad corre-
sponding to Data Properties.

Mouse

1. Click the data source field to open the
menu.

2. Click Data Properties.

32| you do not see the Editing Box,

press (2.

78
Data 2
4
3
100
4
2
0
|
7@ <
Data 2 Data 2
4 4
6 3
| 1od
4 4
2 2
1] 1]
The existing The existing
contents will contents will
be replaced be amended

33|f an editable column exists, but you do
not see the Navigating Box, press G=).
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1:30:39 AR 01401700 JplorerGLx A w] =]

Va Za
Data 1 Data 2
Use the arrow keys™ 1 auigator 4

to move the 2| beetle

3

Navigating Box 3|centipede 100
\ dog 4

2

3
& [fish 0
7

g
Statistics | EditCell [Edit ~[Tables 5

Position the Navigating Box on a cell where you would like to enter or edit data,
then press CF2) to make the Editing Box appear. To restore the Navigating Box,

press ).

If you would like to add data to the bottom of a data set, position the Navigating
Box on the first empty cell below the existing data and press CF2).

Table Scrolling with Manually Entered Data

At any time, up to eight cells of dataare visible in amanually entered data col-
umn. Aswith regular Table scrolling (see page 29), use the up or down arrow key
to scroll the Table up or down and make other rows of data visible.

To scroll the Table when manually entered data column is displayed, the dashed
Navigating Box must be visible.3* To scroll up, press the up arrow key repeatedly
(or press and hold it) to move the Navigating Box to the first visible cell, then
continue to press (or hold) the key. To scroll down, press the down arrow key
repeatedly (or press and hold it) to move the Navigating Box to the last visible
cell, then continue to press (or hold) the key.

11:33:57 AW 01/26/05  plorerGLX  {7}@ Do 11:40:09 AW 0172605 XplorerGlY 1@ Do

< @ 7@

Dafa 1 Datal
1wk 100 10 100
11 110 11 110
12 120 12 120
13 130 13 120
14 140 14 140
15 150 15 150
16 160 16 160
17 170 T 170

Statistics | EditCell  [Edit ~[Tables 5 Statistics 7| EditCell [Edit ~[Tables 5

Press <A to scroll up Press &> to scroll down

All columns scroll together. The Table will not scroll past the bottom of the col-
umn containing the Navigating Box. In the table picture below, the Navigating
Box is at the end of the shorter data column. To scroll the Table down, press the
left arrow key to place the Navigating Box on the longer manually entered col-
umn.

11:47:26 Akd 01/26/05 ¥plorerGLx {0} O e

sa Jd
Data 1 Data 2
8 a0 16
:] 90 18
10 100 20
11 110 22
12 120 24
13 130 26
14 140 28
15 s0f T

Statistics | EditcCell |Edit ~|Tables -]
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Data 2

Za

Data 2

Press (72D to edit
this cell

Press (72 to add
to this data set

34|f the Navigating Box is not visible,

press G).
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Table

Graphing Manually Entered Data

Numeric Data After you have created an editable numeric data set in the Table,

you can display it in the Graph. In the Graph, select the editable data from the
horizontal or vertical data source menu (see page 15).

Text Data A text data set can be displayed on the horizonta axis of the Graph.
First select a numeric data as the vertical data source, then select the text data as
the horizontal data source (see page 15). The text from each cell of the Table
appears on the Graph as a label next to the corresponding data point.

0:02:42 Ahd 01701700 HplorerGLx e B e
(6, 29.9) Run #1

32 34

Ternperature (°C)

30

28

Data1 0
Autn Scale |Scatez‘Mo\re |Tools '|Graphs -

Graph displaying manually entered
text data on the horizontal axis
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Digits Display

Use the Digits display to show data from up to eight data sources. This display
monitors and shows live data even when the GL X is not recording.

Data Source Units

Temperature (°C)

Two |  Four | sk | Eight

Digits display

To Open the Digits Display
From the Home Screen, do one of the following:

(20 use the arrow keys to highlight the Digits icon, then press (\); or

g/ click the Digitsicon.
Choosing Data to Display
Data Source Select the data source field®® at the top of each section to select a

data source. A data source would usualy be a sensor measurement or a calcula-
tion based on a sensor measurement.

Sensor measurements or calculations based on sensor measurements can
vary while data collection is in progress. If you select a static data source
(such as manually entered data), the Digits display will show only the last
data point.

For more information on selecting data from a data source menu, see “Data
Source Menus” on page 89.

Also select the data source field to access the Data Properties of the displayed
data. See “Data Properties’ on page 69 for more information.

Units Select the unitsfield® at the top of each display to select different units
for the selected data source (if available).

Digits Function Keys

Press (F>, (2>, (R, or to divide the display into two, four, six, or
eight segments. The GL X automatically selects data sources, if available, for new
segments.
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Digits
The Digits icon on
the Home Screen

35To select a data source field

Keypad

1. Press (¥) to light up the active fields.

2. Use the arrow keys to move the high-
light to the data source or units field.

3. Press (¥) again to open the menu.

4. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse

1. Click the data source or units field to
open the menu.

2. Click the desired menu option.
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Meter

The Meter display simulates an analog meter with a needle that deflects in pro-
portion to a sensor measurement or sensor-based cal culation. This display moni-
tors and shows live data even when the GL X is not recording.

Data Source  Units

11:27:04 AW 02/04/03 lXploLrGLx @ B
Woltage (W)

""'”U,rf 100
/

i/

/

=100

;
\\\\
§

1.19

Autn Scale | Feset | | Print

Meter display

To Open the Meter Display
From the Home Screen, do one of the following:
(2D usethearrow keys to highlight the Meter icon, then press (\; or

g/ click the Meter icon.

Choosing Data to Display

Data Source Select the data source field®® at the top of the Meter display to
select a data source. A data source would usually be a sensor measurement or a
calculation based on a sensor measurement.

Sensor measurements or calculations based on sensor measurements can
vary while data collection is in progress. If you select a static data source
(such as manually entered data), the Meter display will show only the last
data point.

For more information on selecting data from the a data source menu, see
“Data Source Menus” on page 89.

Units Select the unitsfield® at the top of the display to select different units for
the selected data source (if available).

Auto Scale and Reset
Press (/1) to automatically scale the Meter. If the GLX is recording data, the
lower and upper limits of the meter will be reset to equal the lowest and highest

values measured thus far in the current or most recent data run. Press CF2) to
restore the default scale.

Print

Press to print the Meter. See page 91 for more information.

“/

The Meter icon on
the Home Screen

36To select a data source or units field

Keypad

1. Press (¥) to light up the active fields.

2. Use the arrow keys to move the high-
light to the desired field.

3. Press (¥) again to open the menu.

4. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse

1. Click the desired field to open the
menu.

2. Click the desired menu option.
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Chapter 2: Utility Screens

This chapter describes the Output screen, Calculator, Notes screen, and Stopwatch.

Output

The Output screen is the control panel for generating sound through the GLX's
built-in speaker or through headphones or amplified stereo speakers connected to
the signal output port.

To Open the Output Screen
From the Home Screen do one of the following:
(2D use the arrow keys to highlight the Output icon, then press (X; or

C§/ click the Output icon.

Navigating in the Output Screen

2:37:07 P 05/24/06 XplorerGLx (o £
Qutput Settings

Qutput Device Internal Speaker

OU_tpUt Waolume
Settings Speaker Configuration Mano e
Left Output Channel Right Output Channel
Left wavefarm — [Sine ~||waveform  |Sine | Right
Qutput Freq. (Hz) 440,0||Freg. (Hz) 440.0 Output
Channel Phase (Deg) o] |Phase @eg) i [ Channel
on | | an | -

The Output screen isdivided into three parts: Output Settings, Left Output Chan-
nel, and Right Output Channel. There are three controls within each part, for a
total of nine controls. One of the controlsis always highlighted. Use the arrow
keys to move the highlight. Press () to select the highlighted control. If amenu
opens, use the up and down arrow keys to highlight the desired setting and press
(Y. If acursor appears, type the desired value and press (). The Volume, Fre-
quency, and Phase controls can also be set using (+) and (=.

@/‘ If you are using amouse, click the control that you would like to set; then
click the desired menu option, or type the desired value.

Output Function Keys

F1 and F3 On/Off

Press (£ to turn the | eft channel on or off, press CF3D toturnthe right channel
on or off.

F2 and F4

When the Freguency control for the left or right channel is highlighted, press
D or to set the step size for that channel. From the menu that opens,
select one of the step sizes or select Custom Step to enter any value. The step size
determines the amount by which the frequency changes when you press (+),

(=, ®, or (1D (see“Frequency” below).
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Qutput

The Output icon on the

Home Screen

On

Fe%1 1 on B

&ED

> B

Output function keys
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OQutput

Output Settings?

Output Device

Highlight the Output control and press () to select the output device that you
are using.

Headphones Select thisoption to play sound through headphones connected to
the signal output port on the left side of the GLX.

Internal Speaker If thereis nothing connected to the signal output port, select
Internal Speaker to play sound through the GL X’s built-in speaker.

External Speaker Select this option to play sound through a pair of amplified
stereo speakers connected to the signal output port.

Power Amplifier Selecting this option puts the Output screen into a special
mode for the optional GLX Power Amplifier.

Volume

The Volume setting determines the overall loudness of the output sound. High-
light the Volume control and press (+) or (=) to change it incrementally; or
press (V) to select the desired volume from a menu.

Speaker Config

When Output Deviceis set to Headphones or External Speaker, the two options
for Speaker Config are Stereo and Mono. When Output device is set to Internal
Speaker, Mono isthe only option. In Mono configuration, the signals from both
channels are combined within the GL X ; both external speakers or both sides of
the headphones play the same combined signal. In Stereo configuration, the Left
Output Channel plays through the | eft speaker or the left side of the headphones,
and the Right Output Channel plays through the right speaker or the right side of
the headphones.?

Left and Right Output Channels

Wave

Highlight the Ieft or right Wave control and press () to set the wave form of
each output channel. The options are Sine, Square, Ramp, and Triangle.

Frequency

Highlight the left or right Frequency control and press @ o to change the
frequency up or down by the value specified above (/2> or (F0; press (X) or
(1) to multiply or divide the frequency by that value. To enter the frequency
directly, press () . The frequency can be set between 240 and 5000 Hz for the
internal speaker, or between 60 and 5000 Hz for external speakers and head-
phones.

Phase

Highlight the left or right Phase control and use (+) or (=) to adjust the phase up
or down, or press (+) and enter the desired phase. The phase of each channel
can be set between -360° and 360°.

1The output settings in the Output
screen can also be changed in the
Audio Settings dialog box, accessed
from the Settings screen (see page 87).
When you change the settings in one
location, they are automatically updated
in the other location.

Signal output port
for headphones or
a pair of stereo
speakers

2If you are using stereo headphones to

demonstrate beats or destructive inter-

ference, set Speaker Config to Mono so
that each ear can hear both tones.

Sine /\/\/

Square|7777777777

o // e
Triangle /\/\/

Output wave forms
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Calculator

You can usethe GLX Calculator like aregular calculator for finding the result of
asimple expression, like a graphing calculator for plotting equations, and for per-
forming operations, in real time, on streams of data collected from sensorsand on
sets of manually entered data.

To Open the Calculator
From the Home Screen, do one of the following:
(P> press CFD, the function key below the Calculator icon;
@@@ use the arrow keys to highlight the Calculator icon, then press (); or
@J click the Calculator icon.

From anywhere in the GL X environment, you can always get to the Calculator
with the shortcut (@ +CF3) .

Types of Calculations

The Calculator supports four types of calculations: basic, algebraic, graphing,
and sensor-based. The following examples will demonstrate the four types.

Basic Calculations

Basic calculations involve only numerals (no constants or variables). Open the
Calculator and try this:

e Onthefirst blank line, type:

1+1 &

The Calculator responds by adding an equal sign and the result. It also dis-
plays the result at the bottom of the screen. Notice that the cursor has moved
to the next line.

e Onthenextlinetype:

9*x(8+3) >
To type the multiplication symbol (the asterisk), press ().

For the parentheses, press (/> once to open the first Functions menu?; use
the arrows to highlight the pair of parentheses, then press @-

Note that (=) hasthe same effect as (V).
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DDDE

o

jm]

]
Calculator

The Calculator icon on
the Home Screen

aoo
o

0:57:21 Akt 01/07/00 XplorerGLX e B e

1+1 = 2000000 <€—Result is added to the
| entered expression

Cursor moves

to next line
~ Calculation is complete, 2000000 ﬁ
Functions | [Data] [T Graph  [Edit N
Result also
indicated here
sing) cos() tanQ *

arcsing arccosi arctan( L

~2 log {Lg]e] |
sgqriQ 10 e | )

Functions [Data] \ Graph /|E|j|t E
7/

@ Pair of parentheses

First Functions menu

3For more information on the Functions
menus, see page 48.
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*  Presstheup arrow key to put the cursor back on the above expression and D00SEAM 01/01/00  XplorerGly gt @ E=s
modify it to read: +(g+2) = 59.000000
9*(9+3)

When you type something into the middle of an existing expression, the new
characters are inserted without overwriting anything; press to delete the

characters that you don’t want. - Calculation is complete.99,000000 a
Functiohs | [Data] \ Graph |Edit =

Note that the correct result does not appear until you have moved the cursor This expression has just been
modified, but the user has not yet

to adifferent line by pressing (=) or (), or the up or down arrow key. orossed (5 of (o oo it anpoars o
show an incorrect result.

Algebraic Calculations

Algebraic calculations involve symbols (letters or words) standing for constants.
When you enter an algebraic expression, the GL X fillsin theresult if it knows
the value of every symbol used in the expression. If it does not know the value of
asymbol, it will prompt you to enter it.

If you are entering an equation to be graphed, leave one symbol undefined.
See “Graphing Equations” on page 44 for more information.

Try these examples:

o Type L[ v : =
P . : d
% [ A ]

a+3 @ y=2u43 =2 y=sin(a) | y=e*y sinke)

Funirtinns [Data] \ Graph |E|jit B

For the a symbol, press CF7> twice to open the second Functions menu. Use CF)e—press twice
the arrow keysto highlight a, then press (. Second Functions menu

For more information on the Functions menus, see page 48.

The Calculator does not know the value of a, so it prompts you with:

o223 A 01401700 ¥plorerGLx e B =

as= a+2 = B.000000
a=5
|
Type:
5
The Calculator fillsin the result of the original expression. + 3 =5.000000 A
Functiomns | [Data] | Graph |Ecllt B
e Try entering a new value for a on the next line:* The Calculator fills in the result of a+3

when the value of ais entered.
a=6®

Note that the origina expression still reads

a+3=8 4For the a symbol, press (F2) twice
and select it from the second Functions

menu.
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When there is more than one definition for the same symbol, the calculator
uses the first definition. To avoid confusion, do not define a symbol more
than once. If you want to change the value of asymbol, use the arrow keysto
go back to the original definition and change it.

20642 AM 01/01/00 HplorerGly M@ B
a+3 = 8.000000
Do not a=5
do this <K |._¢
+ 3 = £,000000 a8
Functions | [Datal | Graph |Edit N

When you are prompted for the value of a symbol, you can enter another
expression rather than a simple number. Type:®

b+3 @

When prompted for the value of b, enter:

1+1 &

The Calculator displays the value of b at the bottom of the screen and fillsin
theresult of b + 3 on the line above.

Rather than a simple expression, you can enter a complete equation for the
Calculator to evaluate. Enter:6

z=y*2 D
When prompted for the value of y, enter:
4O

The Calculator indicates the value of y at the bottom of the screen. To see the
value of z at the bottom of the screen, use the up arrow key to put the cursor
on the definition of z

GLX Users’ Guide 43

SFor the b symbol, press CF2) twice
and select it from the second Functions
menu.

Calculator fills in result
0:25:34 AM DA KplorerGLY  {}@ e

b+3 = 5000000
b=1+1

~ b= 2,000000 a
[Datz] |  Graph  [Edit -

Functions |

Value of b

8For the z or y symbol, press (F2)
twice and select it from the second

Functions menu.

0:03:21 AM 01401400 XplorerGLy {0 e 0:02:49 AN 01/01/00 XplorerGly  {fy@ e
z=y*2 Cursor—=p[; = y+2
v =4 y=4
Cursor—|
¥y = 4.000000 a 2= 8.000000 (5]
Functinns | [Data] | Graph |E|jit B Functini | [Data] | Graph |E|j|t B
Value of y Value of z

Reposition the cursor to see the value of z
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Calculator

* A symbol does not have to be a single letter. The Calculator will recognize
any text string (without spaces) as a symbol, including text strings that con-
tain numerals. (To type text on the keypad, see “Num Lock” on page 50.)

0;05:18 Ahd 01/01/00 HplorerGLx A oI==]

rnass*e.8 = 45.000000

mass =5

forcel-force2 = 1,000000

forcel =4

force2 =3

~ force? = 2,000000 B8
Functions | [Drata) | Graph |Edit ~

Examples of text strings used as
symbols in algebraic calculations

Graphing Equations
If you enter an equation that contains one undefined variable to the right of the
equal sign, the GLX can graph it.
«  Type’
y=m*x+b
e When prompted, assign numeric values for m and b, but not for x.

«  Pressthe up arrow key to placethe cursor ony = m * x + b and press (Fo.
The equation is plotted in a preview graph in the lower half of the screen.

The preview graph will always show the eguation that the cursor ison.
(Move the cursor down to m and see what happens.)

0:01:58 Akd 0101700 XplorerGLx {24 B
Cursor—py = m*xtb
m =1
¥ =
~ Calculation is O (as a model) a

1] 1 2 3 4 5
0

Functions [Data] Graph Edit B

The preview graph shows the equation
that the cursor is on

Press (F2) again to turn off the preview graph.

e Thepreview graphisasimplified version of the Graph screen, without all of
the scaling and analysis features.® For the normal full-screen Graph, press
+(F, then select the calculation (&) from the data source menu of
the vertica axis.

"For the ¥, m, x, or b symbol, press
twice and select it from the sec-
ond Functions menu.

0:01:15 Ak4 01/01700 JplorerGLx G}CE)EI-
¥ = m*xth
m=1

<— x is undefined
2

b3
b

[&lEnter a calculation expression a
Functions | [Datal | Graph  [Edit N
Enter values for m and b, but not x

8if you are using a mouse, you can scale
the preview graph by direct manipulation
(see page 17).
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See “Data Source” on page 15 for more information about selecting data in
the Graph.

001234 At 01/01/00  ¥plorerGly {3 =
= (5.48, 7.48)

A Data Properties..,

e
0 1 2 3 4 5
<ol
A uto Scale | ScalesMove |T00ls '|Gra|:|hs 7

— In the Graph, select the calculation from
the data source menu

e You don't have to use x as the undefined variable; whichever symbol you
leave undefined on the right side of the equation will be plotted on the hori-
zontal axis. However, the label on the horizontal axiswill awaysread “x,”
even if the variable used in the calculation is not x.

Do not leave more than one symbol on the right side of the equation unde-
fined. If you do, the graph will use both of them as model ranges with confus-
ing results.

* Thetext ontheleft side of the equation does not have to bey. The text to the
left of the equal sign is the name of that calculation, and will appear asthe
vertical axis label on the Graph. It can consist of any combination of letters,
numerals, and spaces.

If you are defining more than one equation to be graphed, use different text
on the left side of each equation so that you can distinguish between them in
the data source menu of the Graph.
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#—> source menu of the
Graph by its unique -

ZERb
2 [l quad function

name |
1] 2 4 [ g
[ Enter a calculation expression a
Functions | [Data] | Graph |E|:I|t - Auto Scale |Scatex‘Mo\re |Tools '|Graphs -

Sensor-based Calculations
You can create a calculation to automatically transform any data collected by a
Sensor.

«  Connect atemperature probe to one of the ports on the left side of the GLX.
Press () to collect data for afew seconds. Press ) again to stop.
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«  Open the calculator. On the first blank line, enter:®
d = [Temperature (°C)]- 20

Instead of typing “[ Temperature (°C)]”, select it from the [Data] menu.*?

ﬂ Temperature
Functions [Data] Graph

Edit.

Functions [Data] Graph Edit

Open the [Data] menu; select Temperature and °C

«  Pressthe up arrow key to place the cursor on the calculation. Press CFs) to
view the calculation on the preview graph. Note how the cal culated data dif-
fers from the original temperature data.

«  Press (@ +CF to open the full-screen Graph. Press (¥) twice to open the
vertica data source menu and choose the calculation (see right).

See “Data Source” on page 15 for more information about selecting data in
the Graph.

«  Press (™ to begin collecting data again. Note that the calculation is per-
formed in real time on the new data.

e Cadlculations have no units by default. To assign unitsto a calculation, select
Data Properties from the data source menu in the Graph (see “Data Proper-
ties” on page 69).

* Inaddition to sensor-collected data, cal culations can operate on other data
sources, such as manually entered data sets, other calculations, and time. To
insert any data source into a calculation, press (F2) and select it from the
[Data] menu.

Uses of Sensor-based Calculations

Shift Data Vertically Inthe example above, the sensor-based calculation sub-
tracts 20 °C from the measured temperature. This calculation might be used in an
experiment where the difference between the measured temperature and room
temperature is of interest (a study of Newton’slaw of cooling, for instance). The
calculation in the exampl e shifts the temperature graph down by 20 °C.

Time-shift Data When a data plot appears on the Graph with Time on the hori-
zontal axis, the plot can be shifted right or left with atime-based calculation.

For example, the graph shown at theright is from an experiment in which atem-
perature probe was dipped into warm water, then removed, wiped dry, and
alowed to cool. The relevant data start after the probe was dried, about 14 sec-
onds from the start of data collection. To make the analysis simpler, the graph
needs to be shifted left so that the relevant data start at time zero. To do so, create
the calculation below. (To insert [Time (s)], press (2> and select it from the
[Data] menu.)

[Time (s)] - 14

9For the d symbol, press (7 twice and
select it from the second Functions
menu.

1070 select Temperature from the
[Data] menu

Keypad

1. Press (F2) to open the [Data] menu.

2. Use the up or down arrow key to high-
light Temperature and press (¥); or
press the number on the keypad cor-
responding to Temperature.

3. The units menu will open. Use the up
or down arrow key to highlight °C and
press (¥); orpress the number on the
keypad corresponding to °C.

Mouse

1. Click [Data] to open the menu.

2. Click Temperature.

3. The units menu will open. Click °C.
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In the Graph, choose the calculation
from the data source menu
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Plot the calculation on the horizontal axisin place of Time to create the graph
shown below. (See page 28 for instructions on selecting data for the horizontal
axis.)

Convert Units of Measure Most of the sensors used with the GLX are pro-

grammed with S| units (or the International System of Units) and, in some cases,
other common units. If you wish to make a measurement using units that are not
programmed into the sensor, create a calculation to convert the measured data.'*

For example, if you are using a M otion Sensor, which measures position in
meters, and you want to convert the measurement to centimeters, create the cal-
culation below. (To enter text, see“Num Lock” on page 50.)

position in cm = [Position(m)]*100

Calculate an Experimental Value In some experiments, it is possible to cal-
culate an experimental value based on a sensor measurement. For example, in an
experiment where a Motion Sensor measures the accel eration of an object, you
can use the Calculator to calculate the net force:

force = mass * [Acceleration (m/s/s)]

The Calculator will prompt you for the value of mass.

Compare Measurements from Two Sensors When collecting data with
two sensors, a calculation can be used to compare the separate measurements.
For example, if you are using two temperature probes, named “ Temperature” and
“Temperature?,” and you want to know the temperature difference between
them, create the cal culation:

[Temperature (°C)] - [Temperature2 (°C)]

Graph Linearization In some cases, such as the examples below, you may
want to linearize data so that you can use the Linear Fit tool in the Graph display
(see“Linear Fit” on page 19). To do so, use the Calculator to calcul ate the square,
sguare root, natural log, etc., of the measured data. (See “F1 Functions’ on
page 48 for more information on these and other functions.)

e Thegraphto theright shows period (T) versus length (L) datafrom asimple
pendulum. The graph can be linearized by plotting T?versusL. The slope of
the graph (shown below on the left) is 47t2/g, where g isthe free-fall acceler-
ation. Alternatively, the graph can be linearized by plotting T versus /L . On
the graph (shown below right), the slopeis 2/./g .
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This data plot has been time-shifted
by -14 s

1For certain measurements (tempera-
ture, for instance), it is not necessary to
calculate a units conversion because the
sensor is programmed with other com-
mon units of measure (°C, °F, and K),
which can be selected from the units
field of any display. See pages 15

and 29.
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e Theposition versustime graph of an object in free fall (below right) exhibits
atypica quadratic relationship. The object was dropped from a height of
0.79 m, with the release occurring 2.2 s after the start of data collection. The
graph can be linearized (as shown below right) by replacing Time on the hor-
izontal axis with the calculation ([Time (s)]-2.2)"2. The slope of the best-fit
lineis a/2, where a isthe acceleration of the object.

104348 01410405 xplorerGly @0 10:57:23 01/10/05 XplorerGlY (@ D
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Position vs. Time of an object in Linearized free-fall data

free fall

* Voltage versus time graph for adischarging capacitor is shown below on the
left. The graph the natural log of voltage versustimeisalinear (below right).
The slope of thelineis —1/RC, where C is the capacitance and Risthe
resistance through which the capacitor discharges.
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Calculator Function Keys
F1 Functions

Press CF (or click Functions) repeatedly to access the three Functions menus.
These menus contain the following items.

* Functions: sin, cos, tan, arcsin, arccos, arctan, *2, log, In, sgrt, 10*, e®

e Operators: " (the exponent operator)

e« Constants:

e Commonly used symbols: X, y,z, m a, b, c,d, o, oA, 0

e Sampleexpressions: y =2x +3,y =x"2, y = sin(x), y = e*x sin(x)

e Parentheses: apair of parentheses and asingle right parenthesis

e Special Functions: limit, mod, abs, random

e Output-control Functions. outstate, outswitch, outfreq, outvolume

e Logic Operatorsand Functions. <, >, inrange, and, or, not

m| cosi tani -
arcsing arccosi arctan ™
~2 logh InQ 1]
sqrto 10 B 1

< [ z m

El b [ d

i3 [0 A B

y=2x%+3 y=x"2 y=sinGx) | y=e"x singx)

‘ mod abs random

ouftstate || outswitch || outfreq | outvolumne

< = inrange

and ar nat

The first and second Functions
menus
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Special functions, output-control functions, and logic operators and functions
are typically used to control the GLX's digital and audio output. See “Output-
control Calculations” on page 50 for detailed explanations of these functions
and operators.

Inserting a Function When you select an item from one of the Functions
menus, it isinserted at the cursor location.*? If theitem includes apair of paren-
theses, the cursor will be positioned between them.

Degrees/Radians A calculation containing a trigonometric function can be set
to operate in degrees or radians. This setting is applied to each calculation sepa-

rately. The lower right corner of the Calculator indicates whether the calculation
that the cursor is on is set for degrees or radians.

To switch the setting, press to open the Edit menu and select (or deselect)
Radians. After you have switched the setting for a calculation, you must press
& or (= to makethe GLX reevaluate the calculation.

1310:37 01707405 XplorerGLX A e
sinfm/2) = 1,000000

~ Calculation is complete,1.000000 I alde
Functions | [Data] | Graph |Edit B

Degree/Radian Indicator

Predefined Constants The symbol &t is a predefined constant. The Calculator
will recognizeits value as 3.141592 when it is used as part of an expression or on
the right side of an equation.

The symbol eisapredefined constant equal to 2.718282. The capital letter E can

be used interchangeably with e. Typically eis used with the exponent operator ()
to form ", the exponential function.'3

F2 [Data]

Press Cr2) (or click [Data] ) to select a data source to insert into an equation. See
“Sensor-based Calculations’ on page 45 for more information.

The [Data] menu contains sensor measurements, manually entered data, cal cula-
tions, and time.

F3 Graph
Press (2D or (click Graph) to plot the equation that the cursor is on in the pre-

view graph on thelower half of the screen. See“ Graphing Equations’ on page 44
for more information.
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1279 select an item from the Func-
tions menus

Keypad

1. Press (/) once to open the first
menu, or twice to open the second
menu.

2. Use the arrow keys to highlight the
desired item and press (£).

Mouse

1. Click Functions once to open the first
menu, or twice to open the second
menu.

2. Click the desired item.

13\When using the constant e, be careful
not to enter it in a way that the GLX will
mistake for scientific notation. See
page 91 for more information.
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F4 Edit Menu

Press (or click Edit) to open the Edit menu, which contains the options
described bel ow.

Num Lock When Num Lock ison (which it isby default), anicon (&) appears
in the lower right corner of the screen.

0:00:17 Ah 0101700 ¥plorerGLx [AICIw =

ElEntear a calculation expression ) a
Functions | [Data] | Graph |Edit / =
7

Num Lock Icon

To turn Num Lock on or off, select Num Lock from the Edit menu.14

With Num L ock on, you can type only numerals (not letters or punctuation
marks) with the keypad. Multiple presses of akey will not cycle through multiple
characters. (That way you can type “100,” for instance, without having to wait
between zeros.) The single exception is the letter E, which you can always type
by pressing decimal point key (¢=)) twice.

With Num L ock off, the keypad operates in multipress text input mode (see
page 90), allowing you to enter letters and punctuation marks.

It is often unnecessary to turn off Num Lock because commonly used letters and
other symbols can be selected from the Functions menus, and the names of data
sources can be selected from the [Data] menu.

Radians Select or deselect this option to switch the highlighted calculation to
radians or degrees. See “ Degrees/Radians’ on page 49.

Clear Expression This option removes the expression that the cursor is on and
leaves ablank line.

Delete Expression This option removes the expression that the cursor ison
and shifts up everything below it to fill in the blank line.

Insert Expression Thisoption shifts the expression that the cursor is on (and
everything below it) down by onelineto create ablank line at the cursor location.

Data Properties Select this option to open the Data Properties dia og box for
the highlighted calculation. See page 69 for more information.

Print If thereisaprinter connected to the GLX, select Print to print the Calcula
tor screen.t®

Output-control Calculations

The functions and operators described bel ow can be sel ected from the third Func-
tions menu.'® With them, you can write expressions in the Calcul ator that control
the GL X’s audio outputs, and the outputs of connected Digital Adapters.

D @ Mum Lock
Radians

Clear Expression

Delete Expressian
Insert Expression
Data Properties...
Frint
\ Graph

EEEE=E=EEEE)

Functions | [Data]

Edit menu

1470 select an option from the Edit
menu

Keypad

1. Press to open the Edit menu.

2. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse
1. Click Edit to open the menu.
2. Click the desired menu option.

15For more information on printing, see
“Printing” on page 91.

16see “F1 Functions” on page 48.
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Special Functions

These special functions do not directly control output, but can be useful in com-
bination with the output-control functions.

limit(min, max, x) The limit function is used keep avarying value within a
specified range. The function has three arguments: min, max, and x.

e If x<min, then limit(min, max, x) = min.
e If x> max, then limit(min, max, x) = max.

e If min < x <max, then limit(min, max, X) = x.

mod(numerator, denominator) The mod function is equal to the remainder
when numerator is divided by denominator. The arguments numerator and
denominator can be any number (not just whole numbers). If denominator = 0,
then mod(numerator, denominator) = 0.

abs(x) The abs function is equal to the absolute value of its argument.

random() The random function equals arandomly generated number between 0
and 1. Each time the function is evaluated, a new random value is generated.
Note that the random function appears with apair of parentheses after it, but it
cannot have anything between the parentheses.

Output-control Functions

The output-control functions set the output of the GL X’s audio channels and con-
nected Digital Adapters. The output-control functions work only when data col-
lection isin process. Each function must be used as part of a sensor-based
calculation (the cal culation must include data from a sensor or time). Any prop-
erty of the audio output that is not specified in the Calculator will be determined
by the setting in the Output screen (see page 39). In the Functions menu, the
names of these functions are abbreviated to outstate, outswitch, outfreq, and out-
volume.

outputstate(GLXPort, AdapterChannel, state) Use the outputstate func-
tion to switch on or off a Digital Relay connected through a Digital Adapter.'”

The first argument of the function, GLXPort, can equal 1, 2, 3, or 4; it identifies
the port that the Digital Adapter is connected to. The second argument,

Adapter Channel, can equal 1 or 2 and identifies which channel of the adapter the
Digital Relay is connected to. The third argument, state, can equal any humber
and determines whether the relay is OFF or ON.

« If state=0, thentherelay is OFF.

* |f state# 0, then the relay is ON.

outputswitch(Channel, state) Usethe outputswitch function to turn on or off
the left or right audio output channel.'® The first argument, Channel, can equal 1
(for left) or 2 (for right) and identifies which audio channel isto be controlled.
The second argument, state, can equal any number and determines whether the
audio output is OFF or ON.

« |f state= 0, then the audio output is OFF.

o |f state# 0, then the digital output is ON.
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1"The Digital Relay is PASCO part
CI-6462. The Digital Adapter is PASCO
part PS-2159.

See “Relay Control” on page 67 for
instructions on connecting and configur-
ing the adapter.

18\Whether the output is played through
the output port (to a pair of headphones
or amplified speakers) or through the
GLX'’s built-in speaker depends on the
Output setting in the Output screen (see
page 40).
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outputfreq(Channel, frequency) Use the outputfreq function to set the fre-
quency of the audio output signal.*® The first argument, Channel, can equal 1 (for
left) or 2 (for right) and identifies which channel is to be controlled. The second
argument, frequency, sets the frequency, in Hz, of the output signal. The fre-
guency can be set between 250 and 5000 Hz for the built-in speaker, or between
60 and 5000 Hz for headphones or external speakers.

outputvolume(volume) Use thisfunction to set the loudness of the output sig-
nals.*® The argument of the function can be set between 0 (for no output) and 10
(for the loudest possible output). The function controls both audio channels
together.

Logic Operators and Functions

A logic function has two possible values: 0 and 1. A logic operator (< or >) is
used to build an expression that can have avalue of 0 or 1.

Less Than and Greater Than If an expression such as a < b istrue, then it
equals 1. If the expression is false, then it equals 0.

inrange(min, max, x) Thisfunction has three arguments: the first two, min
and max, define the upper and lower limit of arange, and the third, x, is an input
value to be compared with that range. If min < x <max, then the function equals
1. If x < min, or X > max, then the function equals 0.

and(a, b) Thisfunction equals 0 if either of the arguments equals O; otherwise
the function equals 1.

or(a, b) This function equals 0 if both of the arguments equal O; otherwise the
function equals 1.

not(x) Thisfunction equals 1 if the argument equals 0; otherwise the function
equals 1.

\ Audio Temperature Indicator

In thisexample, the GLX is programed to emit a sound when the temperature
exceeds 30 °C. The frequency of the sound increases as the temperature
increases.

Connect a temperature sensor to the GLX. In the Calculator, enter these two
expressions:

outputswitch(1,[Temperature (°C)]>30)

outputfreq(1,[Temperature (°C)]*10)

Select the outputswitch and outputfreq functions from the C/ Functions menu.
Select the [Temperature (°C)] measurement from the (k2> [Data] menu.

Press () to start data collection. Place the temperature sensor in warm water.
Then alow it to cool again. When the temperature reaches 30 °C, the GL X emits
atone at 300 Hz. Asthe temperature rises, the frequency of the tone rises.

1:27:33 Ph 05730406 XplorerGLx

outputswitchil,[Temperature (°C)]=30)
outputfreq(1.([Temperature (°CIT*10))

0 O o

[ Enter a calculation expression @ raD
Functions | [Data] | Graph  [Edit N

Audio Temperature Indicator Example
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Notes Screen

Use the Notes screen to record experiment instructions, information about the
sensors and displays that you have set up, notes on recorded data, or any other
text information.

To Open the Notes screen
From the Home Screen, do one of the following:
<=
@20 usethearrow keysto highlight the Notesicon, then press (\D; or
@J click the Notes icon.
Entering, Reading, and Printing Text Notes

Enter text viathe GLX keypad or a connected USB keyboard.

See “Multipress Text Input Mode” on page 90 or “Using a USB Keyboard” on
page 90.

To input asingle capital letter, first press (£ to turn on Shift. To input all capi-
tal letters, turn on Caps Lock by pressing (2. To disable multipress text input
mode (for typing just numbers), turn on Num Lock by pressing ().

115308 AM D6/02/06  XplorerGLY 1@ B

shift  [@ caps Lock [@ Mum Lock [Pg 1 0f1 -

D ey Ry (R

The GLX can store multiple notes pages. To start anew page, press to open
the Notes menu and select New Page.'®

If more than one page exists, you can also press to select a previously cre-
ated page for viewing and editing, or to delete the currently displayed page. The
page number of the visible page and the total number of pages are indicated in
the lower right corner of the screen.

To print the currently displayed page on a connected printer, press and
select Print. To print all notes pages, select Print All.

For more information, see “Printing” on page 91.
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MNotes

The Notes icon on the
Home Screen

19 To select an option from the Notes
menu

Keypad

1. Press to open the Notes menu.

2. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse

1. Click the page number in the lower
right corner to open the Notes menu.

2. Click the desired menu option.

23153 Ak 01/26/05 XplorerGLx {25 £ e

shift  [@ CapsLock |

Click here

or
Press

The Notes menu
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Stopwatch

With the Stopwatch screen, you can use the GL X like a conventional stopwatch.

To Open the Stopwatch

From the Home Screen, do one of the following:

<=,
@20 usethearrow keysto highlight the Stopwatch icon, then press (X); or @
@J click the Stopwatch icon. Stopwatch

The Stopwatch icon on
the Home Screen

Timing with the Stopwatch

The numbers displayed on the stopwatch indicate elapsed time in minutes and
seconds.

42353 PM 01/25/05  plorerGLY Y@ Ere

Elapsed Time

00:00.00
H_JW_J

minutes seconds

Start [ Reset |

D e

Press (/) to start timing. Press (/0 again to stop timing.

When timing is stopped, press CF2) to set the displayed elapsed time back to
00:00.00
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Chapter 3: Settings and Files

Sensors Screen

In many cases, the sensor set-up process requires nothing more than simply plug-
ging in asensor. However, if you would like to change any of the sensor settings,
or configure a sensor that you have not physically plugged in, or change the
mode of data collection, go to the Sensors screen. Also use the Sensors Screen to
configure the GL X’s microphone as a sound sensor.

0:23:32 AN 07/01/00
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Force Sensor

Sarnple Rate Unit

samplasss

Sample Rate

Reduce/Smooth Averaging
L¥Force, push positive Wisible T
+.2Force, pull positive Mot Visible T

L Mode '| Froperties |Microphone ~|3ensors ]

Sensors screen

To Open the Sensors Screen

From the Home Screen, do one of the following:

P press (F, the function key below the Sensorsicon;

(20 use thearrow keysto highlight the Sensors icon and press (\); or
@J click the Sensors icon.

From anywhere in the GL X environment, you can always open the Sensors
Screen with the shortcut (&) + (7o .

Working with Multiple Sensors

Anicon for each sensor connected to the GLX appears at the top of the screen.?
A box around one of the iconsindicates the sel ected sensor. Use the left and right
arrow keys (or mouse) to select the sensor that you want to set up. The settings
for the selected sensor appear in the lower part of the screen.

Multiple Sensors
Selected Sensor

DA AM}éDNDD

112 ¥
Force Sensor

¥plorerGLX (@& D

Top portion of the Sensors screen;
this GLX is connected to an accelera-
tion sensor and a force sensor

W.‘Q’.
R

The Sensors icon on
the Home Screen

1in some cases, an icon for a sensor that
is not physically connected to the GLX
appears in the Sensor screen. Such
icons are designated with /.
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Sensors Screen

Sensor Settings

To change any of the settings, use the arrow keysto highlight the settings and

press (D).
(B 1f you are using amouse, click the desired setting.

Sample Rate Unit Select Sample Rate Unit? to choose how the sampling rate
will be measured. The choices are samples per second; or seconds, minutes, or
hours (time between samples).

Number of
- samples per
WIS <= second

samplesds

Time between
samples

Sample Rate Select Sample Rate® to set the sensor’srate of data collection
(measured in the units selected above).

3ample Rate

Sample Rate

Open the Sampling Rate menu or change the
sampling rate with (® and (&

Reduce/Smooth Averaging Thisfeatureisatype of oversampling. You can
useit to:

e reduce what would be alarge data set to a manageable size,
e smooth noisy data,

« improve the effective resolution of a sensor.

Select Reduce/Smooth Averaging and choose the number of pointsto be aver-
aged.# The number of points represents the factor by which the effective sam-
pling rate, data set size and noise level are reduced.

No averaging

2-point averaging

10-point averaging

2 To select Sample Rate Unit

Keypad

1. Use the arrow keys to highlight Sam-
ple Rate Unit

2. Press () to open the menu.

3. Use the arrow keys to highlight the
desired units and press (¥); or press
the number on the keypad corre-
sponding to the desired units.

Mouse

1. Click Sample Rate Unit to open the
menu.

2. Click the desired units.

3To select Sample rate

Keypad

1. Use the arrow keys to highlight Sam-
ple Rate.

2. Press () to open the menu.

3. Use the arrow keys to highlight the
desired rate and press (V); orpress
the number on the keypad corre-
sponding to the desired rate.

or

1. Use the arrow keys to highlight Sam-
ple Rate.

2. Press (») or (=) to increase or
decrease the value.

Mouse

1. Click box to the right of Sample Rate
to open the menu.

2. Click the desired rate.

4To select Reduce/Smooth Averaging

Keypad

1. Use the arrow keys to highlight
Reduce/Smooth Averaging.

2. Press (¥) to open the menu.

3. Use the arrow keys to highlight the
desired number of points and press
(¥; or press the number on the key-
pad corresponding to the desired
number of points.

Mouse

1. Click the box to the right of Reduce/
Smooth Averaging to open the menu.

2. Click the desired number of points.
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Zero Automatically On Start This setting appears for sensors that support
zeroing (such as acceleration, rotary motion, and drop counter sensors). Thethree
choicesare“On,” “Off,” and “Zero Now.” When “On” is selected (which it isby
default), the sensor measurement is adjusted with each new data run to make the
first sample zero. When “ Off” is selected, the measurement is not automatically
zeroed. When you select “Zero Now,” the measurement is adjusted to make
present value zero, but it will not be re-zeroed at the start of data collection.

Measurements Each of the sensor’s measurements have a“Visible” or “Not
Visible” tag. Visible measurements appear in the data source menus of the dis-
play screens. Select a measurement to change its setting from “Visible” to “Not
Visible,” or vice-versa’®

A measurement set to “Not Visible” does not appear in the displays’ data
source menus; however, it is still accessible by selecting “More” from the
menu. See “Expanding the Data Source Menu” on page 89.

Sensors Function Keys

F1 Mode

The Mode menu contains options for how the GLX collects data. When you
select a sampling mode®, that mode is applied to all sensors.

Continuous Sampling Continuous Sampling is the default and most com-
monly used mode. In this mode, when you press (), the GLX starts to collect
and record data from every sensor at a constant rate. Data collection stops when

you press () again.

The rate of data collection is determined separately for each sensor. See
“Sample Rate” on page 56 for more information.

Manual Sampling Select Manual Sampling from the Mode menu to record a
series of single manually triggered samples. See page 60 for instructions on set-
ting up and using manua sampling.

F2 Data Properties
To open the Data Properties dialog box for a sensor measurement, first use the

arrow keys to highlight the measurement, then press (2. See page 69 for a
description of the Data Properties dialog box.
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5To change the visibility of a mea-
surement

Keypad

1. Use the arrow keys to highlight the
measurement.

2. Press ().

Mouse
Click on the word “Visible.”

6To select a sampling mode

Keypad

1. Press (/) to open the Mode menu.

2. Use the arrow keys to highlight the
desired menu option and press (¥);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse
1. Click Mode to open the menu.
2. Click the desired menu option.

112340 AM 01/31/05  XplorerGLX 3@ Ol
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Force Sensor

Sample Rate Unit samples/s Tl
Sample Rate 10 7
Reduce/Smooth Averaging  |Off M
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15 ode '| Properties |M\cr0ph0ne'|Sensors N

To open the Properties dialog box,
highlight a measurement before you
press
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Sensors Screen

F3 Microphone

The Microphone menu contains options for setting how the GLX usesits built-in
microphone. The selected option isindicated by a check mark () appearing
next to it in the menu.”

Microphone

Sound Sensor When Sound Sensor is selected, the GLX’s microphone
becomes a sensor that collects data showing the waveform of sound. The sound
sensor appears in the upper part of the Sensors screen, just like any other sensor.

Like other sensors, the Sound Sensor settings include Sample Rate Unit, Sample
Rate, and Reduce/Smooth Averaging; however you typically would not change
any of these settings because the sample rate is automatically set by the Graphin
Scope Mode.

The Sensitivity setting sets the gain of the Sound Sensor.8 For very loud sounds
set the Sensitivity lower; for softer sounds, set it higher. To make the Sound Sen-
sor automatically adjust its sensitivity based on the loudness of the sounds that it
detects, set the Sensitivity to Automatic.

The Sound Sensor is most commonly used with the Graph display in Scope
mode. Press (@ and (/") together to go to the Graph display. Then press
to open the Graphs menu, and press to select Scope mode. Press () . Whis-
tle or hum; you will see sound wave in the Graph. (See page 22 for more infor-
mation on Scope mode.)

Sound Level When Sound Level is selected, the GL X’s microphone measures
the loudness of sound in decibels (on the dBA scale).

The Sound Level sensor operates at a much lower sampling rate than the Sound
Sensor. Like most other sensors, you would normally use the Sound Level sensor
in continuous or manual sampling mode (see page 57), not in Scope mode.

Audio Notes With this default setting, the microphone is configured to record
the audio portion of data notes (see “ Data Annotation” on page 25). If you have
previously recorded sound-sensor or sound level data, selecting Audio Notesis
equivalent to unplugging the Sound or Sound Level sensor. The GL X will pre-
serve any sound data setsthat have been recorded, but it will not collect new data
from the microphone.

"To select an option from the
Microphone menu

Keypad

1. Press (7)) to open the menu.

2. Use the arrow keys to highlight the
desired menu option and press (¥);
or press the number on the keypad
corresponding to the desired option.

Mouse
1. Click Microphone to open the menu.
2. Click the desired option.

8To change the Sensitivity

Keypad

1. Use the arrow keys to highlight
Sensitivity.

2. Press () to open the menu.

3. Use the arrow keys to highlight the
desired setting and press (¥); or
press the number on the keypad cor-
responding to the desired setting.

or

1. Use the arrow keys to highlight
Sensitivity.

2. Press () or (= toincrease or
decrease the value.

Mouse

1. Click box to the right of Sensitivity to
open the menu.

2. Click the desired setting.
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F4 Sensors

The Sensors menu contains the following options for adding, removing, and cali-
brating sensors.®

Add Select this option to set up a sensor without physically connecting it. A
menu containing all PASPORT sensorswill open. Usethe arrow keysto highlight
the desired sensor and press (V).

Remove Use this option to delete the selected sensor without disconnecting it
from the GLX. All data collected by that sensor will be deleted.

If there are multiple sensors, select the sensor that you want to delete before
selecting the Remove option. See “Working with Multiple Sensors” on
page 55.

It is not necessary to select Remove from the Sensors menu in order to discon-
nect a sensor; you can simply unplug it.

When you physically unplug a sensor (after recording data), the icon for the sen-
sor remainsin the upper part of the Sensors screen with A aboveit. All data
recorded from that sensor, and the sensor’s settings (such as sampling rate) are
preserved in the GLX. If that sensor is ever reconnected, it will beinstaled inits
old place with the same settings. If you would like to remove the archived data
and settings, select the icon of the unplugged sensor'?, then select Remove from
the Sensors menu.

Calibrate Select Calibrate from the Sensors menu to open the Calibration dialog
box. See page 71 for a description of the dialog box and instructions on calibrat-
ing a sensor.

Analog Adapter with a ScienceWorkshop Sensor Set-up

You can connect an analog ScienceWbrkshop sensor to the GLX viaan Analog
Adapter (PS-2158). When you connect the Analog Adapter to the GL X, a special
menu listing all ScienceWorkshop sensors appears. From this menu, select the
sensor that you have connected (or will connect) to the adapter.'* After you have
selected it, the sensor appears in the top portion of the Sensors screen, just like a
PASPORT sensor.

In addition to the regular sensor settings (see page 56), a Sensitivity setting
appearsin the Sensor screen. This setting controlsthe gain of the Analog Adapter
and can be set to Low (1X), Medium (10X), or High (100X). The gain isthe fac-
tor by which the resol ution of the sensor isimproved, and by which the rangeis
decreased.

22303 P 06/08/05 @B 326:35PM 06/06/05 HplorerGLY S Eefa
Connect a sefl eleration sar 1
(ZBarametar
@Charge Sensar Force Sensor
(@ Currant Sensor Sample Rate Unit samplesss M
EColarimetar Sample Rate TE

(& Carban Diaxide Gas Sensor
D Conductivity Sensor

{E'Depth Sensar b
(FDissolved Oxygen Sensar Voltage

Reducessmooth Averaging |Off
Sensitivity

Mot Wisible

Electrometer (Basic) Force \isibla e
EKG Sensor |
@& Mode ¥ Properties |M|crnphone'|Sensnrs B & Mode '| Properties |M\crnphone'|ﬂensnrs B

ScienceWorkshop Sensors menu (left) and
Sensors screen with a ScienceWorkshop sensor (right)
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9To select an option from the Sensors
menu

Keypad

1. Press to open the menu.

2. Use the arrow keys to highlight the
desired menu option and press (¥);
or press the number on the keypad
corresponding to the desired option.

Mouse
1. Click Sensors to open the menu.
2. Click the desired option.

1070 select a sensor icon

Keypad

Press the left or right arrow key to move
the box to the icon in the upper portion of
the Sensors screen.

Mouse
Click the icon in the upper portion of the
Sensors screen.

1170 select a sensor form the
ScienceWorkshop Sensors menu

Keypad

1. Connect an Analog Adapter to the
GLX to launch the menu.

2. Use the arrow keys to highlight the
desired sensor. Arrows (W, #%)
appear on the menu to indicate that
some sensors are not visible. Press
the up or down arrow key multiple
times to move the highlight beyond the
visible portion of the menu. The menu
will scroll to bring other sensors into
view. To skip directly to the last sen-
sor on the menu, move the highlight to
the first sensor, then press the up
arrow key.

3. Press (V).

Mouse

1. Click the up or down arrow on the
menu (%, #) to bring the desired
sensor into view.

2. Click the desired sensor.
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Manual Sampling Mode
In Manual Sampling mode, the GLX records a single sample from each measure-

ment only when you trigger it by pressing (&) . Follow these steps to set up Man-
ual Sampling mode and record data.

Set Up

1. Press (@ + to go to the Sensors screen.

2. Press (&7 to open the Mode menu.

3. Usethearrow keysto highlight Manual and press ().
The Data Properties dia og box appears. This box specifies the name and
units of the (optional) manually entered data. By default, the nameis“Key-
board Data” and the units are unnamed.

4. If you plan to manually enter data to go with each sample, enter the name
and units of this datain the Data Properties box. (See page 69 for instruc-

tions on using the Data Properties box.)

5. Do one of the following:

hezsurement Mame Keyboard Data

«  Press (7D (OK) to enter Manual Sampling mode with the manually Measurement Unit
entered data option Mumeric Style Fixed Decimals -]
' Murnber Of Digits i]
EE for Exponent <= 4
+  Press (/2> (No Data) to enter Manual Sampling mode without the EE for Exponent == +7
option of manually entering data. Zero | Valug| < 0
Ok | MoData | Graph |

«  Press (/) (Graph) to enter Manual Sampling mode with a Graph dis-
play automatically set up to display a sensor measurement on the verti- QD @ @
cal axisand manually entered data on the horizontal axis.

Sampling

1. Press (). The GLX starts measuring, but not recording. A blinking flag
icon ([7) appearsin the upper right-hand corner of the screen.

2. When you are ready to take a data point, press (). The GLX instantly
records a single sample from each measurement.

3. If you have selected the manually entered data option, the GL X prompts you

to enter data. Type in the data (either numeric or text'2) and press CF 1270 type text data, press (7 to dis-
(OK)_ able Num Lock. The first time the GLX
detects non-numeric data, it will ask you
to confirm that the data should be treated
as text.

4. Repeat steps 2 and 3 to record additional samples.

5. When you have finished recording all samples, press ().

Cell-selective Sampling

You can collect datain manual sampling mode while viewing any display; how-
ever, using the Table display alows additional flexibility. After setting up the
GLX in manual sampling mode as described above, follow these steps to record
datainto specific table cells.

1. Press (@ + (72 to open the Table display.
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2. Press ™). The GLX starts measuring, but not recording. A blinking flag
icon ([7) appearsin the upper right-hand corner. Another flag icon appears
at the left side of the first table row.

3. Presstheright arrow key. Notice that the flag icon movesto first cell of one
column. If there is another column displaying collected data (not manually
entered) press the right arrow again to move the icon to that column. This
icon indicates which cell will collect datawhen you press (F). If theiconis
at the left end of therow, all cellsin that row will collect data.

4. Usethearrow keysto select which cell or cdlsin thefirst row you wish to
collect data.

5. Press (P).

6. If you have selected the manually entered data option, the GL X prompts you
to enter data. Type in the dataand press CF> (OK).

7. To collect more data, use the arrow keys to position the flag icon on the sin-
gle cdl or row where you want to collect data. If the selected cells already
contain data, that data will be overwritten.

8. Press (P).
9. Repeat steps 7 and 8 to record additional samples.

10. When you have finished recording all samples, press (.
Why Use Cell-selective Sampling?

Redo a Sample Cell-selective sampling is useful for redoing data points. For
instance, suppose that you are measuring the pH of several different solutions.
You place the pH probein asolution and press (F) to record a sample. You then
realize that you made a mistake—you forgot to wait for the measurement to sta-
bilize. To correct the mistake, pressthe up arrow to return the flag icon to the first
row. Press (F) again to overwrite the data on that row with a new sample.

You can redo any sample even if you have recorded subsequent samples; use the
arrow keysto return the flag icon to any previously recorded row or cell and
press (F). Remember to move the icon back to an empty row if you want to take
anew sample without overwriting an old one.

Alternate Between Sensors If you have two or more sensors connected to
the GL X, you may want to record single samples from each sensor separately. To
do thisyou would select asingle cell (instead of awhole row) for each sample.
For example, you have several solutions and you would like to measure the pH
and conductivity of each. Place the pH probe in the first solution. Press the right
arrow key to select asingle cell in the pH column. Press () to record only in
that cell. Remove the pH probe from the solution and place the conductivity
probe in the same solution. Use the arrow keysto select the cell in the conductiv-
ity column (in the same row). Press (F) to record into that cell. Repeat this pro-
cessfor all other solutions. Inthisway you will record pH-conductivity datapairs
without having to make pH and conductivity measurements simultaneously.
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Run #1
Pasition (m)

Run #1
Force, push positive (N)

All cells in selected
data

row will collect

Run #1
Pasition (m)

Run #1
Force, push positive (N)

o ko —

Only selected cell will collect data

Run #1
Pasition (m)

Run #1
Force, push positive (M)

1
2
3
4

Only selected cell will collect data

Run #1
Position (m)

Run #1
Force, push positive (M)

Previously recorded data in selected

row will be overwritten



62 Timing Screen

Timing Screen

Use the Timing screen to set up measurements made with photogates, Smart Pul-
leys and other switch- or counting-type sensors.

1:43:01 Akd 01/01/00 xploreriGLy {r s B e
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Photogate Timing

Flag Length (m) m
Photogate Spacing () 0.2000
Tirme In Gate nisible T
Welocity In Gate nisible T
Time Between Gates Mot Wisible h
Welocity Between Gates Mot Wisible T
Add '| Remove | |

The Timing Screen

To Open the Timing Screen

The Timing screen usualy launches automatically when you connect a switch- or

counting-type digita sensor to the GL X through a Photogate Port or a Digital

13 :
Adapter. Photogate Port is PASCO part

PS-2123A. Digital Adapter is PASCO
part PS-2159.

If atimer for a sensor has already been set up, the Timing screen will not auto-
matically launch when that sensor is plugged in. To manually open the Timing
screen from the Home Screen, do one of the following:

@
€20 usethearrow keysto highlight the Timing icon and press (\); or &
Timing
. T The Timing icon on
Cy click the Timing icon. the Home Screen

Theory of Timing

Certain digital sensors connected to the GL X through a Digital Adapter or Photo-
gate Port operate differently from most other sensors. Rather than collecting data
at a constant rate, they send asignal to the GL X only when an event happens. For
instance;

« when a photogate switches from being blocked to unblocked, or vice-versa;
« when the spoke of apulley enters or exits a photogate; or

« when anuclear sensor detects a particle.

The GLX can be configured to measure the time span of a particular sequence of
events. Examples of sequencesinclude;

e blocked-unblocked, or “time-in-gate;”
e blocked-blocked, or “time-between-gates;” and
«  blocked-blocked-blocked, used to measure the period of a pendulum.

The “blocked” event occurs when a photogate switches from being
unblocked to blocked. The “unblocked” event occurs when a photogate
switches from being blocked to unblocked.

Whenever the specified sequence occurs, the GL X records the time span of the
sequence as adata point. It also records the time at which the sequence occurred,



measured from the start of data collection to the
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midpoint of the sequence. From

these measurements and user-entered (or default) constants, the GLX derives
other measurements such as position, velocity, and acceleration. The configura-
tion of what sequences the GL X measures and what secondary measurements it

derivesis called atimer.

The GLX isprogrammed with ninetimers. Thet

imer that you choose depends on

the sensor (or combination of sensors) that you are using and the type of mea-
surement that you would like to make. The following example details the proce-

dure for selecting and setting up the “Photogate

Timing” timer. The general

procedure for other timersis similar, and the specifics of each timer are described

on pages 64 through 67.

Setting Up the “Photogate Timing” Timer

In this example, we will connect and set up a single photogate to measure the

velocity of an object of known width.

1. Connect aPhotogate Port or Digital Adapter and a single photogate to the

GLX.

If the Timing Screen does not open automatically,

go to the Home Screen,

use the arrow keys to highlight the Timing icon, and press (¥). Then press

( to open the Add menu.

2. You will see the Add menu, which contains the timer options. For this exam-

ple, select Photogate Timing.®

215609 P 05431405 HplorerGLx
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1) g Mation Sensor

@) g Rotary Motion Sensor

= 88 Photogate and Picket Fence
@ Fsmart Pulley (Lingar)

=) Bsmart Pulley (Ratational)

(&) [ Free Fall Adapter

@ {F Photogate and Pendulurn
(2) M Time Of Flight

3 WPhotogate Timing
% General Counting
B Rcolision Tirmer
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Once you have chosen a timer, there are two types of thingsto set:

*  measurements, which can be set as “visible’ or “not visible,” and

e constants, which, in this case, are Flag

Length and Photogate Spacing.

413352 P 01431705 ¥plorerGLx {1} e
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Photogate Timing

. ————————= Constants
Photogate Spacing (rm) 0.2000
Tirme In Gate Wisible T
Welocity In Gate Mot Yisible
= Measurements

Time Between Gates Wisible
Welocity Between Gates Mot Yisible h

Add '| Remove | |

3. Inthisexamplethereis only one photogate, so set Time Between Gates and

Velocity Between Gatesto “Not Visible.”16
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140ne exception, the “General Counting”
timer, measures the number of events
that occur within a specified period. See
page 66 for details.

15To select a timer from the Add menu

Keypad

1. Press (/) to open the Add menu.

2. Use the up and down arrow keys to
highlight the desired timer and press
(¥; or press the number on the key-
pad corresponding to the desired
timer.

Mouse
1. Click Add to open the menu.
2. Click the desired timer.

16To change the visibility of a mea-
surement:

Keypad

1. Use the arrow keys to highlight the
measurement.

2. Press (.

Mouse
Click the word “Visible.”
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Timing Screen

4. Set Timein Gate and Velocity in Gate to “Visible.”

5. Pretend that you have a cart with a5 cm flag on it; set the Flag Length con-
stant to 0.05 m. (Highlight Flag Length and press (), then type 0.05.)

6. Inthiscase, photogate spacing isirrelevant, so leave the Photogate Spacing
field blank.

Viewing and Collecting Data from a Timing Sensor

After you have set up atimer, its measurements are available from the data
source menus of the Graph (see page 15), Table (page 28) and other displays.

To start collecting data, press ().

Working with Multiple Timers

If there is more than one timer, an icon for each timer appears at the top of the
screen. To set up each one, select it with the left and right arrow keys or with the
mouse.

Note that in certain cases, a single timer operates with multiple sensors, so hav-
ing more than one sensor does not necessarily mean that you will have (or need)
more than one timer.

Timing Screen Function Keys

F1 Add

The Add menu usually launches automatically when you connect a photogate or
other timing sensor. If you wish to set up atimer for a sensor that you have not
yet connected, or for a sensor that is aready connected, open the Timing screen
and press (/. From the Add menu, select one of the following timers.2

24848 PM 05/21/05  XplorerGlyX (3@ e
Connect a timing device ar press F1,
(1 (8 Photogate and Picket Fence
(20 Fsmart Pulley (Linear)
(2 B3mart Pulley (Rotational
() [ Free Fall Adapter
(5143 Photogate and Pendulurn
(£ gl Time OF Flight
' NPhotogate Timing
¥ General Counting
=B Bcallision Timer
"L Digjtal Input
Remove |

D

If you are using a Digital Adapter, the Add menu may include Motion Sensor,
Rotary Motion Sensor, and Relay Control. See page 67 for information on
these special options.

Photogate and Picket Fence Select thistimer for a single photogate used
with a picket fence or photogate tape. The constant, Band Spacing, is the distance
(in meters) between the centers of the dark bands on the picket fence or photo-

gate tape.

The measurements are Position, Velocity, and Acceleration. Each time the photo-
gateisinterrupted by a band of the picket fence, the timer registers achangein

Two timers Selected timer

EAPM DWKXplorerGLX AO m]o]
1
e

Fhotogate and Picket Fence

Position Wisible T
Walocity Wisible T
Acceleration Wisible 7

17To select a timing option from the
Add menu

Keypad

1. Press (/) to open the Add menu.

2. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse
1. Click Add to open the menu.
2. Click the desired option.
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Position equal to the Band Spacing. Velocity and Acceleration are cal culated
based on the time interval s between the changes in Position.

Picket fences include PASCO parts ME-9377A and ME-9804. Photogate
tape is included with parts ME-6664 and ME-6666.

Smart Pulley (Linear) Usethistimer for measuring linear motion with a
Smart Pulley (or a combination of photogate and pulley). The constant, Spoke
Arc Length, equals the circumference of the pulley (in meters) divided by the
number of spokes.*®

The measurements are Position, Velocity, and Acceleration. Each time the photo-
gateisinterrupted by a spoke, thetimer registers achangein Position equal to the
Spoke Arc Length. Velocity and Acceleration are calculated based on the time
interval s between the changes in Position.

Smart Pulley (Rotational) Use thistimer for measuring rotational motion
with a Smart Pulley (or a combination of photogate and pulley). The constant,
Spoke Angle Spacing, equals 360° divided by the number of spokes.

The measurements are (angular) Position, (angular) Velocity and (angular)
Acceleration. Each time the photogate is interrupted by a spoke, the timer regis-
tersachange in angular Position equal to the Spoke Angle Spacing. Angular
Velocity and angular Acceleration are cal culated based on the time intervals
between the changesin angle.

Free Fall Adapter Use thistimer with PASCO part ME-9207B. The constant,
Height Of Fall, is the distance (in meters) from the release mechanism to the

receptor pad.
The measurements are Time Of Fall and Acceleration.

« TimeOf Fall isthetimeinterval starting when the ball isreleased and ending
when it hits the receptor pad.

e Accderation iscalculated using the formula

Where ais Acceleration, x isHeight Of Fall, and t is Time Of Fall.

Photogate and Pendulum The constant for this timer is Pendulum Width*°,
which isthe width of the pendulum bob (or whatever part passes through the
photogate).

The measurements are Period and Vel ocity.

»  Periodisthe time the pendulum takes to complete one cycle of oscillation. A
period data point is recorded every other time the photogate is blocked.

e Velocity is the Pendulum Width divided by the time-in-gate. A velocity data
point is recorded every time the pendulum passes through the photogate. For
more accurate velocity measurements, use a cylindrical (rather than spheri-
cal) pendulum bob.
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18The default value, 0.0150 m, is the
spoke arc length of the inside groove of
the PASCO Super Pulley (part ME-9450)
and similar 10-spoke pulleys.

191t is necessary to enter Pendulum
Width only if you are interested in the
velocity of the pendulum bob.
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Timing Screen

Time of Flight Use thistimer with a projectile launcher, two photogates, and a
Time-of-Flight Accessory.?® The constant, Photogate Spacing, is the distance (in
meters) between the centers of the photogates.

The measurements are Initial Velocity and Time Of Flight.

« Initial Velocity is the Photogate Spacing divided by the time-between-gates.

« Time Of Flight is the elapsed time starting when the projectile blocks the
first photogate and ending when it hits the Time-of-Flight Accessory.

Photogate Timing Usethistimer for general measurements made with one or
two photogates.?! The constants are Flag Length and Photogate Spacing.

* Flag Length isthe length (in meters) of the object that passes through the
photogates.

»  Photogate Spacing is the distance (in meters) between the centers of the pho-

togates. This constant is not relevant if you are using only one photogate.

There are four measurements: Time In Gate, Velocity In Gate, Time Between
Gates, and Velocity Between Gates.

« Timeln Gateisthetime that the flag spends inside either gate each time it
passes through. A data point is recorded every time either photogate detects
a blocked-unblocked sequence.

« Velocity In Gate equals Flag Length divided by Time In Gate.

« Time Between Gatesis the time el apsed between successive interruptions of
either gate. A datapoint is recorded every time one of the photogatesis
blocked (except the first time).

«  Velocity Between Gates equal's Photogate Spacing divided by Time
Between Gates.

General Counting Usethistimer with nuclear sensors, drop counters, and
other counting-type digital sensors. The constant, Count Time Interval, isthe
period over which the timer counts pulses for each data point. It is also the time
between successive data points.

The measurement, Pulse Count, is the number of pulses (nuclear events or drops)
detected during the Count Time Interval. Pulse Count data points are recorded at
aconstant rate, one data point at the conclusion of every Count Time Interval.

Collision Timer Use thistimer to measure the velocities of two carts before
and after they collide. The constant is Flag Length, which isthe length (in
meters) of the objects that pass through the photogates. The flags attached to both
carts must be the same length.

The measurements, Velocity 1 and Velocity 2, are the velocities measured by
each photogate. Velocity 1 is Flag Length divided by the time-in-gate of the first
photogate. Velocity 2 is Flag Length divided by the time-in-gate of the second
photogate.

Arrange the photogates so that the collision occurs between the photogates.

20The Time-of-Flight Accessory is
PASCO part ME-6810. Projectile
Launchers include ME-6800 and
ME-6801. A Photogate Bracket, part
ME-6821, is necessary to attach the
photogates to the launcher.

21photogate Timing works best for mea-
suring the velocity of a single object that
blocks only one photogate at a time. To
measure the separate velocities of two
objects, use Collision Timer.
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If both carts are traveling in the same direction before the collision, one photo-
gate will measure the initial velocity of both carts. Similarly, if both carts are
traveling in the same direction after the collision, one photogate will measure
both final velocities.

If one of the cartsis stationary before the collision, itsinitial position will be
between the photogates, and itsinitia velocity will not be measured. If one of the
cartsis stationary after the collision, its final velocity will not be measured.

Digital Input Select the Digita Input timer?? to record the state changes of a
photogate or other switch-type sensor.

Thistimer measures the sensor’s L ogic State, which has only two possible val-
ues: 0O and 1. A Logic State value of O corresponds to a sensor output voltage of
0V, and avalue of 1 corresponds to an output voltage of 5 V.

In the case of a photogate, if the most recently recorded Logic State valueis O,
then the photogate is blocked; if the most recent value is 1, then the photogate is
unblocked. A data point is recorded each time the sensor changes states; thus
when the photogate switches from being unblocked to blocked, the timer records
0, and when the photogate switches from blocked to unblocked, the timer
records 1.

Typically, the interesting data recorded by the Digital Input timer is not the
0-or-1 Logic State value, but rather the time-stamps recorded with those values.
To see thetime data, view Time in one column of the Table display and Logic
State in another column.?3

F2 Remove

To remove atimer, press CF2) or (&, If you have more than one timer set up,
first use the left and right arrow keys (or mouse) to select the timer that you want
to remove in the upper part of the screen, then press CF2) or (@,

If there are data collected by that timer, they will be permanently deleted. (The
GLX will ask you for confirmation before it deletes the timer.)

Digital Adapter Options

In addition to switch-type sensors, the Digital Adapter (PS-2159) allows the
GLX to be used with a ScienceWbrkshop Motion Sensor, a ScienceWor kshop
Rotary Motion Sensor, or aDigital Relay.

To set up the GLX for one of these devices, connect the Digital Adapter to the
GLX and connect the sensor or relay to the adapter (in either order). The Add
menu will open automatically with Motion Sensor, Rotary Motion Sensor, and
Relay Control among the options. (These options do not appear if you press
(D to open the menu.)

ScienceWorkshop Motion Sensor or Rotary Motion Sensor Touseone
of these sensors?* with a Digital Adapter, connect the yellow and black plugs of
the sensor to ports 1 and 2 (respectively) of the adapter and connect the adapter to
the GLX. The Add menu will open automatically; select Motion Sensor or
Rotary Motion Sensor. To set the sample rate and other sensor properties, go the
Sensors screen (see page 55).

Relay Control To set up the GLX for control of aDigital Relay?® through a
Digital Adapter, connect the relay to the adapter and connect the adapter to the
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22|fthe Add menu is too long to fit on the
screen, arrows (W, #) appear on the
menu to indicate that some of the menu
options are not visible.

Press the up or down arrow key multiple
times to move the highlight beyond the
visible portion of the menu. The menu will
scroll to bring other options into view.

(B 1t you are using a mouse, you can
click the arrows to scroll the menu.

233ee page 28 for instructions on choos-
ing data to display in the Table.

Select the timer to be deleted
and press (F2) or (&)

6:16:38 Py 01/01/00 XplorerGLX lolel=]
%

Phatogate and Picket Fence
Band Spacing ()  aos)
Fasition F
Welocity fisinle 7
Acceleration isiole M

Add '| Remaoe |

2D

2The ScienceWorkshop Motion Sensor
is PASCO part CI-6742. The
ScienceWorkshop Rotary Motion Sen-
sor is PASCO part CI-6538.

25The Digital Relay is PASCO part
Cl-6462.
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GLX. The Add menu will open automatically; select Relay Control.?? Both ports
of the adapter will be configured for Relay Control (though they are controlled
separately), so you can connect a second relay to the adapter with no additional
set-up required. You can connect up to four Digital Adapters, each with two
ports, for up to eight separately controlled output channels. See page 51 for infor-
mation about controlling digital output through the Calcul ator.

To use aDigital Relay and adigital sensor simultaneously, connect them to sepa-
rate adapters.
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Data Properties

heasurement Mame Temperatura
Measurement Unit °C
MNumeric Style Fizzed Decimals Tl

Murnber Of Digjts

[
EE for Exponent <= -3
.+

EE for Exponent == +
Zero | Value| < S.0E-4

Data Properties dialog box

Every data set and data source in the GL X has data properties, which control how
the data are displayed in the Graph, Table, and other screens.

To Open the Data Properties Dialog Box

To access and edit the properties of a data source, set up the Graph or Table to
display the data source, then open the data source menu and select Properties.?8 26 For instructions on displaying data in

The Data Properties dialog box will open. the Graph and selecting items from the
data source menu, see pages 13 and 15.

. For instructi displaying data in th
You can also access the data properties of a sensor measurement from the Sen- or InSHUCHIoNs on cispiaying daa in the
Table and selecting items from the data

sors screen. In the Sensors screen, press (F2). (See page 55 for more informa- source menu, see pages 28 and 28.
tion.)

When you are finished viewing or editing the data properties, press (£ (OK) to
close the dialog box and return to the previous screen, or press Cr2) to cancel
any changes.

Navigating in the Data Properties Dialog Box

Measurement Name The Measurement Name is the label that designates a
data source on agraph axis or at the top of atable column. You may want to edit
the Measurement Name to add more information about that measurement
(change “Temperature” to “Water Temperature,” for instance) or to shorten it
(change “Force’ to “F,” for instance).

To edit the Measurement Name, use the up and down arrows keysto highlight it
and press () (or click it if you are using amouse). Type the new name on the
keypad and press (¥) (or press =) to cancel).

See “Multipress Text Input Mode” on page 90 for instructions on using the
keypad to enter text.

Measurement Unit The M easurement Unit isthe name of units that are dis-
played on a graph axis or at the top of atable column.

You many want to edit the M easurement Unit to add unitsto a calculation or
manually entered data set, or to abbreviate or spell out the units of a sensor mea-
surement. For instance, you might change “m” to “meters.”

To edit the Measurement Unit, use the up and down arrows keys to highlight it
and press () (or click it if you are using amouse). Type the new unit name on
the keypad and press () (or press &) to cancel).
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Data Properties

See “Multipress Text Input Mode” on page 90 for instructions on using the
keypad to enter text.

Note that changing the name of the units will have no effect on the actual data.
For instance, if you change the name of the Temperature units from “°C” to “°F,”
the numeric values of displayed temperature will not change. To change the
actual unit of measure, select the unitsfield in the Graph (see page 15), Table
(page 29), or other display; or create a calculation (see page 47).

Numeric Style and Number of Digits Select Numeric Style?” and Number
of Digits® to set how numbers are displayed in the Table and Digits displays.

The meaning of Number of Digits depends on the selected Numeric Style, as
described bel ow.

* Fixed Decimals: in this style, the Number of Digits determines how many
digits are displayed to the right of the decimal point.

e Significant Figures: the Number of Digits determines the number of signif-
icant figures that are displayed.

e Scientific Notation: all numbers are displayed with a single digit to the left
of the decimal point, and the other digits to the right, followed by symbol E
and an exponent. (The E means “times 10 raised to the power of....") The
Number of Digitsis the total number of digits displayed on both sides of the
decimal point (not including the exponent).

« Engineering Notation: Thisstyleis similar to scientific notation, but there
are three digits to the left of the decimal place and Number of Digits deter-
mines the number of digits to the right of the decimal place.

« NSEW 000°00.000: Use this style for longitude or latitude data collected
with a GPS sensor. The data will be displayed in degrees and minutes.

EE for Exponent <= This data property determines the smallest number that
will be displayed without using exponential notation. A value of -3, for instance,
means that anything less than or equal to 10”2 will be displayed in exponential
notation.

EE for Exponent >= This data property determines the largest number that
will be displayed without using exponential notation. A value of 6, for instance,
means that anything greater than or equal to 10° will be displayed in exponential
notation.

Zero |Value| < This data property is the smallest absolute value that will be dis-

played. Any number with a smaller absolute value will be displayed as 0.

27To select a Numeric Style

Keypad

1. Use the arrow keys to highlight
Numeric Style.

2. Press (¥) to open the menu.

3. Use the arrow keys to highlight the
desired style and press (¥); or press
the number on the keypad corre-
sponding to the desired style.

Mouse
1. Click Numeric Style to open the menu.
2. Click the desired style.

28To select the Number of Digits

Keypad

1. Use the arrow keys to highlight Num-
ber of Digits.

2. Press (® or (= increase or
decrease the value.

Mouse

1. Click Number of Digits to highlight it.

2. Press (®) or (=) increase or
decrease the value.
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Calibration

Some of the sensors that you use with the GLX can be calibrated in the Calibra-
tion dialog box, which is accessible through the Sensors screen. Calibration can
make a measurement more accurate or adjust multiple measurements so that they
agree with each other.

Sensors designed for calibration include the temperature probes included with the
GLX. Certain other PASPORT sensors are also calibratable. To find out if a sen-

sor can be calibrated, check its documentation, or connect it to the GLX and look
for it in the Sensor field of the Calibration dialog box.

To Open the Calibration Dialog Box
From the Sensors Screen?® follow these steps. 293ee “Sensors Screen” on page 55.
1. Press to open the Sensor Menu.

2. Usethearrow keysto highlight Calibrate and press () ; or press the num-
ber on the keypad corresponding to Calibrate.

The Calibration dialog box will not open during data collection.

Theory of Calibration

To skip to the practical instructions on calibrating a sensor, see “Navigating in
the Calibration Dialog Box” on page 73 and “Calibration Procedures” on
page 75.

One of the functions of the GLX is to take the stream of raw data from a sensor
and transform it into the calibrated data that you see in the Graph, Table, and
other displays. If you do not calibrate a sensor yourself, the GLX uses a default
calibration that isloaded when the sensor is connected.

You can think of the GLX as containing a device that takes in raw data and out-
puts calibrated data.

Raw Input Measurement Calibrated Output Measurement
(from sensor) (to Graph, Table, etc.)

1 Calibration >

When you perform a calibration, the GL X redefines the linear equation that
transforms the raw input into the calibrated output. The linear function is of the
form:

Raw Input = Slope x Calibrated Output + Offset
Or:
Cadlibrated Output = (Raw Input — Offset) /Slope

This function can be graphically represented as aline.
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Input Data

%Alnput

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i Slope  Alnput
AOutput OP€ =XOutput

N

/ Output Data

Two points, Pt 1 and Pt 2, define the line. In the two-point calibration procedure,
each point is reset by associating a known standard value (for instance, the pH of
abuffer solution) with araw input measurement that the sensor sendsto the GL X
when it isin that standard. In a one-point calibration, only one of the pointsis
reset by the user.

Types of Calibration

There are three types of calibration: two-point, one-point slope, and one-point
offset. Any of these calibrations can be performed on a single sensor, or simulta-
neously on multiple similar sensors; however, for any given sensor, the GLX will
automatically select the most typical calibration type as the default setting.

Two-Point In atwo-point calibration, you reset two pointsto define anew line.
Thistype of calibration affects both the slope and the offset. For step-by-step
instructions on the two-point calibration procedure, see page 75.

old
Kcalibration

Pt 1
new
calibration

Input Data

Output Data

Two-point calibration; two points are set to redefine the line

One-Point Slope In aone-point slope calibration, you reset only one point.
The slope of the line changes so that the line intersects the new point, while the
offset (or Y-intercept) does not change. For step-by-step instructions on the one-
point slope calibration procedure, see page 76.

new
calibration

Input Data

slope changes

old
X calibration
Offset
does not
change
7 Output Data

One-point slope calibration; the line changes its slope to intersect the new point
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One-Point Offset In aone-point offset calibration, you reset only one point.
The line shifts so that it intersects the new point, but its slope does not change.

new

g calibration

-.D- new \

a point old

£ calibration

line shifts

\

Output Data

One-point slope calibration; the line shifts to intersect the new point

Offset calibration is usually used to make one sensor agree with another sensor.
The graph below on the left shows the measurements from two temperature
probesin the same container of water. Due to normal variation among probes, the
second probe consistently reads about 0.08 °C higher than the first probe. Nor-
mally this difference would be insignificant; however, an offset calibration can
be used to bring the sensors into closer alignment. See “ One-Point Offset Cali-
bration or Multiple-Measurement Alignment Procedure” on page 77 for step-by-
step instructions.

2:30:50 PR 01419705 XplorerGLY b 0® One measurement  _2i26:20 P 01413/05 XplorerGLX  {}@ O
Run #1 (10,4950, 20.8) Run #1 is shifted to align Run #2 (10,2950, 20.8) Run #2
with other

measurement

0.9
20,9
209

EJ

20.8
20.8
Te

Termperature (*C)

mperatufe? °C)
Terfiperature (°C)
Temperature2 (°C)

20
20.8

1} 2 4 B 8 10 2 4 -1 8 1
Time (s Time (51
Auto Scale \ Scale/Move |TDDlS '|\i| Graphs = Auta Scale | Scale/hove |Tools '|I£| Graphs  ~
Before offset calibration After offset calibration

Navigating in the Calibration Dialog Box

For step-by-step instructions on the calibration procedure, see page 75.

The Calibration dialog box contains alist of fields that are used to select the mea-
surement (or measurements) to be calibrated, and to enter the parameters of the
calibration. One of the fields is always highlighted. Use the up and down arrow
keys to move the highlight to a different field.

You will sometimes see an up or down arrow (#™ or *) near the bottom of the
dialog box indicating that more fields are available, but not currently visible.
When you see the up arrow displayed on the screen, you can press the up arrow
key on the keypad multiple times to make more fields visible. When you see the
down arrow displayed on the screen, you can press the down arrow key to make
more fields visible.
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Calibra

tion

Temperature ("C) 7

Calibrate selected measurement anly. '|

Calibration Type
PL1 (°C)
Ft1(DegC)

2 Paint 7
0.000
0.000

v

2414 ¢°Ch 24,14 (Deg ©)

ok |

cancel | ReadPt1 | ReadFPt2

Calibrate Sensars

Calibrate selected measurement anly, M

Calibration Type
PE1 (°C)

PL1 (DegC)

2 Point T
0.000
0.000

2414 (°0) 24.14 (Deg C)

ok |

Cancel | ReadPt1 | ReadPtz

Sensor Field
Measurement Field
Single/All Field
Calibration Type

Arrow indicating that
additional fields can be
displayed with the down
arrow key

Pt 1 Standard Value
Pt 1 Sensor Input Value

Pt 2 Standard Value

Pt 2 Sensor Input Value
Arrow indicating that
additional fields can be
displayed with the up
arrow key

The top and bottom portions of the Calibration dialog box

Sensor Field Highlight this field and press (+) or (=) to cycle through the
calibratable sensors connected to the GLX.

Measurement Field Highlight thisfield and press (&) or (=) to cycle through

the calibratable measurements of the selected sensor.

Single/All Field Highlight the Single/All Field and press (¥) to switch
between “ Calibrate sel ected measurement only” and “ Calibrate all similar mea-

surements.” 30

Calibration Type In most cases, it is not necessary to access this field because
the GL X automatically selects the most typical calibration type for the selected

measurement.

To override the automatic selection, highlight Calibration Type and press () to
open the menu. Highlight the desired calibration type and press (), or pressthe
number on the keypad corresponding to the desired type. The options are 2 Point,

1 Point Slope, and 1 Point Offset.

Pt 1 Standard Value Highlight this field and press (¥) . Enter avalue and

press (D).

Pt 1 Sensor Input Value Itisusually not necessary to access thisfield

because its value is entered automatically when you press CF).

To enter avalue manually, highlight the field and press () . Enter avalue and

press (D).

Pt 2 Standard Value Highlight thisfield and press () . Enter the value of the

standard and press ().

Pt 2 Sensor Input Value It isusually not necessary to access thisfield

because its value is entered automatically when you press (Fo.

To enter avalue manually, highlight the field and press (+) . Enter the value of

the standard and press ().

30see “One-Point Offset Calibration or
Multiple-Measurement Alignment Proce-
dure” on page 77 for more information.
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Because they are not needed, the fields for Pt 1 are hidden when the 1 Point
Slope calibration type is selected, and the fields for Pt 2 are hidden when the
1 Point Offset calibration type is selected.

Calibrated Output and Raw Input Two live values are displayed at the bot-

tom of the Calibration dialog box: the Calibrated Output M easurement and the M el Ty
Raw Input Measurement. The Raw Input Measurement is the data transferred — D:; = .
from the sensor to the GL X. The Calibrated Output M easurement is the value Calibration Type SroiG =
resulting from the currently defined calibration. The Calibrated Output Measure- PLI CO) . oo
ment is displayed in the Graph, Table, and other displays. Pt1 (Deg ) L oo
24,14 (°C) 24,14 (Deg :

ok A cancel [ ReadPt1A] ReadPt2

Note About Raw Input Measurement

. . : Calibrated Output Raw Input
The value and units of the raw input measurement data can be confusing because Measurement Measurement

they do not necessarily have an obvious meaning. Depending on which sensor Live Data
you are using, the raw input may represent the default calibration, the voltage

produced by an electrode in the sensor, or the digital output of the sensor’s ana-

log-to-digital converter.

Keep in mind that it does not matter what the valueis, or what its units are. It is

only important that the raw sensor input variesin direct proportion to the quantity
being measured.

Calibration Procedures

If you don’t know whether a two-point or one-point slope calibration is best
suited for a particular sensor, follow steps 1-3 of either procedure and
observe the Calibration Type that is automatically selected.

Two-Point Calibration Procedure

A two-point calibration requires two known standards. For instance, if you are
calibrating a pH sensor, you might use two buffer solutions: one of pH 4 and the
other of pH 7.

The fields of the Calibration dialog box are identified on page 74.

1. From the Sensor field, select the desired sensor.
2. Fromthe Measurement field, select the desired measurement.
3. Setthe Single/All field to “ Calibrate sel ected measurement only.”

4. From the Calibration Type menu, select 2 Point, if it is not already selected.
Enter standard

5. Place the probe in the first known standard. value here
Calibrate Sensars

6. Enter the value of the standard in the Standard Value field for Pt 1. phVORP/ISE Temperature Sens|r -
ol ]
7. Observethe Raw Input Measurement displayed near the bottom right corner Callbrate selected measurement ony. "j
. . . g i i i T
of the screen and wait until it has stabilized. II——IE o —
PE1 (mi)

v

4.000 (pH) 177.0 (i)

ok | cancel [ ReadPt1 | ReadPtz

Press (7D to copy Raw
Input Measurement to Pt 1
Sensor Input Value
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10.

11.

12.

13.

Calibration

Press (F3) to read the sensor input value of Pt 1.

Note that the Raw Input Measurement has been automatically entered into
the Pt 1 Sensor Input Valuefield, and the standard value is now displayed as
the Calibrated Output M easurement.

Place the probe in the second known standard.
Enter the vaue of the standard in the Standard Value field for Pt 2.

Observe the Raw Input Measurement displayed near the bottom right corner
of the screen and wait until it has stabilized.

Press to read the sensor input value of Pt 2.

Note that the Raw Input M easurement has been automatically entered into
the Pt 2 Sensor Input Value field, and the standard value is now displayed as
the Calibrated Output M easurement.

Press (A1) to accept the new calibration and return to the Sensors screen, or
press Cr2) to cancel the new calibration and revert to the previous or default
calibration.

Calibrate Sensars

Calibrate selected measurement only. 7
Calibration Type 2 Point Tl
PE1 (pH) ﬂl
P2 (V)
-~
7.000 (pH) 0.0000 ()
ok | cancel [ ReadPt1 | ReadPt2z

vy

Accept new calibration Cancel new calibration
and return to Sensors and revert to previous
screen calibration

One-Point Slope Calibration Procedure

A one-point slope calibration requires one known standard. For instance, if you
are calibrating a dissolved oxygen sensor, you might use 100% saturated water,
for which you can look up the oxygen concentration based on temperature and
pressure.

The fields of the Calibration dialog box are identified on page 74.

From the Sensor field, select the desired sensor.
From the M easurement field, select the desired measurement.
Set the Single/All field to “ Calibrate sel ected measurement only.”

From the Calibration Type menu, select 1 Point Slope, if it is not already
selected.

Place the probe in the known standard.

Enter standard
value here

Calibrate Sensors

Calibrate selected measurement only, _'|
Calibration Type 7 Point 7
PET (pH) 4foag
PE1 (i) V7.0
PE2 (W)
Moo
7.000 (pH) 0.0000 (mv,
ok | cancel [ ReadPt1 | ReadPtz
Press to
copy Raw Input
Measurement
to Pt 2 Sensor
Input Value
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6. Enter the value of the standard in the Standard Value field for Pt 2.

7. Observe the Raw Input Measurement displayed near the bottom right corner
of the screen and wait until it has stabilized.

8. Press to read the sensor input value.

Note that the Raw Input Measurement has been automatically entered into
the Pt 2 Sensor Input Valuefield, and the standard value is now displayed as
the Calibrated Output M easurement.

9. Press (/) to accept the new calibration and return to the Sensors screen, or
press Cr2) to cancel the new calibration and revert to the previous or default
calibration.

One-Point Offset Calibration or Multiple-Measurement Align-
ment Procedure

If you are making two or more simultaneous measurements of the sametype, it is
sometimes desirable to dightly adjust the calibrations so that al of the measure-
ments agree. For instance, if you are using several temperature probes, you may
find that they have slightly different readings when immersed in the same con-
tainer of liquid; a multiple-measurement alignment will make all of the probes
read the same temperature.

This procedure is aone-point offset calibration performed on two or more similar
measurements simultaneously.

The fields of the Calibration dialog box are identified on page 74.

1. Fromthe Sensor field, select the desired sensor.

2. From the Measurement field, select the desired measurement.3!
3. Setthe Single/All field to “ Calibrate all similar measurements.”
4. From the Calibration Type menu, select 1 Point Offset.

5. Placeall the probes so that they are all measuring the same thing. It is not
necessary to know the value of what they are measuring at this point. (For
instance, place all the temperature probes into the same container of water.)

6. Press (Fs). Note that the Calibrated Output Measurement has been auto-
matically entered into the Pt 1 Standard Value field, and the Raw Input Mea-
surement has been automatically entered into the Pt 1 Sensor Input Value
field.

7. Press (A to accept the new calibration and return to the Sensors screen, or
press Cr2) to cancel the new calibration and revert to the previous or default
calibration.

To confirm that the measurements are aligned, open the Digits display and view
two or more of the measurements simultaneously while recording data. They
should be identical or very close.

For information on the Digits display, see page 37.

IEERER
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Enter standard
value here

Calibrate Sensors

Dissobved Oxygen Sens ﬂ
Dissoled Owxygen (mgs ) |

Calibrate selected measurement only,

1 Point Slope \
Pt 2 (Units) 03060

Calibration Type

9.060 (mgdL) 0.9060 (Units J

ok | cancel | | ReadPtz

Press to
copy Raw Input
Measurement
to Pt 2 Sensor
Input Value

31n this case, the calibration of the
selected measurement will not change.
Rather, the calibrations of all other simi-
lar measurements will be changed to
match the selected measurement.

Calibrate Sensors

Temperature Sensor |

Termperature (°C) '|

Calibrate all similar measurements. |

Calibration Type 1 Foint Offset

PE1 (°C)
Pt1 (Deg C)
23.87 (°C)
ok [ cancel | ReadPt1 |

Press (FD to copy
Calibrated Output
Measurement to Pt 1
Standard value;

and Raw Input
Measurement to Pt 1
Sensor Input Value
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Data Files Screen

Collected data, calculations, notes, display configurations, and sensor settings are
all stored in the GL X's memory. You can save datain afile during or after an
experiment, or save a file without data to use as the starting point of an experi-
ment. Use the Data Files screen to view, create, copy, move, and del ete these files
and their components. In this screen you can also transfer filesto and from a sec-
ond GLX or aflash drive connected to the USB port.

To Open the Data Files Screen
From the Home Screen, do one of the following:
e o L
@%@ use the arrow keys to highlight the Data Filesicon, then press (¥); or
@/ click the Data Filesicon.
Navigating in the Data Files Screen
The Data Files screen is divided into two sections: the Folder Selector and the
File List. The Folder Selector is used to select one of the GLX’stwo data-storage
locations. The File List displaysthe files stored in the selected fol der.
At any time, the focusis either on the Folder Selector or the File List, indicated

by adark box surrounding that section. The focused section a so has one of its
items highlighted.

-

Drata Files

The Data Files icon on

the Home Screen

0:22:41 AM 01/01/00 file ¢ = 0:23:22 AM 01/01/00 file ¢ @ D e
Folder f ] = =]
Selector Y\  Flash Dark box AN Flash
RAM: Size 2N1.8 ME, Free = 11.8 ME surrounding RAM: Size = 11,8 ME, Free = 11,8 MB
active section
B file [Gpen] [Mot Saved] i file ¢ [Open] [Mot Saved]
Bifile a 14 KB 01401/00 Bfile a 14 KB 01/01/00
Bfile b 14 KB 01401/00 Bfile b 14 KB 01/01/00
File List T iqhli
Highlighted folder Highlighted
file list entry
Open | Sae | Deleteall [Files 5 open [ sawe [ Delete [Files i

Folder Selector active

Press the down arrow key to move the focus from the Folder Selector to the File
List section. Press the up arrow key (when the highlight is on the top entry of the
File List) to move the focus from the File List to the Folder Selector.

If the File List is empty, the focus cannot be moved to it.

Navigating in the Folder Selector

There are two foldersin the Folder Selector: RAM and Flash. When the Folder
Selector has the focus, the selected folder is highlighted. Press the left and right
arrow keysto switch between RAM and Flash. The size and free capacity of the
selected folder areindicated below the Folder Selector. The filesin the selected
folder are displayed in the File List section.

Press the down arrow key to movethe focusto the File List of the selected folder.
When the focus is not on the Folder Selector, the selected folder isindicated by a
dashed box.

File List active

Selected folder;

Press §{) to change selection

0:22:41 AI/D‘IJ'D‘I/DD

file c o B =
=Y
Flash
RAN: Size = 11.8 ME, Free = 11.8 B
B file [Open] [MatSaved]
Bfile a 14 KB 01/01/00
Bfile b 14 KB 01/01/00
Open | Save Delete ALl |Files N
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For more information on the RAM and Flash data-storage locations, see
page 82.

Navigating in the File List

When thefocusis on the File List, a highlight appears on one of the entries. Press
the up and down arrow keys to move the highlight.

The entriesin the File List consist of:

The Active File Thisisthe open file that you are currently working with. It
always appears as the first entry in the RAM file list. Any datathat is recorded
becomes part of the active file.

The active file may be saved or unsaved (see“F2 Save’ on page 80). If you have
collected data or you have changed any settings since the last time you saved the
active file, the saved version of the active file may not match the current state of
the GLX.

Saved Files These are filesthat are stored but not necessarily open. Thefilelist
indicates the size of each file and the date on which it was last saved. When you
open a saved file (see “F1 Open” on page 80), it becomes the active file.

File Contents By default, thefile contents are hidden. To view the contents of a
file, highlight the file and press the right arrow key. To hide the contents, press
the left arrow key. Theicon to the left of the file indicates whether afile can be
expanded or contracted.

Thefile contentsinclude the following types of components, which can be recog-
nized by their icons.

e Sensorsand timers. Every sensor or timer that appears in the Sensors
screen of the file receives a separate entry in thefilelist. (See “Sensors
Screen” on page 55.)

« Dataruns. If the file contains data collected from sensors, each data run
appears as afilelist entry with the time at which data collection started. A
datarun represents all of the data recorded from all of the connected sensors
within asingle period of data collection. By default, data runs are named
Run #1, Run #2, etc., but they can be renamed (see “Rename” on page 81).

« Manually entered data. Each column of data that has been entered in the
Table appears as a separate entry. (See “Manually Entered Data” on

page 32.)

e Calculations. Every equation or expression entered in the Cal culator
appears as a separate entry. (See “ Calculator” on page 41.)

« Displays. If the Graph or Table in the file has been altered from its default
settings, it appearsin thefilelist. If multiple graph pages exist, each page
appears separately. (See “Graph” on page 13 and “ Table” on page 28.)

¢ Notes. If one or more Notes pages exist in thefile, they are represented by a
single entry. (See “Notes Screen” on page 53.)

The GL X saves al the components of afile, but not all of them appear inthe File
List. The hidden components include the Digits display configuration, Output
settings, and data properties.
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Data Files Screen

(B~ Mouse Navigation

If you are using a mouse, click RAM or Flash to view the File List for each
folder. Click thefile or file component to highlight it. Click theicon to the left of
afileto show or hide the file contents.

Data Files Function Keys

F1 Open
To open asaved file, highlight it in the File List and press (£ (or click Open).

If changes have been made to the current active file since it was last saved, adia-
log box will ask if you want to save the file. Select Yes ((F)) to save the active
file before the new file is opened. Select No (CF2)) to open the new file without
saving the active file; any changes you have made to the active file since it was
last saved will be lost. Select cancel ((F2)) to keep the active file open and not
open anew file.

To make the active file revert to its |ast-saved state, highlight it and press (7
(Open). When the dialog box asks if you want to save changes, select No ((F2)).

F2 Save

Press Cr2) (or click Save) to save the activefile. If aprevious version of the file
had been saved in RAM, it will be overwritten. If the active file had originally
been opened from the Flash folder, a new copy will be saved in the RAM folder.
F3 Delete

To delete afile, highlight it in the File List and press CF2D (or click Delete). A
dialog box will ask for confirmation before the file is deleted; select OK (CF)

or Cancel ((RD).

You can use instead of (72D to delete a single file.

If you delete the active file, it will be unloaded from the GLX and the last copy
saved in RAM will be deleted.

To delete a data run or manually entered data set from the activefile, highlight it
and press (Fs) (or click Delete). To delete an individual data run or data set
from a saved file, the file must first be opened.

When the Folder Selector is active, the CFs) option is Delete All. Highlight the
RAM or Flash folder and press CFsD (or click Delete All) to delete the entire
contents of that folder.

F4 Files
Press (or click Files) to open the Files menu. The contents of this menu
change depending on what item is highlighted in the File List or Folder Selector.

Possible menu options are described below.

New File This option is always available from the Files menu. Select it to
unload the current active file and create a new active file.®2

Save changes to the file 'Untitled'?

fes \ Mo | Cancel |

D =

3270 select an option from the Files
menu

Keypad

1. Press to open the Files menu.

2. Use the arrow keys to highlight the
desired menu option and press (V);
or press the number on the keypad
corresponding to the desired menu
option.

Mouse
1. Click Files to open the Files menu.
2. Click the desired menu option.
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If changes have been made to the current active file since it was last saved, adia-
log box will ask if you want to save the file. Select Yes (CFD) to save the current
active file before it is unloaded. Select No ((CF2)) to unload the file without sav-
ing it; any changes you have made since it was last saved will belost. Select can-
cel ((FD) to keep the current active file open and not create a new file.

Save As This option appears in the Files menu when the active fileis high-
lighted. Select Save As to save the active file with a new name.

Enter the new file name on the keypad (see “Multipress Text Input Mode” on
page 90) and press (V).

Move File Move File appearsin the Files menu when a saved file (other than
the active file) is highlighted. Use this option to move the highlighted file from
the RAM folder to the Flash folder, or vice versa.

When you select Move File, anicon appearsin the Folder Selector section of the
screen. Press the left or right arrow key to place the icon next to RAM or Flash
and press (V) . Thefilewill be moved to that folder.

You cannot move the active file, because that file must remain in the RAM
folder. To place the activefile in the Flash folder, press (F2) to saveit, then use
Copy File (see below) from the Files menu.

Move All Files This option appearsin the Files menu when the Folder Selector
has the focus and the selected folder contains saved files other than the active
file. Move All Filesis similar to Move File, but it moves every saved filein the
selected folder, except the active file, to the folder that you choose.

Copy File Thisoption appears in the Files menu when any saved fileis high-
lighted. Copy Fileissimilar to Move File, but, instead of moving thefile, a copy
of the fileis placed in the folder that you choose.

If Copy Fileisused on the activefile, the last saved state of the active file will be
copied. Any changesthat have been made to the active file since you last saved it
will not be part of the copied file.

If you place the copied filein adifferent folder, it will have the same name as the
original. If you placeit in the same folder, the words “ Copy of” will be added to
the original name.

Copy All Files Thisoption appearsin the Files menu when the Folder Selector
hasthefocus. Copy All Filesissimilar to Copy File, but it copiesevery savedfile
in the selected folder to the folder that you choose.

Rename This option is available when afilein the RAM folder or adatarunin
the active file is highlighted. Follow these steps to change the name of afile or
datarun.

1. Highlight the file or data run.

2. Select rename from the Files menu.

3. Enter the new file name on the keypad (see“ Multipress Text Input Mode” on
page 90) and press () (or press G=) to cancel the name change).

You can rename afile or run without opening the Files menu. Highlight the file
or run and press (¥) . Type the new name and press (V).
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Press @ and @ to place the icon next to
RAM or Flash and press (V).
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) Flash

Select a destination to move the file to,
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B file ¢ [Open] [Mot Sawed]

B file b 14 KB 01/01/00

QK | Cancel | |

Move or Copy File
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Data Files Screen

RAM and Flash

File Size Limits

The GLX hastwo types of memory for file storage: RAM and Flash, represented
by two folders in the Data Files screen. By default, files are saved in the RAM
folder. Whether it is most appropriate to store afilein RAM or Flash depends on
how you intend to use thefile.

Filesin the RAM folder are saved in the GL X's random access memory. With a
capacity of about 12 MB, the RAM folder islarge enough to store many files,
including ones containing large data sets. Files can be saved to RAM quickly and
easily.

Files copied to the Flash folder are stored in a specia type of programmable
read-only memory. Use the Flash folder to store files that you do not want to be
easily altered, such as configuration files for experiments or sample datafiles.
When you open afile from the Flash folder and save it again, it does not over-
write the original file; rather, it saves a copy in the RAM folder. This property
prevents users from accidentally saving collected data over afile designed to be
used as an experiment set-up file.

Files saved in either RAM or Flash will remain saved even if the GLX's battery
runs too low for normal operation. When the battery drainsto acritical level, the
GLX shuts down, reserving enough energy to maintain the RAM memory until it
can be connected to AC power. However, if you store the GLX for several days
without power connected after the battery has drained to the critical levdl, it is
possible for the battery to run so low that RAM is erased.

Flash memory does not require any power to store data permanently. You can
leave the GL X unpowered for any amount of time without losing files saved in

the Flash folder.33

333ee page 94 for more information
about battery power and data storage.

In order to reserve enough free RAM capacity to save adatafile, the GLX limits
asinglefileto 4 MB. If that size limit is reached, data collection will automati-
cally stop. To collect data after the file-size limit has been reached, delete exist-
ing dataor start anew file. Datacollection will also stop if the size of the datafile
exceeds the free space remaining in RAM. Since a4-MB file typically contains
over 100000 data points (depending on the sensors used), most users will not be
affected by these limits.
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Using the GLX with a USB Storage Device

If you have a USB storage device®* (such asaUSB flash drive), you can useit to
add storage capacity to your GL X, back up data, and transfer data to another
GLX or a computer.

See also “Export All Data” on page 32 for instructions on exporting data as a
tab-delimited text file to USB storage.

Connect a storage device to the larger USB socket (labeled with <<>+) on the
side of the GLX.

File Transfer

When a USB storage device is connected to the GL X, athird icon appearsin the
Folder Selector of the Data Files screen.

Thisicon represents the USB storage “folder.” Use this folder like the standard
RAM and Flash folders to open, delete, move, copy, and rename files (see pages
80-81). You cannot open afile directly from USB storage; you must first move
thefile to the GLX’s RAM or Flash folder. After you have saved files on the stor-
age device, you can unplug it and connect it to any other GLX to open thefiles.

If you connect the storage device to a computer, you will find the files on the
device'sroot level. See page 101 for instructions on opening these filesin
DataStudio, or page 104 for instructions on opening them in the GLX Simulator.
You can also copy GLX files®® from the computer to the storage device, and later
open these fileson a GL X. When you copy or save a GL X file from your com-
puter to the storage device, you can put it at the root level or in afolder; when the
deviceis connected to a GL X, the GL X searches through the entire device and
displays al GLX filesin the Data Files screen.

Backup and Restore GLX Files

To back up the GL X, go to the Data Files screen and press to open the Files
menu; select Backup GL X Files. All datafiles in the Ram and Flash folders and
all settings are copied to the flash drive. To restore these files and settings, press
to open the Files menu and select Restore GL X Files. Once a GL X has
been backed up onto a storage device, you can restore the files and settings onto
any other GLX.

The back-up and restore oper ations may erase and overwrite files and settings on
the GLX or flash drive. When you back up a GL X, any previous GLX back-up
dataon the flash drive is overwritten. When you restore backed-up data, all previ-
ous files and settings on the GLX are overwritten.

Data that you have stored using the GL X backup operation can only be accessed
using the restore operation. If you want to save multiplefilesthat can be accessed
individually, use the Move All Files or Copy All Files options from the Files
menu (see page page 81).

If you connect the flash drive to a computer after you have backed up a GLX,
you will find a folder named GLXBackup, which contains the back-up data.
This folder and the files in it are intended only for access by the GLX when it
performs the restore operation.
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34The USB storage device must be for-
matted using the FAT16 or FAT32 file
system. Most flash drives are formatted
this way. Other mass-storage devices
such as portable hard drives and audio
players may also be compatible. You can
use a USB card reader, however the
card must be in the reader before you
connect the reader to the GLX.

USB Storage
1:19:04 PR 10417/05 ‘*mrerGLx AlCI=]
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RAR Flash

Fat32: 5ize = 121.0 MB, Free =1 KB

Open [ save [ Deleteal [Files 5

A third folder appears when a USB
storage device is connected

35GLX files on your computer may have
been transferred there from another GLX
(see page 100) or created using the GLX
simulator (see page 103).
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GLX-to-GLX File Transfer

To transfer files directly between two GLXs, connect the larger USB port of one

GLX to the smaller USB port of the other GL X using the included USB host-

connection cable.

The GLX connected by the larger USB port isthe host unit, and the one con-

Host GLX

Remote GLX

Use the host-connection cable to connect two GLXs

nected by the smaller port is the remote unit. All GLX-to-GL X file-transfer oper-

ations are controlled in the Settings screen of the host unit.

When aremote GLX is connected, two additional folders appear in the Settings

screen of the host GLX, which represent the RAM and Flash folders of the
remote unit. Use these folders like the host RAM and Flash folders to open,

delete, move, and copy files (see pages 80-81). You cannot open afile directly
from the remote GLX; you must first move the file to the host GLX's RAM or

Flash folder.

The Data Files screen with a remote GLX connected

Remote GLX
Folders

1:24:47 PR 10417405

= Ca = ga
R Flash RAR Flash
RAK: Size =11.8 MB, Free = 11.8 MB

B Untitled [Open] [Mat Saved]

Open | Save | Delete All |Files -
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Settings Screen
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Settings screen

The Settings screen contains the controls for how the GLX environment looks
and acts.

To Open the Settings Screen

From the Home Screen, do one of the following:
@ch@ use the arrow keys to highlight the Settingsicon, then press (*); or

@J click the Settingsicon.

Settings

To change any of the settings, use the arrow keysto highlight the setting and

press (D.
&J If you are using amouse, click the desired setting.

Name If the active file (see page 79) has not been named, the GL X’s name
appearsin the Top Bar. By default, the name of the GLX is“XplorerGLX.” If
you are working with more than one GL X and would like to uniquely identify
each one, change the name of each GLX. Highlight Name and press (). Type
the new name®® and press () .

Date Format The date shown in the Top Bar can be displayed in two formats:
month/day/year (MM/DD/YY) or day/month/year (DD/MM/YY). Highlight
Date Format and press () to switch between the two options.

Time Format Thetime shown in the Top Bar can be displayed in either 12-hour
or 24-hour format. Highlight Time Format and press (@ to switch between the
two options.

See “F1 Set Date and Time” below to manually set the date and time.

Auto Power Off This setting controls how many idle minutes the GLX will
wait before it automatically shuts off or goesinto sleep-between-samples mode
when running on battery power. See “ Auto Power Off” on page 8 for more infor-
mation.

Highlight Auto Power Off and press () to open the menu. Use the arrow keys
to highlight the desired time and press ().
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Settings

The Settings icon on
the Home Screen

363ee “Multipress Text Input Mode” on

page 90.
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Settings Screen

Back Light From anywherein the GLX environment, the easiest way to turn
the screen’s back light on or off isto hold (@) and press ().

You can also operate the back light from the Settings screen. Highlight Back
Light and press (¥D to open the menu. Use the arrow keys to highlight the
desired menu option and press () or press the number on the keypad corre-
sponding to the desired menu option. The options are;

Off;
e On;

e Keypress (10 s): the back light is normally off, but turns on when you press
any key and stays on for 10 seconds; and

e Keypress (30 s): the back light is normally off, but turns on when you press
any key and stays on for 30 seconds.

Screen Contrast From anywhere in the GLX environment, hold down
and press the up or down arrow key to adjust the screen contrast.

From the Settings screen, you can also highlight Screen Contrast and press (+)
to make the screen darker or (=) to makeit lighter.

Language The GLX has severa language options. Highlight Language and
press () to open the menu. Use the arrow keys to highlight the desired lan-
guage and press (V).

An arrow (%) in the lower right corner of the menu indicates that more
menu options are available, but not visible; press the down arrow key to
move the highlight to the bottom of the menu, then press the arrow key again
to make more options visible.

Sensor Auto-Display Sensor Auto-Display causes the GL X to automatically
launch a display (such as the Graph) when you plug in a single sensor while
viewing the Home Screen, or when you turn on the GL X with a sensor con-
nected. This feature is designed to simplify basic data collection with asingle
Sensor.

Sensor Auto-Display is on by default. To turn it off, highlight it in the Settings
screen and press (V).

Startup Action There are two options for Startup Action. By default, the Star-
tup Action is set to “Open New Experiment,” which causes the creation of anew,
empty datafile every time the GLX starts up.

The other Startup Action optionis“Open Last File,” which makesthe GLX open
the most recently saved file whenever it starts up. It is convenient to use this
option if you plan to turn the GLX off and on during an activity, or if the GLX is
likely to automatically turn itself off dueto being left idle.

To change the Startup Action, highlight it in the Settings screen and press (V).

Language Options:
English

Swenska

Morsk

H#5&
G
R
[taliano
Dansk
Deutsch
Frangais
Portugués
Espafiol
Tilirkce

Lyl
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Settings Screen Function Keys

F1 Set Date and Time

The date and time are set automatically when you connect the GLX to a com-
puter running DataStudio.

Follow these steps to set the date and time manually. By L 1
vear L oo

1. Press (7). A dialog box will open with settings for Month, Day, Year, bz 10
Hour, Minute, and Second. E”E'C”D“;Z :il

2. Usethe up and down arrow keys to highlight the setting you would like to
change.

ok [ cancel | [
VD ey R

37|f the Time Format is 12-Hour (AM/
PM), then a menu will open when you

3. Press (®) or (=) toincrease or decrease the selected setting; or press (),
enter the setting on the keypad and press (v) again.?”

4. Repeat steps 2 and 3 until all desired settings have been changed. highlight Hour and press (¥); use the up
and down arrow keys to select the hour
5. Press (/) to accept changes or press (F2) to cancel changes. and press (L again.

F2 Audio Settings Dialog Box

From the Settings screen, press CF2) to open the Audio Settings dialog box.38 T sa

[t Set Wersian B
The audio settings determine how audio notes (see page 25) are recorded and I”-@ |
played back. Some of the Output screen’s default settings (see page 39) are also Audio Settings
based on these settings. After changing any of the settings, press (/9 to accept
the changes or (r2) to cancel. l

Audio Settings
Sample Rate and Bits Per Sample These two settings determine the quality :E;;,.,.I,F”EF,;E e
and size of recorded audio notes. Higher values of either setting result in higher- Bits Per Sample 3 bifs ]
quality audio, but also make audio notes use more of the GLX’s memory. Mic Input Valume 710 7]

Speaker Wolume 7410 T
Mic Input Volume This setting determines the sensitivity of the GLX’s micro- s::s:;[f::;gumm L:t;:galswker -
phone when used for recording audio notes. When set to Automatic, the mic vol-
ume adjusts itself in response to the present sound level. T o] |

ance

Speaker Volume This setting determines the loudness of audio-note playback Audio Settings dialog box

and sound output.

. . ) 38To change an audio setting
Output Device To play audio notes and sound output through the GL X’ s built-

. . . ) Keypad

in speaker, set Output Dewcg to Internal Speaker. Set Output Device to Head 1. From the Settings screen press 7>

phones or External Speak'er if you have headphones or powered stereo speakers to open the Audio Settings dialog box.

connected to the GLX's signal output port. 2. Use the arrow keys to highlight the
desired setting.

Speaker Configuration This setting determines how sound generated in the 3. '?’ess . o ‘

Output Screen is played through headphones or external speakers. If Output 4. :012::;“”?532;rizevtali;rarsév eys

Deviceis set to Headphones or External Speakers, the two options are Mono and press (D).

Stereo; if Output Deviceis set to Internal Speaker, the only option is Mono. Vouse

) 1. At the bottom of the Settings screen,

F4 Version click %® Set to open the Audio Set-
tings dialog box.

Press to see the version numbers of the Firmware, Core, and Power Man- 1. Click the desired setting.

2. If amenu opens, click the desired

ager installed on your GL X. These version numbers represent the updatable por- value.

tions of the GLX's operating system.



88 Settings Screen



Xplorer

GLX Users’ Guide

Chapter 4: Navigation and Input

Data Source Menus

The axes of the Graph, the columns of the Table, the sections of the Digits dis-
play, and the Meter each have a data source field, which you access to choose
what datato display. Selecting any of these data source fields opens a data source
menu containing alist of all available data sources.

Identifying a Data Source

* Inoneof the simplest cases—a GL X with one single-measurement sensor
connected, and no calculations or manually entered data—the data source
menu contains two items, asillustrated to the right. In this example, there is
only one data source option, so it is selected automatically.

Selecting the other option in the menu, Data Properties, opens the Data
Properties dialog box for the selected measurement. See “Accessing Data
Properties” on page 90.

* Inthisexample, the GLX is connected to two single-measurement sensors:. a
Temperature Sensor and a Relative Pressure Sensor. There are two data
sources to choose from. The sel ected data source has a check mark next toit.
The two data sources are from two different sensors, so each has a different
icon.

e Certain sensors make more than one measurement. The data source menu
pictured hereisfrom a GLX connected to a Pressure/ Temperature Sensor.
Note that the two data sources have the same icon, indicating that they both
come from the same sensor.

e Themenu pictured to theright isfrom a GL X connected to two sensors: a
Temperature Sensor and pH/ORP/I SE/Temperature Sensor. The pH/ORP/
| SE/Temperature Sensor makes several measurements, one of which is Tem-
perature. There are two data sources named “ Temperature,” one from the
pH/ORP/I SE/Temperature Sensor and one from the Temperature Sensor.
You can tell which sensor each temperature measurement is from by looking
at the icons next to the measurement names.

Expanding the Data Source Menu
e Themenu pictured to the right is from a GLX connected to a M otion Sensor.

The Motion Sensor makes three measurements: Position, Velocity, and
Acceleration. Only one measurement, Position, isvisible. The “More”
option that appears with aMotion Sensor icon indicates that other measure-
ments are available from that sensor, but are not shown. Select “More” to see
the other available measurements.

* Inthe menu pictured to the right, two sensors are present that each have hid-
den measurements. Therearetwo “More” options, one for each sensor. They
can be distinguished by their different icons.

Data Properties..,

D § Temperature
@ 8% Relative Pressure
(Z)  Data Properties...

o o Absolute Pressure
@ B Temperature
{Zl  Data Properties...

2 5 pH

3 Y Temperature

@ § Temperature

{2} Data Properties...

(2 ndeMare..,

Z  Data Properties...

(1 ad-Pasitian

2 ndehare...
(2 ¥.2Farce, push positive

4 . 2nare.., -

(51 Data Properties...
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Accessing Data Properties

Selecting the Data Properties option from a data source menu opens the Data 0 | Temperature
Properties dial og box for the selected measurement. In this example, the Data ) @Relativ O

Properties for Relative Pressure would open. @  Data Properties..

To access the Data Properties of another measurement, first select that measure-
ment from the data source menu, then open the menu again and select Data Prop-
erties.

For information on the Data Properties dialog box, see page 69.

Multipress Text Input Mode

Multipresstext input is used to enter numbers and letters through the keypad of
the GLX. Each of the GLX s input keys has a number and several letters or punc-
tuation marks printed on it. In multipress mode, repeatedly pressing a key will
cycle through these characters.

The 7 key (@) will cycle through punctuation marks, not all of which are
printed on the key. The charactersin the cycle are:

770@ (), &~%#<>
The 0 key ((©D) cyclesthrough two characters: 0 and a space.

The decimal point key ((-=)) cycles through two characters: a period (or decimal
point) and E, which is used often in scientific notation.

Using a USB Keyboard

For most users, text entry isfaster and easier with aUSB keyboard! connected to 1PASCO part PS-2540 or PS-2541

the GLX. A keyboard also allows the input of capital letters in areas of the GL X
environment where Shift and Caps Lock are not available.

Most keys on the GLX's keypad have an obvious equivalent key on an attached
USB keyboard. The less obvious keyboard equivalents are shown in the table
bel ow.

GLX Key | USB Keyboard Equivalent

Backspace and Delete

@) Enter and Return
@ Home

® F5

® F6

)

* (asterisk)
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Scientific Notation

The GLX displays very large and very small numbers using scientific notation.
You can aso input any number using scientific notation. On the GL X, the letter
E, when it is placed between two numbers (with no spaces) is interpreted as
meaning “times 10 raised to the power of....”

The letter E can always be input by pressing the decimal point key (¢=)) twice,
even when the GLX is not in multipress text input mode.

Below are some examples of scientific notation and their normal equivalents.
5E2 =500
1.234E5 = 123400
56.789E1 = 567.89
6.518E-3 = 0.006518
A lowercase e can be used interchangeably with uppercase E:
4.35e5 = 4.35E5 = 435000

A number expressed in scientific notation must not have a space adjacent to the
E. The number to the left of the E can contain a decimal point, but oneis not
required. The number to the right of the E must not contain a decimal point.

Printing

The Graph, Table, Calculator, Sensors, Output, Notes, Meter, and Stopwatch
screens can all be printed on certain models of printers> connected to the GLX's
USB port. In these screens, select the print command (or commands) from the

menu.

To install a printer on the GLX, simply connect it to the GL X's USB port using
the cable that came with your printer. Drivers for compatible printers are factory
installed on the GLX and updated whenever the GLX receives afirmware update
(see page 93).
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2The list of compatible printers is contin-
ually increasing as new printer models
become available. For an up-to-date list
of compatible printers, visit
www.pasco.com or contact PASCO tech-
nical support at:

support@pasco.com
or

(916) 786-3800

or

(800) 772-8700
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Chapter 5: Hardware Maintenance and

Operation

Firmware Update

From time to time, PASCO issues a free update to the firmware that runs on the
GLX. Updates include new and improved features and bug fixes. Send in the reg-
istration card that you received with your GL X, or register at
www.pasco.com/glx to be notified of new updates.

To check the version of firmware currently installed on your GLX, open the Set-
tings screen (see page 85) and press .

You can always download the latest update from www.pasco.com/glx. Follow the
instructions at the website to download the update to your computer or aUSB
flash drive. When you download the firmware update, also download the latest
revision of this Users' Guide from the same web page.

Installing updates may delete files saved in the RAM and Flash folders of the
GLX. Transfer stored filesto your computer before upgrading the GLX. (See
“Transferring Files” on page 100.)

Updating from a Computer

Once the update is on your computer, connect the GLX to the USB port and run
DataStudio. When DataStudio detects a GL X running an older firmware version,
it will give the option of upgrading that GLX. (See “GL X with DataStudio” on

page 99.)
Updating from a USB Flash Drive!

Connect the USB flash drive containing the update to the GLX’s USB port. Open
the Data Files screen (see page 78). Press to open the Files menu and select
Upgrade GLX Firmware.

Battery and Power

Battery Charging

To charge the battery, simply connect the GL X to the AC power adapter. The
GLX will automatically power on. If its battery isless than fully charged, the
GLX will begin to charge the battery and remain powered on until the battery is
fully charged.?

If the battery isfully charged and AC power is connected, the GL X will automat-
ically save data and shut down after 60 minutes of idle time.® It will periodicaly
power on and top off the battery as needed.

The typical full charging time for a new battery at room temperature is about 14
hours. When practical, alow the GLX to charge its battery in aroom-temperature
or cooler environment. Place the GL X on aflat surface with its stand unfolded to
accommodate air flow and heat dissipation.
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Date Format hAhd DDA T
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Auto Power Off 3 Minutes

Back Light an Tl
Screen Contrast 1]

Language

Sensor Auto-Display
Startup Action

0 Set [

Version numbers displayed in the
Settings screen

1To update the firmware from a flash
drive, the previous firmware version must
be 1.35 or later.

2The icon in the upper-right corner of the
display indicates the condition of the bat-
tery. See page 11 for details.

3The GLX is considered idle when
» the GLX is not collecting data,

 the Stopwatch is not running,

« the GLX is not connected to a com-
puter running DataStudio, and

» the GLX s notreceiving input through
its keypad, a mouse, or a USB key-
board.

See “Timed Auto Power Off” on page 8
for more information.
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Battery and Power

While charging, the GL X monitors its own temperature to prevent overheating.

The maximum recommended ambient temperature for charging is 32 °C (90 °F)
without sensors, or 28 °C (82 °F) with four maximum-load sensors* connected. If
the GL X becomestoo hot, it will temporarily stop charging to allow itself to cool,

resulting in alonger charge time. 4A maximum-load sensor is one that
draws 100 mA of current from the GLX,
such as the PASPORT CO, sensor. Most

Battery Power and Data File Storage PASPORT sensors draw much less cur-

rent.

The GLX’s RAM (random-access memory) requires a small amount of power. In
order to preserve stored data, the GL X automatically shuts down when its battery
begins to run low. At that point, AC power must be connected within three days
to preserve datafiles stored in the RAM folder.

When powered off, disconnected from AC power, and starting with a fully
charged battery, the GL X will store RAM data for two weeks.

Flash memory does not require power. Data files stored in the Flash folder will
be preserved indefinitely even if the battery runs down or is removed.

For permanent storage, save filesin the GLX's Flash folder or transfer filesto a
USB Flash drive or a computer.® 5See “Data Files Screen” on page 78 for
more information.

GLX Storage

To maximize the long-term performance of the battery, keep it charged as much
as possible. Note that the battery will drain slowly even when the GLX is pow-
ered off and disconnected from AC power. When you are not using the GL X, fol-
low these storage guidelines:

*  Whenever possible: Keep the GLX connected to AC power.

¢ Unplugged for morethan a few days: Backup your data and alow the bat-
tery to fully charge before disconnecting the AC power.

¢ Unplugged for morethan a month: Backup your data, allow the battery to
fully charge, then follow the instructions under “Manual Internal Disconnec-
tion” below. A disconnected battery or a GLX in “deep sleep” mode can be
stored for up to ayear before you should recharge it.

Battery Disconnection

Automatic Internal Disconnection

When it is unplugged and turned off, the GLX uses a small amount of battery
power to preserve data saved in RAM. In order to avoid fully discharging the bat-
tery (which is not good for it), the GLX will go into “deep sleep” mode when
either of these conditionsis met:

e The GLX has been unused and unplugged for two weeks.

e Thebattery has drained to acritical level.

When the GLX enters deep sleep mode, it disconnects its battery by opening a
switch on its circuit board. At this point, data saved in RAM islost, but data

saved in Flashis preserved. Connect the GL X to AC power or press the reset but-
ton (on the back of the GLX) to turn it back on.
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Manual Internal Disconnection

If you anticipate that your GL X will be left unused and unplugged for more than
amonth, manually put it into deep sleep mode. Thiswill make it morelikely that
the battery will be charged the next time you use it. Follow these steps:

1. Leavethe GLX plugged in until the battery is fully charged.

2. Unplug the AC Adapter.

Disconnect Battery

Sat 5t version -

3. Open the Settings screen (see page 85).

4. Press (P to open the Battery Set menu. Press (¥) to select Disconnect Select Disconnect Battery
Battery. from the Set menu.
5. You will see awarning message (right). If you are sure that you want to dis- *
connect the battery, press @ for OK. This operation will delete all GLX experiment
files stored in GLX RAM. Are you sure you want
6. The GLX disconnects its battery and powers off. To turn the GLX back on, o continue?
connect the AC adapter or press the reset button on the back (using a paper Ok [ cancel | |

clip). CFy (7
Battery Disconnection for Early Hardware Versions Warning Message

Some earlier versions of the GLX do not contain aswitch for interna battery dis-

connection.’ If you have one of these models and you follow the manual discon- A GLX that does not contain an internal
nect instructions above, the GLX will display a message indicating that it does battery switch can be identified by the
not support internal battery disconnection. If thisis the case, store the GLX con- \'erlflt ;Z“l; g;g;/tqsa?qf(;gzseenTarlu::emubritré\:/ergf:
nected to AC power or remove the battery door on the back of the GL_X and manufactured in 2005 and early 2006,
unplug the battery. (Do not connect the AC adapter when the battery in not You will find the serial number on the bar-
installed.) code sticker on the back of the GLX.

Battery Capacity

The operating time for asingle battery charge depends on many factorsincluding
the age and history of the battery, the number and type of sensors connected, the
use of sound output, and the backlight. At an ambient temperature of 25 °C, a
GLX with a newer battery, no PASPORT sensors connected (using only the
included temperature and voltage probes), sound output turned off and backlight
off will operate for about six to seven hours before it automatically saves data
and shuts down.

You can maximize the operating time by unplugging sensors when they are not
collecting data, using the backlight only when necessary, and turning off the
GLX while not in use.

If the GLX will be collecting data over along time, set the sampling period of all
sensorsto 30 s or greater (see page 56). This will allow the GLX to conserve
power by “sleeping” between samples. Inthis mode of data collection, the battery
will last for several days or more.

Battery Reconditioning and Replacement

Aswith al rechargeable batteries, the GLX’s nickel metal hydride battery will
lose capacity with age and repeated use. Under typical conditions, the battery can
be used for about 500 charge-discharge cycles before capacity loss becomes sig-
nificant.
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Resetting

When the battery’s capacity beginsto decrease, it will continue to function, but it
will require more frequent recharging, and the maximum unpowered time for the
GLX to store datain RAM will decrease.

If this happens, try to recondition the battery by running it through three com-
plete, uninterrupted charge-discharge cycles: Disconnect the AC adapter. Plugin
a sensor. Start data collection and wait until the GL X shuts down due to low bat-
tery. Plug in the AC adapter and let the GLX charge uninterrupted until the bat-
tery gauge indicates full (about 14 hours). Repeat this cycle at |east two more
times.

If the battery can not be reconditioned, replace it with a new battery” (PASCO
part PS-2527): Use a Phillips screwdriver to remove the screws securing the bat-
tery door on the back of the GLX. Remove the door, unplug the old battery, and
install the new battery in its place. Replace the door.

To calibrate the GLX's battery gauge for the new battery, run it through one full
charge-discharge cycle: Connect the AC adapter and allow the battery to fully
charge. Then disconnect the AC adapter, plug in a sensor, start data collection,
and allow the battery to discharge until the GLX automatically shuts down.

Resetting

To Start a New Experiment

To

To

To start a new experiment without turning off the GL X, go to the Data Files
screen (see page 78), press to open the Files menu, and press to select
New File. Previous data, displays, and sensor settings will be unloaded from the
GLX and returned to their default configurations.

Force the GLX to Restart

The following procedures are not necessary in normal GLX operation. They will
force the GL X to restart and may also result in the loss of data saved in RAM.

e Pressand hold (®) for 5 seconds. The GLX will power off.
«  Pressthekey sequence G=), (@, (0. The GLX will restart.
» Useapaperclip to press the recessed Reset button on the back of the GL X

(see picture). The GLX will power off or restart depending on the state of its
battery and the presence of AC power.

Restore the GLX to Factory Configuration

These procedures are not recommended during normal GLX operation. All
data files and system settings will be deleted. The normal method for delet-
ing files stored in RAM or Flash is described on page 80.

Follow these steps to reset system settings to factory defaults and delete saved
datain RAM.

1. Turnthe GLX off then on again.

2. When the Splash Screen isvisible, press the key sequence G=)- (&.

"To avoid damage to the GLX, remove
the AC adapter before disconnecting the
battery.

To preserve data files in the GLX's RAM
folder, transfer them to the Flash folder, a
USB storage device, another GLX, or a
computer. See “Data Files Screen” on
page 78 and “Using the Xplorer GLX with
a Computer” on page 99 for instructions.
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3. Connect the GLX to a computer running DataSudio to re-install sensor data
sheets.

Follow these steps to reset system settings to factory defaults and delete saved
datain RAM and Flash.

1. Turnthe GLX off then on again.
2. When the Splash Screen isvisible, press the key sequence &)-(®).

3. Connect the GLX to a computer running DataSudio to re-install sensor data
sheets.

Operating Temperature

The GLX can be operated and stored without damage at temperatures between
-10 °C and 40 °C. Do not leave the GLX in a parked car or other environment
that may exceed this range. Protect the GL X from long-term exposure to direct
sunlight, which may heat the unit above the specified limit even if the surround-
ing air temperature is less than 40 °C. Temperatures at the extremes of this oper-
ating range may affect battery performance, measurement accuracy, and display
contrast. Whenever possible, use and store the GLX at or close to normal room
temperature.

97
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Chapter 6: Using the Xplorer GLX

with a Computer

The GLX can be connected to a computer! to transfer files, to collect data using
DataStudio software, and to install updatesto the GLX.

GLX with DataStudio

When used with acomputer, the GLX requires DataStudio version 1.9.5 or later.?
Before connecting the GLX to your computer, install the version of DataStudio
that you received on a CD-ROM with your GL X or download the most recent
version from www.pasco.com.

Connecting the GLX to a Computer

With the GL X powered on, use the USB host-connection cable (included with
the GL X) to connect the smaller USB port of the GL X to the USB port of your
computer.

Launching DataStudio

» If thereisanew file saved on the GL X3, your computer will automatically
launch DataStudio when the GL X is connected.

* |If there are sensors connected to the GL X, but no new files, the PA SPortal
window will open when the GL X is connected to the computer. In the
PA SPorta window, click Launch DataStudio.

e |If the PASPortal window or DataStudio does not automatically launch, start
DataStudio via the icon on your computer’s desktop. When you see the
“Welcome to DataStudio” window, click Create Experiment.

lSupported operating systems include
Windows 98/2000/ME/XP, Mac OS 9,
and Mac OS X.

2For file transfer and firmware updates,
the GLX Simulator can be used instead
of DataStudio. See “GLX Simulator” on
page 103.

To computer

W

¢

3A new file is one that has been saved
since the last time the GLX was con-
nected to a computer.

Datastudio
Desktop icon
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Transferring Files

GLX File Manager

If DataStudio detectsa GL X with new files saved on it, it automatically opensthe
GLX File Manager.

You can also manually open the GLX File Manager with these steps.

1. Click the Setup button (in DataStudio’s main button bar). The Experiment |EW Summary ‘ ‘m Setupt\% ‘ > Start
Setup window will open.

2. Inthe Setup window, click the Manage Filesicon. The GLX File Manager
will open.

The left side of the GLX File Manager window shows the files that are saved in
the RAM and Flash folders of the GLX. Click afile or folder to select it; the
selected file or folder is highlighted in blue.

- = Rant e
expariment
ny e ———— my fle Download To Compter
setup fs shup e

=l Flash p—— = Flash Delete
templete tempicte:
somplc data sampie s

Upload To HplorerGLIC Unload To ¥plorerGL.

GLX File Manager with a folder selected GLX File Manager with a file selected

Theright side of the window contains five buttons, described below.

Open The Open button is available when afileis selected. When you click Open

Open, the selected file will be copied from the GLX. DataStudio will trandate it
into a DataStudio file and open it. The original file will remain on the GLX.

Download Click the Download button to copy afile or filesfrom the GLX to
your compulter.

If aGLX folder is selected, the Download button is |abeled “ Download All.” Download All...

When you click the button, DataStudio will prompt you to select afolder on your
computer to copy the GLX filesinto. The files on your computer will have the
same name as the files on the GLX. The original files will remain on the GLX.

When asingle GLX fileis selected, the Download button is labeled “ Download Dovwvnioad To Compter.

to Computer.” Click the button to download the file. DataStudio will prompt you
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to select afolder on your computer and a file name for the downloaded copy of
thefile.

GLX files saved on your computer’s disk have the file extension .glx. They can
be opened with DataStudio or copied to another GL X.

Delete Click the Delete button to delete afile or files from the GLX.

When aGLX folder is selected, the Delete button is labeled “Delete All.” Click
the button to delete all of the filesin the selected folder.

When asingle GLX fileis selected, click the Delete button to delete the file.
Before deleting afile from the GLX, DataStudio will prompt you for confirma:
tion. Click “Yes’ to proceed with the deletion, or click “No” to cance the dele-
tion.

Upload To copy aGLX filefrom your computer to the GL X, first select the
GLX folder that you would like the file to be saved in, then click the Upload but-
ton. DataStudio will prompt you select afile on your computer’s disk to be

uploaded.

Thefile to be uploaded must be a GL X filewith a.glx extension. GLX filescan
be created by a GLX or by the GLX Simulator.

Done Click Doneto close the GLX File Manager.

To Transfer Files Between GLXs Through DataStudio

You can also transfer files directly from one GLX to another; see “GLX-to-
GLX File Transfer” on page 84.

1. Connect thefirst GLX to acomputer, start DataStudio, and open the GLX
File Manager.

2. Select the GLX fileto be copied and click the Download button to save the
file to your computer’s disk.

3. Disconnect the first GLX and connect the other GLX.

4. Click the Upload button and select the file that you have just saved on the
computer. The file will be copied to the connected GL X.

To Open a GLX File in DataStudio

To open afilethat has been copied from the GLX to your computer, click the File
menu in DataStudio and select Open Activity. In the File Open dialog box, select
the file to be opened. DataStudio will trandate the file into a DataStudio file and

open it.
How GLX Files Translate to DataStudio Files

The GLX and DataStudio use different file formats. DataStudio can open GL X
files, but the GL X cannot open DataStudio files. When you open aGLX filein

GLX Users’

Guide
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GLX with DataStudio

DataStudio, the fileis translated into a DataStudio file. Most components of the
GLX file, listed below, appear in the new DataStudio file.

*  Numeric data sets

« Dataproperties of data sets and measurements

e Sensor settings, such as calibrations and samplesrates
e  Timers

e Sampling mode

« Datadisplays

e Cadculations

*  Notes pages, which appear in DataStudio as a Workbook display

To comply with the DataStudio file format, certain components of the original
GLX file may be altered, including the following.

e Text data sets. DataStudio 1.9.5 does not support text data sets. They are
replaced in the DataStudio file with a numeric data set containing zeros in
place of the text.

e Toolsin the Graph and Table displays, such as linear fit and statistics.

e Graph scale settings.

e Sound Output settings.

Once afile has been opened in DataStudio (either directly from the GLX, or after

having been downloaded to the computer’s disk) it isa DataStudio file. If you
saveit, it will be saved with a.ds extension.

Collecting Data with DataStudio

When the GL X is connected to a computer running DataStudio, sensor setup and
data collection are controlled from DataStudio. The GL X operates in DataStudio
Mode, acting only as an interface routing data from the sensors to the computer.

While in DataStudio-connected mode, the GL X screen reads “ DataStudio Con-
nected.” In this mode, only two of the GLX keys are functional: ) and (®).
You can press (> on the GLX instead of clicking the Start or Stop buttonsin
DataStudio. If DataStudio isin Manua Sampling mode, () on the GLX hasthe
same function as the Keep button in DataStudio.

For complete instructions on using DataStudio, click DataStudio’s Help menu.

GLX Sound and Sound Level Sensors in DataStudio

To use the GLX’s microphone as a sound sensor or sound level sensor in
DataStudio, you must manually select it in the Experiment Setup window. Click
the Setup button in DataStudio to open the Experiment Setup window. In that
window, click the button labeled “ Add Sensor or Instrument” and select GLX
Sound Level Sensor or GLX Sound Sensor from the PASPORT sensors list.

T:28:02 A 02404705 XplorerGLY {0 (] =

ddtdstuoio
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Sile  Edit  Experiment Window | Help

Search, ., %

Change License Key...
Help Assistant »

About DataStudio. ..
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GLX Simulator

When you ingtall DataStudio version 1.9.5 (or later) on a Windows computer, a
second piece of software, the GLX Simulator, isalso installed. To start the simu-

lator, run the executable file* XplorerGL X .exe. “The GLX Simulator is usually installed
in

The GLX Simulator behaveslike areal GLX. To “press’ keys on the Simulator c:\Program Files\DataStudiol

keypad, click them with the computer’s mouse, or pressthe equivalent key on the The Simulator requires Windows 2000

computer’s keyboard. (See page 90 for keyboard equivalents.) or Windows XP

Up to four PASPORT sensors connected to your computer through any type of
PASPORT interface will be treated by the Simulator like sensors connected to a
real GLX.

The GLX Simulator
Virtual Motion Sensor

If you are using the GLX Simulator without real sensors, you can select the Vir-
tual Motion Sensor to simulate a sensor. The Simulator will behave like areal W Motion
GLX connected to a Motion Sensor measuring an object oscillating with a fre- %Sensur
guency of about 0.6 Hz and with an amplitude of 0.8 m.

Wirtuial

B1S:05 AM 02/04/05  XplorerGLY Y@ Lo
(3.8057, 1.948) Run #1

Position ()
1.01.2 14 1.6 1.8 2.0
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Time (5
AutoScale [ Scale/Mave [Toals “[Graphs -
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Simulated data from the Virtual Motion Sensor

Screen Capture

Click the Copy Screen button to copy an image of the Simulator’s screen to the
computer’s clipboard. The image can then be pasted into another application

(such as aword processor) by selecting Paste from that application’s Edit menu.

Screen Mirroring
When areal GLX is connected to the computer, the Mirror GL X Screen option
appearsin the Simulator. Select this option to make the screen of thereal GLX

appear in the Simulator. The Copy Screen button will capture an image of the
real GLX’s screen.

File Transfer between Simulator and GLX

Filesthat you have created or modified in the Simulator can be saved and trans-
ferred to areal GLX with the following procedure.

1. Inthe Simulator, open the Data Files screen (see page page 78).
2. Click to open the Files menu.

30105 PM 06/03/05  XplorerGLY 7 Ciefa

(5 Capy to Disk [Simulator]
(B} Copy from Disk [Simulatar]

[PASC(

h oo ®

3. Click Copy to Disk. The Simulator will prompt you to select afolder and
name for the file to be saved.

4. Transfer the saved file to the GL X through DataStudio (see page 100) or a
USB storage device (see page 83).

You can aso open aGLX file in the Simulator. In the Data Files screen of the
Simulator, click to open the Files menu and click Copy from Disk.

Copy
Screen

[vw Birror GLH Screen



Part 2:

Sample Activities

The following pages contain step-by-step instructions for science
activities and experiments that can be done with the GL X, its
included temperature and voltage probes, and commonly available
supplies, no PASPORT sensors are required.
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Activity 1: Calorimetry

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature 2
Probes
20 g Brass Masses 3
Styrofoam Cups 3
String im
Hot Water (50 to 70 °C) 500 ml
Room-temperature Water 500 ml
Background

In this experiment, you will add a hot piece of metal to room-temperature water
and measure the temperature change of the water. How does doubling the mass
of the added metal affect the temperature change?

Before You Begin

Start a new experiment on the GLX.

1. Press (@ to go to the Home Screen.
2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.
3. Press to open the Files menu and press G to select New File.
4. When the GLX asksif you would like to save the previous file, press (/>
to save or (2 not to save.
Procedure

Equipment Set-Up

1

2.

Fill a Styrofoam cup with hot water.

Tie astring to each mass, and lower al three masses into the hot water. L et
the masses warm up for about 10 minutes.

Label two other cups“Cup 1" and “Cup 2.” Put 250 ml of room-temperature
water into each cup.

Put one temperature probe in each cup of room-temperature water. Use a
paperclip to secure each probe to the rim of the cup so that the end of the
probe is about midway between the bottom and the surface of the water.

GLX Users’

Guide
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GLX Set-Up

1. Connect thetemperature probes.!

a) Connect the probe in Cup 1 to one of the temperature ports on the left
side of the GLX.

b) Connect the probe in Cup 2 to the other temperature port.

¢) If there are other sensors connected to the GL X, remove them.

2. Set up the Graph to display both temperatures ver sustime.
a) Press (® to return to the Home Screen; press (/) to open the Graph.

b) The Graph will automatically be set up for the first temperature probe.
Press to open the Graphs menu, press @») to select Two Measure-
ments mode. The second temperature probe will be added to the Graph.

Data Collection
1. Press (™ to start data collection.

2. Remove the masses from the hot water. Lower one massinto Cup 1; lower
two masses into Cup 2.

3. Gently stir the water in both cups.
4. Press (/D to automatically scale the Graph.

5. After both temperature measurements have stabilized, press () to stop data
collection.

Analysis

1. UsetheDelta Tool to find the temperature changein Cup 1.

a) Press (P to open the Tools menu; press =) to turn on the Delta
Tool.

b) Pressthe up arrow to move one of the cursorsto the first data point.

¢) Hold &) and press to swap control to the other cursor; press the
down arrow key to move that cursor to the last data point.

The Delta Tool should now show the changes in temperature and time
from thefirst to the last data point.

Cup 1 temperature change =

lOptional: after connecting the probes,
perform the alignment calibration
described on page 77.
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Create a new graph page showing only the temperaturein Cup 2 versus 124536 PM 01/17/05  plorerGlX 4} @0 o
time. (35,5000, 21.59) Run #1

a) Press to open the Graphs menu; press @) to select New Graph
Page.

b) Onthe new graph page, press (¥) twice to open the data source menu.

[k Temperature
[ Ternperature2
Data Properties...

c) Pressthe down arrow key to highlight Temperature2 and press (¥) . poen Hﬁ@ #o0=

AutoScale | Scale/Move |Tools '|Graphs N

Usethe Delta Tool to find the temperature changein Cup 2. 124557 EM D1A7/05 XplorerGlY 36D Cle
(35,5000, 21.94) Rug #1

a) Press (7D to open the Tools menu; press (=) to turn on the Delta
Tool.

b) Pressthe up arrow to move one of the cursorsto the first data point.

Termperature 2 (°C)
21,2 2159 21.8 22.0

¢) Hold and press to swap control to the other cursor; press the
down arrow key to move that cursor to the last data point.

o
o
o
(=)
a
w
=]
w
o

Tirme (51
Autoscale [ Scalevove 3 Tools  -[Graphs 3

The Delta Tool should now show the changes in temperature and time
from thefirst to the last data point.

Cup 2 temperature change =

How doesthetemperature changein Cup 2 compareto thetemperature
changein Cup 1?

If you repeated thisexperiment with three massesin Cup 2, what do you
think the temperature change of Cup 2 compared to Cup 1 would be?

Why did this experiment call for Styrofoam rather than glass contain-
ers?
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Activity 2: Melting Point Depression

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature 2
Probes
Test Tubes 2
Test Tube Rack 1
Deionized Water 110 mL
NaCl lg
Background

How does the addition of salt affect the melting point of a solution? In this exper-
iment, you will measure the temperature over time of frozen salt water and pure
water as they melt. From the recorded data, you will identify and compare the
melting points of both liquids.

Pre-lab: Prepare Frozen Solutions

Prepare the frozen solutions at least one day in advance.

1. Makeasolution of 1 g NaCl in 100 ml of deionized water. Add enough to a
test tube to fill it to a depth of about 1 cm.

2. Add the same amount of deionized water to a second identical test tube.

. <— Tape
3. Place afast-response temperature probe in each test tube. The ends of the

probes should be immersed. Use tape to secure the probesin place.

4. Labd both test tubes and label the connectors of both probes for easier iden-

tification. to be connected

to the GLX
—_—

5. Place both test tubes (along with the probes) in afreezer.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

N L T t
2. Usethearrow keysto highlight the Data Files icon and press M to open <+ p?{)'l,‘;era ure

the Data Files screen. \:/

3. Press to open the Files menu and press G- to select New File.

4. When the GLX asksif you would like to save the previous file, press (/>
to save or CF2) not to save.
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Procedure
1. Removethefrozen solutionsfrom the freezer.

2. Connect the temperature probes.

a) Connect the temperature probe measuring the pure water ice to Temper-
ature Port 1 on the |eft side of the GLX.

b) Connect the other probe to Temperature Port 2.
3. Press ) to start data collection.

4. Set up the Graph to display both temperature measurements.

a) Press (® to return to the Home Screen; press (/) to open the Graph.

229037 A 01/01/00 ¥plorerGLX {0 e

Run #1 (2381.5000, 5.4) Run #1
b) Press to open the Graphs menu; press () to select Two Measure- oo -
ments mode. o 5
¢) Press (7D to automatically scale the Graph. : . g
(e =
5. Continuedata collection until both solutions havereached 5 °C. Press 0 =00 o0 1s00 2000 00
(» to stop data collection. Time &)
Auto Scale | Scale/Move |TUULS '|\£| Graphs =
. Graph in Two Measurements mode
AnaIyS|s displaying both temperatures

Describe the temperature versus time plots of both solutions. How are they simi-
lar? How do they differ? Which solution melts at a lower temperature?
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Activity 3: Heat Transfer by Radiation

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature 2
Probes
Aluminum Can, Painted Black 1
Aluminum Can, Unpainted? 1 lUse empty beverage containers or
PASCO part TD-8570A, which includes
Hot Water (50 to 70 °C) 500 mL one black can and one unpainted can.
Tongs or Mitt (for handling hot 1
cans)
Background

You may have observed that dark objects heat up faster than light-colored objects
when exposed to sunlight, but how does the color of an object affect its rate of
cooling? In this experiment you, will record the temperature of two water-filled
cans asthey cool. One canis painted black, the other can is unpainted. Which can
do you think will cool faster?

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press (=) to select New File.

4. When the GLX asksif you would like to save the previous file, press (/>
to save or (2 not to save.

Procedure
Equipment Set-Up

1. Place afast-response temperature sensor in each can. Secure the probes with
tape.

2. Prepare hot water (50 to 70 °C), but don't fill the cans yet.
GLX Set-Up

1. Connect thetemperature probes.

a) Connect the probe measuring the black can to Temperature Port 1 on the
left side of the GLX.

b) Connect the probe measuring the unpainted can to Temperature Port 2.
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2. Set the sampling periods of both probesto 10 seconds.

a)

b)

d)

f)

Press to return to the Home Screen; press to open the Sensors
screen.

Observe the top part of the screen and note which sensor (“ Temperature
Sensor” or “Temperature Sensor 2") is selected.

With Sample Rate Unit highlighted, press (¥) to open the menu; press
(=) to select seconds.

6:35:03 Ah 01/01/00

i i

Ternperature Sensor?

KplorerGLY {33 e

Sample Rate

Reduce/Smooth Averaging

Temperature2

© Mode '| Froperties |Microphone '|Sensors N

Select seconds from the Sample Rate Unit menu

Press the down arrow to highlight Sample Rate; press (+) until the
valueis set to 10 seconds.

Press the left or right arrow to select the other sensor.

Repeat steps ¢ and d to set the sampling rate for the newly selected sen-
sor to 10 seconds.

3.  Set up the Graph to display both temperatures.

a)

b)

Press (&) to return to the Home Screen; press CF to open the Graph.
The Graph is automatically set up to display data from the first tempera-
ture probe.

Press to open the Graphs menu; press () to select Two Measure-
ments mode. The second temperature measurement will be added to the
Graph.

Data Collection

1. Fill both cans with equal amounts of hot water.

2. Press ) to start data collection.

3. Press (/D to automatically scale the Graph.

4. Gently swirl the cans as data will be collected for about 15 minutes.

o

Analysis

Press () to stop data collection.

Which can cooled faster? Why?

Observe which sensor is selected

6:34:51 A /00 XplorerGLx L r® B e

g

Temperature Sensor2

Sample Rate Unit

Sample Rate 27
Reduce/Smooth Averaging  |Off T
Temperatura2 isible M
© Mode '| Properties |M|crophone '|Sensors i

64026 Ahd 01407700 ¥plorerGLX {50 ] mm
Temperature Sensor2
3ample Rate Unit seconds T

Sample Rate -:

Reduce/Srnooth Averaging | Off |
Temperature2 isible |
L Mode '\ Froperties |Microph0ne '|Sensors N

Set the Sample Rate to 10 seconds

Press@ or@ to select the other sensor

6:36L7 Ak 01/071400 XplorerGLX (e ) em

fig

Temperature Sensor

Sample Rate Unit

Sample Rate 27

Reducessmooth Averaging |off T
YWisible T

Temperature

0 Mode '| Froperties |Microphone '|Sensurs -

0:24:13 AM 01702700 XplorerGLx ﬁ}@ﬁ#ﬁ
Mo Data (0.0000, 0,07 Mo Data
{==] {==]
5 5
~ m @
2 g
B w 3
= B
g~ -
= T
o4 o =
{==] {==]

1] 1 2 3 4 5
Time (51

AutoScale |Scale:‘Mo\re |Tools '||£| Graphs =

Graph prepared to display both tem-
perature measurements
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Activity 4: Newton’s Law of Cooling

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature 2
Probes
Styrofoam Cups 2
Test Tube 1
Tape 10 cm
Sand 100 g
Hot Water (50 to 70 °C) 500 mL
Background

Newton’s Law of Cooling states that the rate of temperature change of abody is
proportional to its relative temperature, r, or the body’s temperature minus the
temperature of the surroundings. Mathematically, Newton's Law of Cooling can
be written:

dt
1 = =k
(ea. 1) pre r

where dT/dt isthe rate of temperature change and k is a constant greater than O.

Another way to write Newton's Law of Coolingis

kt
"o

(eg. 2) r=rge

wherer isthe relative temperature at timet, and r, is the relative temperature at
t = 0. A graph of Equation 2 is shown to the right.

relative temperature

In this experiment, you will record and graph the temperature of a hot object (a
test tube full of sand) asit cools. You will then compare the experimental data
with the theoretical graph. time

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press (=) to select New File.

4. When the GLX asksif you would like to save the previous file, press (/>
to save or C£2) not to save.
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Procedure

Equipment Set-Up

1

Place the end of a fast-response temperature probe in the test tube, then fill
the test tube about one-third full of sand, as pictured to the right. The probe
should be embedded in the sand. Use tape to secure the probe.

Partially fill a cup with hot water (50 to 70 °C) and immerse the sand-filled
portion of the test tube. Let the sand warm up for a few minutes while you
set up the GLX.

Tape a second temperature probe to the inside wall of an empty cup. (This
probe will be used to measure the temperature of the surrounding air.)

GLX Set-Up

Connect thefirst temperature probetothe GL X.

a) Connect the temperature probe that isin the test tube to Temperature
Port 1 on the |eft side of the GLX.

b) If there are other sensors connected to the GL X, remove them.

Set the sampling rate to 30 seconds between samples.
a) Press (& to go to the Home Screen.
b) Press to open the Sensors screen.

¢) Usethe up and down arrow keys to highlight Sample Rate Unit. Press
(¥, then press @) to select “seconds.”

d) Pressthedown arrow key to highlight Sample Rate. Press (+) or (=) to
set the time between samples to 30 seconds.
Rename the measurement.

a) Inthe Sensors screen, use the arrow keys to highlight the measurement
named “ Temperature”

10:37:55 AM 01/414/05  XplorerGly g B

i

Temperature Sensar

Sample Rate Unit seconds
Sample Rate a0 7
Reduce/Srmooth Averaging  |Off

Ternperature

& Mode '| Properties \Micmphune'bensurs -

2>

b) Press CF2) to open the Data Properties box.

¢) Usetheup and down arrow keys to highlight Measurement Name and
press () to makeit editable.

d) Type“object temp” and press (V) .2

<+— to the GLX
tap

temperature
probe

<«—Wwater

sand

Immerse the sand-filled portion of
the test tube in hot water

10:35:51 AM 01/14/05  Xplorercly ¢} @ Do

Termnperature Sensor

beconds ]
Reducesimooth Averaging ﬁ
isiole M

Sample Rate Unit

Sample Rate

Temperature

L Mode '\ Froperties \Microphone '|Sensors -

Set the sampling rate to 30 s
between samples

1To enter text, use multipress text entry
(see page 90) or an attached USB key-
board (see page 90).
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e) Press (/D to accept the changes and return to the Sensors screen.

hdeasurement Mame objecttemp

4. Connect the second sensor to the GL X. easurement Unf _ _ ]
Murneric Style W‘

Mumber Of Digit:
Connect the temperature probe that will measure the air temperature to EE“{; :mnei‘ ;

[
I
Temperature Port 2 of the GLX. You will see the new icon appear in the EE for Exponent »= +6
L sy
|

upper part of the Sensors screen with a box around it. zero [Valee] < S0E2

Icon for second @
temperature probe @

10:39:41/41 01/14/05  ¥plorerGlx (M@0

1 [l

Temperature Sensor2

Sample Rate Unit

Sample Rate

Reduce/Srnooth Averaging  [Off Tl

Termperatura2 Wisible T

& Mode '| Properties |Microph0ne'|Sensors N

5. Set the samplerate of the second sensor and rename the measur ement.

a) Repeat step 2 to set the sampling rate of the second sensor to 30 seconds
between samples.

b) Repeat step 3 to set the Measurement Name to “air temp.”

10:39:41 AM 01414405 XplorerGlX @B
6. Set up the Graph display to plot Object Temperature and Air Tempera- o[obaw  CONKGOON - NoData

tureversus Time.

10

3
8

a) Press (® to return to the Home Screen.

object ternp (°C)
4 &
4 6
air temp (°C)

2
2

b) Press (/) to open the Graph display. The display will be automatically

set up to graph object temp versus Time. b 1 2 3 4 5
Time (51
_ autoScale [ ScaledMove [Tools <l Graphs -
c) Press to open.the Graphs menu, and press (=) to select Two Mea Graoh prepared to display objact
surements mode. Air temp will be added to the Graph. temp and air temp vs. Time

Data Collection

1. Removethe test tube from the hot water and dry it thoroughly with a paper

towel.
. . . to the
2. Placethetest tube in the empty cup so that the sand is severa centimeters GLX

away from the air temperature probe.

3. Press ) to start data collection. /4

temperature

4. Press (/D) to automatically scale the Graph. probe 2

5. After the sand has cooled to about 30 °C, press (> to stop data collection.

Place the test tube in the empty
cup so that the sand is several
centimeters away from the air tem-
perature probe
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Analysis

Observe the graph of Object Temperature versus time and Air Temperature ver-
sus Time. If the experiment were allowed to run indefinitely, what would the
relationship between object and air temperature eventually be?

1. Createacalculation for relative temperature.

a) Press (& to return to the Home Screen; press CF3) to open the Calcu-
lator.

b) If you seethe Num Lock symbol & in the lower right corner of the
screen, press to open the Edit menu, then press to turn Num
Lock off.

c) Enter:

r = [object temp (°C)] - [air temp (°C)] (D

Use multipress text entry to type “r”.

To insert [object temp (°C)] and [air temp (°C)] press (F2) to open the
[Data] menu, select the desired data from the menu, and select units of
°C.

d) Remember to press (D to complete the calculation.

2. Makeanew graph of r versust.
a) Press (® to return to the Home Screen; press (£ to open the Graph.

b) Press to open the Graphs menu; press @») to select New Graph
Page.

c) Press & twiceto open the data source menu. Select r from the menu.

3. Doesthegraph of Relative Temperature versus Time appear to agree
with Equation 2?

4. What istheinitial relative temperature at Time = 0?

To find theinitial relative temperature, press the up arrow key to move
the Data Cursor to the first data point.

Initial temperature, rg =

In order to find the value of the constant k for this cooling curve, you can use
another expression of Newton's Law of Cooling, derived from Equation 2:

(e9. 3) In- = —kt
o

On agraph of In(r/rg) versust, the slope will equal —k.

17:18:04 AM 01714405 XplorerGLY (D[ o
r = [ohject temp (*C)]-[air temp (°C)]

D | abjectternp

@ [k airtemp
EEnter|@ ® Time RAD

Functions [Drata] Graph Edit

Open the [Data] menu and select
the desired data to insert into the
calculation

111220 AM 01/14/05 XplorerGLX s B o
=

- (0.00, 36,0 Run #1

@ | object temp

@ [ airtemp

4 DataProperties...
0 200 400 600 800 1000 1200 14000600
Time]ts)]

Auto Scale | Scale/Move |Tools '|Graphs N
Press the up arrow to
move the Data Cursor to
the first data point.
11:20:2] AM 01414405 plorerGld  gé ok
2y (0.00, 36.00 Run #1
[=} .
o Coordinates of
o Data Cursor

o
3]

=

o

0 200 400 600 800 1000 1200 1400
Tirmne (51

AutoScale | Scale/mMowe (Tools '|Graphs -
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5. Createacalculation for In(r/rg)

a) Press (® to return to the Home Screen; press CF3) to open the Calcu-

11:27:27 Al 01714405 xploreriGLX B

|ator. r = [ohject temp (*C)]-[air termp (°C)]
In(r/r)) «— Enter this calculation
; . o= <——Calculator will prompt
b) Onablank line, enter: e T v
In(r/r0) D
¢) Toinsert theln() function, press (£ to open the Functions menu, use — Calculation [s OK (as a modeD i RAD
the arrow keysto highlight In(), and press (). Functions [ [oata] | Grapn _[eat |
sing cos0 tanQ »
arcsing arccosi arctani) ™

SRS - [
sqri e [ en )

Functions [Datz] | Graph  [Edit h

D

d) The Calculator will prompt you on the next line to enter the value of r,
Typetheiinitial relative temperature and press (v .

6. Makeagraph of In(r/rg) versust. 11:22:39 AM D1/14/05_ XplorerGly )@ b
B (0.0000, 61.37) Run#1

a) Press (® to return to the Home Screen; press (/) to open the Graph
dqul ay. : [k abject temp

[ airtemp

b) Press to open the Graphs menu; press @») to select New Graph

(rAr0)

Page.
. . . 0 S00 1000 1500
c) Press (V) twiceto highlight the data source menu. From the menu Time|t5]
Select |n(r/r0) AutoScale | Scalefbdove |Tools '|Graphs N

7. Apply alinear fit and find the value of k. Press &  to make the dashed

box surround the entire data set

a) Press (F) to open the Tools menu; press () to select Linear Fit. < >
11:23:56 AM 01414705 xplorerGly 4@ B
b) Pressthe down arrow key to make the dashed box surround the entire B (1470, -2.84) Run 1
data set. ’

=1l

IngrArd §

-2

¢) Thedope of the best-fit line equals k.

3

_ H H 0 200 400 600 @800 1000 1200 1400
k= (include units) Tme 6
Slope=-190E-3£0.00 /5 % Int,=-0.0837+0,00
Now that you have experimental values for the constants rgy and k, you can substi- r=1.00_MSE=0.00 ./ MSE=0.00

Auto Scale |Scale£M0\te [ Tools '\Graphs N

tute them into Equation 2 and compare that model to the collected data.

8. Enter Equation 2 into the Calculator using your experimental values of

roand k.
11:24:54 AW 01714705 XplorerGly (4@ B
a) Press (® to return to the Home Screen; press CrD to open the Calcu- r = [ohject temp (*C)]-[air temp (C)]
kD)
lator. 0 = 35
r model = ri*e*(-k*t)<e-Enter this calculation
b) Onablank line, enter: k = «— Enter experimental value for k

t= <— Do not enter a value for t

r model = r0 * eA(-k*t) (O

~ Calculation is Ok (as a model) @ raDn
Functions | [Data] | Graph |Edit =
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©)

d)

e

f)

Law of Cooling

To insert the function ", press (£ to open the Functions menu, use
the arrow keys to highlight *, and press ().

oh parentheses
sing) cos() tap0
arcsini arccosi arctpn

~32 log0 [ 0
m [Data] Graph [Edit -

Also open the Functions menu to select and insert the pair of parenthe-
SEs.

The Calculator will prompt you to enter the values of kand t. (It does
not prompt you for ry because you entered that constant in step 5.)

Enter the value of k that you found in step 7 and press () .

Timeisthe variable that will be plotted on the horizontal axis, so do not
enter avaluefor t.

9. Compare collected relative temperature data with the modeled data.

a)

b)

0)

d)

e

f)

Press (& to return to the Home Screen; press (/) to open the Graph
display.

Press to open the Graphs menu; press @) to select New Graph
Page.

Press (¥) twice to highlight the data source menu. From the menu,
select r (the collected data).

Press to open the Graphs menu; press (») to select Two Measure-
ments mode.

Press (¥) to turn on the highlight, then press the | eft arrow key repeat-
edly until the second data source (on the right side of the Graph) is high-
lighted.

Press (¥) to open the data source menu and select r model.

11:27:54 &M 01/14/05
= [Run#1

MplorerGly @B
(0,00, 26,00 Run #1
=]

30

ol
20

10

0 500
Timem

AutoScale | Scale/Move [Tools

[l Graphs -

10. Doesthe modeled equation agree with the collected data? If it deviates,
can you explain why?

T1ZRNSAM 01,1405 xplarerGly (LIS
(0.0000, 61.37) Run #1
=
o
=0
£
0 In(rr)
5[ r model o
(5] Data Properties... I S I
4 B BU0 1000 1200 14001600
Timem
AutoScale |3EalE/MU\I'E \Tuuls '|Gra|3hs N
11:27:32 AM 01414/05  ¥plorerGly 3@ 0O
=
Run #1 (0.00, 36.00 Run #1
= |Run un #1
=
&=
=
=
=
] 500 1000 1500
Timem

Auto Scale

Sraletdove \Tools '||£| Graphs =
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Activity 5: Microclimate Temperature
Variation

Equipment Quantity
Xplorer GLX 1
Fast-response Temperature 1
Probe

Background

In this activity, you will measure and record the air temperature at different out-
door locations within a small areato investigate how ground cover and nearby
objects affect air temperature.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press G- to select New File.

4. When the GLX asksif you would like to save the previous file, press (/D
to save or (2> not to save.

Procedure

Preparation

Sketch amap of the area you will be investigating. Mark several locations on the
map and assign each a different short name. For each location, note the type of
ground cover (concrete, grass, bare earth, etc.) and nearby objects, such as build-
ings or trees.

GLX Set-Up

1. Connect atemperature probe.

a) Connect afast-response temperature probe to one of the temperature
ports on the left side of the GLX.

b) If there are other sensors connected to the GL X, remove them.

2. Put the GLX into Manual Sampling mode.

a) Press to return to the Home Screen; press to open the Sensors
screen.

Sensaors N

b) Press (&7 to open the Mode menu.
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c) Pressthe down arrow key to highlight Manual and press (V).

heasurement Mame Keyboard Data

d) The Data Properties window will open with the Measurement Name set Measuramant Unit C ]

to “Keyboard Data.” Press (/) to accept this setting. Nurneric Style FxedDecimals |

Murnber Of Digits a

EE for Exponent <= _3

3. Press (@ toreturn tothe Home Screen; press Cr2) to open the Table. EE for Exponent == [ +6

The Table will be automatically set up to display Temperature and K ey- Zero |Value| < 9
board Data. ok | cancel | |

D

20321 Phd 01/02/00 XplorerGLx @ b=
1. Press (). The GLX is now measuring temperature, but not recording it. No Data 7

Temperature (°C) Keyhoard Data

Data Collection

2. Takethe GLX to one of the locations marked on your map.

3. Hold the probe about 1 meter above the ground, but do not touch the end of
the probe. Shield the probe from direct sunlight. Wait about 15 seconds to
allow the probe to equilibrate.

~ @ o B W k=

8
Statistics | EditCell [Edit ~[Tables =

4. Press (® to record asingle temperature measurement.

Table prepared to display Tempera-
ture and Keyboard Data

5. The GLX will prompt you for Keyboard Data. Press (2D to turn off Num
Lock. Type the location name (press each key repeatedly to cycle through
different letters).

Press (£ . When the GLX asks if you would like to treat the data as text,
press (e for OK.

6. Moveto another location. Hold the probe 1 meter above the ground and out
of direct sunlight. Wait 15 seconds. Press (F) to record a measurement.
When the GLX prompts you, type the location name and press (0.

7. Repeat step 6 for al of the other |ocations marked on your map.

8. After you have recorded the temperature at every location, press ) to
complete data collection.

Analysis
1. Copy the recorded temperatures from the GL X to your map.

2. Based on your data, describe how different types of ground cover and nearby
objects appear to affect the air temperature.



Xplorer

GLX Users’ Guide

Activity 6: Voltage versus Resistance

Equipment Quantity
Xplorer GLX 1
Voltage Probe 1
Resistors, 1000 Q 5
Battery and Battery Holder 1
(“AA,” “C,” “D,” or similar)

Short Alligator Clip Leads 6

Background

Inthis experiment, you will construct the circuit pictured to the right and measure
the voltage (relative to the negative terminal of the battery) at points A through F.
For each point in the circuit, the GLX will record the measured voltage (V) and
the total resistance across which the voltage was measured (r).

Sketch a prediction of the graph of V versusr. Explain your prediction in terms of
what you know about

*  how current flows through the circuit;
« therelationship between voltage, current, and resistance; and

* thetotal resistance of two or more resistorsin series.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press G to select New File.

4. When the GLX asksif you would like to save the previous file, press (/>
to save or CF2) not to save.

Procedure
Equipment Set-Up

1. Using the battery, battery holder, resistors, and alligator clip leads, construct
the circuit pictured on the previous page.

123

1000 Q

1000 Q

1000 Q

1000 Q

1000 Q

A
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Voltage versus Resistance

Lay out the circuit on a piece of paper so you can label the parts of the cir-
cuit. Label points A through F and the positive and negative terminals of the
battery.

GLX Set-Up

Connect the voltage probe to the GL X.

a) Connect the voltage probe to the voltage port on the left side of the
GLX.

b) If there are other sensors connected to the GL X, remove them.

Configurethe GL X for manual sampling.

a) Press to return to the Home Screen; press to open the Sensors
screen.

b) Press (7 to open the Mode menu; press @) to select Manual.

The Data Properties dialog box for the manually entered resistance data
will open.

¢) With Measurement Name highlighted, press () ; type “r” and press
©.

d) Pressthe down arrow key to highlight Measurement Unit. Press (),
type “ohm”, and press ().

Measurement Name
heasurement Unit ohm

Wewuementtame  [r | } Enter the

and Unit.
MNurneric Style Fixed Decimals
MNurnber Of Digits 0
EE for Exponent <= -3
EE for Exponent == +6
Zero | Value| < 0
ok [ cancel |

Cr2D

e) Press (/D to approve these data properties and close the Data Proper-
ties window.

Preparethe Graph to plot voltage ver susresistance.

a) Press (® to return to the Home Screen; press (/) to open the Graph.

The Graph will be automatically set up for voltage versus time. In the
next step, you will select resistance (instead of time) for the horizontal
axis.

b) Press (¥) to turn on the highlight; press the down arrow key to high-
light “Time.”

¢) Press (¥) to open the data source menu.

d) Inthe data source menu, use the arrow keysto highlight “r” and press

©.

D@ Continuous

ual v

yl Froperties \Microphune'Sensors N

11:09:06 Ph4 07/01/00 XplorerGLx O m] =]

o (0.0000, 0,000 Mo Data

Auto Scale | Scale/Move |Tools '|Graphs -
Select resistance for the
horizontal axis
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AutoScale |Scale/M0\re |Tuols '|Graphs N

Graph prepared to plot Vvs. r

Data Collection

Press ). The GLX is now measuring voltage, but it is not recording data.

Connect the black lead of the voltage probe to the negative termina of the
battery.

Place the red lead of the probe in contact with the circuit at point A.
Press (P) to record a single voltage measurement.

The GLX will prompt you to enter r, the total resistance across which the
voltage is measured. (For point A, r = 0.) Type the value of r and press

Repeat steps 3, 4, and 5 for points A through F.

When you are finished recording data, press ().

Analysis

Press (/D) to automatically scale the Graph.

Doesyour data appear to agree with your prediction?

Apply alinear fit to the graph and find the slope.
a) Press (F) to open the Tools menu; press G+) to select Linear Fit.
b) What isthe slope (including units) of the best-fit line?

slope =

¢) What physical quantity does the slope represent?

GLX Users’

Guide

125

0K | Cancel

LFD R



126 Voltage versus Resistance



Xplorer GLX Users’ Guide 127

Activity 7: Induced Electromotive Force

Equipment Quantity
Xplorer GLX 1
Voltage Probe 1
Coil? 1 1use a coil with a few hundred turns,
such as the one included with PASCO
Bar Magnet 1 part CI-6512.
Background

When a permanent magnet passes through a coil, the changing magnetic flux
induces and el ectromotive force (EMF) or voltage in the coil. According to Fara-
day’s Law of Induction:

- _nde
€ = th

where g is the induced EMF, N is the number of turnsin the coil, and d¢/dt is
the rate of change of magnetic flux through the coil.

In this activity, you will drop amagnet through a coil while the GL X records and

graphsthe induced EMF versus Time. The area under the under the curve repre-
sentsthe total change in flux.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press (= to select New File.

4. When the GLX asksif you would like to save the previous file, press (/D
to save or (2> not to save.

Procedure
Equipment Set-Up
1. Clamp or mount the coil so that the magnet can be dropped through it.
2. Place something soft under the coil to prevent the magnet from breaking.

3. Connect the voltage probe to the coil so that it will measure the voltage
across the coil.
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GLX Set-Up

1. Connect the voltage probeto the GL X.

a)

b)

Connect the voltage probe to the voltage port on the left side of the
GLX.

If there are other sensors connected to the GL X, remove them.

2. Set thesamplingrateto 200 Hz.

a
b)
c)
d)

Press (@) to return to the Home Screen.
Press to open the Sensors screen.
Press the down arrow key to highlight Sample Rate.

Press (+) repeatedly to set the Sample Rate to 200 Hz.

3. Open the Graph display.

a)

b)

Press (@) to return to the Home Screen.

Press (£ to open the Graph display. The display will be automatically
set up to graph Voltage versus Time.

1:32:39 PM 01414705 AplorerGly b0 B E
(0.0000, 0.00) No Data
™
=
L1
oo —
il
=
=
=
0 2 4 & e
Time (s)
AutoScale | ScalefMove |TO0Ls '|Graphs -

Data Collection

1. Hold the magnet about 2 cm above the coil.

2. Press () ; drop the magnet through the coil; press (> again.

Analysis

1. Scalethe Graph.

a)

b)

Press (/) to automatically scale the Graph.

Press (F2) to enter Scale mode, press CF2) again to enter Move mode.
Use the left and right arrow keys in both modes to zoom in on the posi-
tive and negative peaks.

See page 16 for detailed instructions on using Move and Scale modes.

2. Find thearea under thefirst peak.

a)

Press (73D to open the Tools menu; press to select the Area Tool.

1:31:16 PM 01414405 KplorerGly {1 B
GLX Woltage Sensar
Sample Rate Unit samplesss M
Reduce/Smooth Averaging  |Off M
Woltage Wisiole T
O pMode '| Froperties \Microphone'|Sensors -
1:34:31 P 01714405 ¥plorerGLY B
(0.5900, -0.02) Run #1

R
o
[=1}
2 -
[= I
=

=

0.65 0.70 0.75 0.0 0.85
Time (s)

AutoScale | Scale/tove |TUUls '|Gra|3hs N

Place the dashed box
around the first peak

1:35:28 Ph 01514705 | ¥plorerGLX A =]-2]

1

(¥YSan, 0.04) Run #1

Woltage (v)
1}

=1

-2

0.65 0.70 0.75 0.80 0.85
Time (s

Area = 0.0548% 5

AutoScale | Scaleddove [4-Tools  -Graphs
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b) Usetheleft and right arrow keys to move the right side of the dashed
box to the right side of the first peak.

¢) Hold &) and press to swap the cursor to the other side of the
dashed box.

d) Usetheleft and right arrow keysto move the left side of the dashed box
to the left side of the first peak.

See page 20 for detailed instructions on using the Area Tool.

Areaunder the first peak = (include sign and
units)

Find the area under the second peak. Place the dashed box

around the second peak

Repeat step 2 to position the dashed box around the second peak.

1:35:56 P 01/14/05 wplorerGLy | {3 B

Area under the second peak = _ e 05
g =
Comparetheincoming flux (area under thefirst peak) to the outgoing £

=
flux (area under the second peak). o
0,63 0.70 0.73 0.80 0,83
Time (s
Area=-0.0553Y s
AutoScale | Scale/Move |-&- Tools '|Graphs N

Why isthe outgoing peak higher than theincoming peak?

Why are the peaks opposite in direction?
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Activity 8. Capacitor Discharge

Equipment? Quantity luse separate electronic components or
the PASCO EM-8678 Charge/Discharge

Xplorer GLX 1 board, which includes a capacitor, resis-
tors, and battery holder.

Voltage Probe 1

Capacitor (between 0.015 1

and 1 F)

Resistor (between 100 and 1

1000 Q)

Battery and battery holder 1

(“AA,” “C,” “D,” or similar)

Alligator Clip Leads 4

Background
C v R

In the circuit pictured above, the rate at which the voltage, V, decreasesisdirectly
proportional to the voltage. Mathematically, this can be written:

dv _

(eq 1) a = =V

where dV/dt is the rate of voltage change, and T isa constant greater than O
known as the Capacitive Time Constant. The negative sign indicates that the
voltage decreases over time.

Equation 1 can be rewritten:

V = =
(eg. 2) InVO = —t

where V is the voltage at any given time, t; and V is the voltage at t = 0.
In this experiment, you will create acircuit like the one in the diagram. The GLX

will measure and graph voltage over time as the capacitor discharges. From the
collected data, you will determine the capacitive time constant, t, of your circuit.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press G to select New File.
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4. When the GLX asksif you would like to save the previous file, press (/D
to save or (2 not to save.

Procedure

Equipment Set-Up

+ + +

c R v ) voltage
battery — C) probe

capacitor resistor

1. Createthe circuit pictured above. Note that the negative terminal of the bat-
tery is connected, but the positive terminal is not. The voltage probe is con-
nected so that it will measure the voltage across the capacitor.

2. Record your values of capacitance and resistance. (Measure them directly if
you have capacitance and resistance meters, or record their nominal values.)

C=

R=

GLX Set-Up

1. Connect the voltage probeto the GL X.

a) Connect the voltage probe to the voltage port on the left side of the
GLX.

b) If there are other sensors connected, remove them.

2. Set up the Graph to plot Voltage versus Time.

Press (&) to return to the Home Screen; press (/9 to open the Graph. ..,
The display will be automatically set up to graph Voltage versus Time. (0.0000, 0.00) Mo Data

]

Data Collection

Woltage )
1

1. Charge the capacitor by temporarily connecting the positive terminal of the
battery to the positive terminal of the capacitor. Keep the connection for
about 5 seconds before proceeding to the next step. (Do not leave this con- v 2 4 8 8

i X X X ) Time (5]
nection in place for too long, asit will drain the battery.) Auto Scale | Scale/Move [Tools loraphs -

Graph prepared to plot Vvs. t

1]

2. Disconnect the positive terminal of the battery and immediately press > to
start data collection.

3. Press (&7 to automatically scale the Graph.

4. After the voltage has dropped below 0.1V, press () to stop data collection.
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Analysis

From Equation 2, it is apparent that, on a graph of In(\V/V) versust, the slope
would equal —t. Inthis analysis, you will find the value of the constant Vg, cal cu-
late In(WVg) for every recorded value of V, create a graph of In(\WV) versus
Time, and find its dope.

1. What wasthe voltage recorded at t = 0? Data E”S"r Coordinates
Press the up arrow key to move the Data Cursor to the first recorded point. ”:”:51 R T\ ﬁ}@ii;
The coordinates of the point are displayed at the top of the Graph. -
S
VO = EO 2
°0
2. Createacalculation for In(V/\V). o
@ Press (& to return to the Home Screen; press CF2) to open the Calcu- Y e O ®
|ator. AutoScale \Scale/r\do\re \Tuols '\Graphs N
b) Onablank line, enter? 2For more information on multipress text

entry, see page 90.

In([Voltage (V)In0) (D

To insert the In() function, press C/ to open the Functions menu, used
the arrow keysto highlight In(), and press () .

sing cos tanQ ~
arcsing arccaosn arctan( ™
~2 FEO w0 (IS
sqrto e [ e )

Functions [Dat]] | Graph  [edit h

To insert [Voltage (V)], press CF2) to open the [Data] menu and select
Voltage.

Functions Jata Graph  [Edit b

To type the letter v on the GLX keypad using multipress text input, turn

off Num Lock? and press &= several times until the letter v appears. 31f Num Lock is on (as indicated by the
icon @ in the lower right corner of the
¢) TheCalculator will prompt you on the next line to enter the value of v0. screen), press then press G» to
e he Edit menu and turn off Num
Type theinitial voltage and press (V). opent
yp age and press (VD o
120656 PM 0141805 XplorerGlY Gy D= For more information on multipress text
In{[¥oltage (¥)}A0)<— Enter this calculation entry, see page 90.

y0 = <— Calculator will prompt
you for value

M This calculation has no expressian, RAD
Functions | [Data] [ Graph  [Edit -
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Capacitor Discharge

3. Makeagraph of In(V/Vq) versust.

a) Press (® to return to the Home Screen; press (/) to open the Graph

display.

b) Press to open the Graphs menu; press @) to select New Graph
Page.

¢) Press () twiceto highlight the data source menu. Select In(v/v0) from
the menu

12:07:32 Phd 01/18/05 XplorerGLX (e B e

- 0.1000,1.79) Run #1
=]
=
[
@
o~
o \\\
=
0 50 100 150 200 250
Timem
AutoScale |ScalefMo\re |TO0Ls '|Graphs N

4. Apply alinear fit and find the value of 1.

a) Press (7 to open the Tools menu; press () to select Linear Fit.

b) Pressthe down arrow key to make the dashed box surround the entire
data set.

¢) Theslope of the best-fit line equals t.

T= (include units)

5. (Optional) Repeat the experiment with different resistors. Makea graph

of R versust. What isthereationship between time constant and resis-
tance?

6. (Optional) Repeat the experiment with different capacitors. Make a

graph of C versust. What istherelationship between time constant and
capacitance?

Press <& to make the dashed
box surround the entire data set

<@ »
<

[

1 =
:08:26 PR 01/18/05 ¥plorerGLx {0 pi O =

(206.,-2.55) Ruh #1
:

o

In([waltage (A0 O

1] 50 100 150 200
Time (s)

Slope=-0.0122+4.85E-14 /5 ¥ Int,=-0.0627+5.78E-12
r=1.00 hSE=1.72E-20 4 MSE=1.31E-10

AutoScale | Scale/Move [ Tools  [Graphs -
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Activity 9: Constructive and Destructive
Interference

Background
When two sound waves with identical frequencies and amplitudes combine, they
may interfere constructively or destructively. When constructive interference
occurs, the resulting tone is louder than either of the individual tones. When
interference is destructive, the combined tone is less loud than the individual
tones. For two waves of equal frequency, the type of interference depends on the
phase relationship between the waves.

Inthis activity, you will usethe GLX to generate two tones at 440 Hz while vary-
ing the phase of one.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press G to select New File.

4. When the GLX asksif you would like to save the previous file, press (/1
to save or (2 not to save.

Procedure

1. Press (&) to return to the Home Screen.

2. Usethe arrow keys to highlight the Output icon and press (). [qr\J
3. If the Speaker Configuration is not already set to Mono, use the arrow keys (Output

to highlight Speaker Configuration and press () to set it to Mono.

4. Usethe arrow keys to highlight the Phase of the Right Output Channel (as
pictured to the right).

33203FM 01/14/05  XplorerGlX 10 Eea

5. Press (/) to turn on the Right Output Channel. Output Settings
Wolume 5410 7

Qutput Device Internal Speaker

6. Press (®) and (=) to vary the phase of the Right Output wave. Asyou vary
the phase of the wave between -360° and +360°, how does the sound
change?

speaker Configuration Kaann ~l

Left Qutput Channel Right Qutput Channel
Wavefarm  [Sine (| aveform  |Sine
Freq. (Hz) 440.0/| Freq, (Hz) 440.0

Phase (Deg) |[Phase Deg) (@@ 0

on_ [step1 | on stept 5

7. Set the phase of the Right Output wave back to 0°.
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10.

11.

12.

13.

Constructive and Destructive Interference

Press (£ to turn on the Left Output Channel. How does the addition of the
Left Output wave affect the sound that you hear?

Press (+) and (= to vary the phase of the Right Output wave again. Asyou
vary the phase of the Right Output wave between -360° and +360°, how
does the sound of the combined waves change?

Listen to the sound. At what values of phase does maximum destructive
interference occur?

Press the left arrow key to highlight the Phase of the Left Output Channel.
Press (+) to set the phase to 30°.

Presstheright arrow key to highlight the Phase of the Right Output Channel
again. While listening to the combined tone, vary the phase of the Right Out-
put wave between -360° and +360°.

With the Left Channel phase set at 30°, at what values of phase (for the
Right Channel) does maximum destructive interference occur?

2:34:45 Ph 01714705

¥plorerGLY

@3 Do

Qutput Settings

Walume
Qutput Device

Speaker Configuration

5410 7

Internal Speaker

fiono

Left Qutput Channel

Right Output Channel

Wavefarm  |Sine

440.0

Waveform
Freq. (Hz)

T B2 Fhase (Deg)

Sine

440.0

an

[step 1
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Activity 10:Beat Freguency

Background
When two sound waves with slightly different frequencies combine, the pattern
of interference produced is known as beats. The rate at which the beats occur is
the beat freguency.
In this activity, the GL X will generate two tones whose frequencies differ by A f,

and you will hear the resulting beats. By varying the frequency of one of the
tones, you will discover the relationship between A f and beat frequency.

Before You Begin
Start a new experiment on the GLX.
1. Press (@ to go to the Home Screen.

2. Usethearrow keysto highlight the Data Files icon and press () to open
the Data Files screen.

3. Press to open the Files menu and press (= to select New File.

4. When the GLX asksif you would like to save the previous file, press (/>
to save or (2> not to save.

Procedure

GLX Set-Up

1. Press (&) to return to the Home Screen.

2. Usethearrow keys to highlight the Output icon and press (V). [qr\J
3. If the Speaker Configuration is not already set to Mono, use the arrow keys (Output

to highlight Speaker Configuration and press () to set it to Mono.

4. Usethe arrow keys to highlight the Frequency of the Left Output Channel
(as pictured to the right) and press (+) to increase the Frequency to 441 Hz.

IZ3TAM 0172705 HplorerGlx @ Bl

. . Qutput Setti
5. Press (2 to open the Left Step Size menu. Press the up arrow key to high- — e —
I|ght Step 0.1, then press @ . Output Device Internal Speaker i
Speaker Configuration Mono M
Dstep 0.1 Left Output Channel Right Output Channel
Waveform  |Sine 7|[waveform  Sine

req. (Hz) | 4470 |(fEMGH] 440.0
Phase (Dag) |:| Phase (Dag) 0

on  [step1 | on stepr g
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Beat Frequency

Data Collection

1. Press (7 and (F2D to turn on the Left and Right Output Channels.
Describe what you hear.

2. Inthe chart on the next page, write the frequencies of the Left and Right
Output Channels ( f e and f rignt)-

You will use the GL X’s Stopwatch screen to time the beat period. Sinceit is not
practical to measure the very short time between two beats, you will time 10 full
beat cycles and later divide by 10 to calculate the period. Start timing on beat
“zero” and stop timing on beat “ten,” asillustrated bel ow.

Audible
Sound
Level

v

Count: “zero” “one” “two” “three” “four” “five” “six” “seven” “eight”

beat period —>|

10 beat cycles

“nine”

“ten”

3. Press (® to return to the Home Screen; use the arrow keys to highlight
Stopwatch and press (V).

4. Count the beats, “zero, one, two, three, ..., ten.” Press (/) on beat “zero”
to start timing. Press (£ again on beat “ten” to stop timing.

5. Write the elapsed time of 10 cyclesin the chart below.
6. Press (F2) to reset the Stopwatch.

7. Press (& to return to the Home Screen; use the arrow keys to highlight Out-
put and press (V).

8. Usethe arrow keys to highlight the Frequency of the Left Output Channel.
9. Press (+) twiceto increase the Frequency by 0.2 Hz.

10. Record the Frequencies of the Left and Right Output Channels in the next
line of the chart.

11. Repeat steps 3 through 10 until you have written datain 6 lines of the chart.

G

Stopwatch

Qutput
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12. While viewing the Output Screen, press (£ and CF2) to turn off both out-

put channels.
Left Channel Right Channel Frequency Elapsed Time for Beat Period Beat Frequency
Frequency Frequency Difference 10 Beat Cycles
f et fright Af Theat f beat
Analysis

1. For each line of the chart, calculate and record the frequency difference

(Af= 1 — frignt) and beat period, Tpey. (YOu can do these calculationsin

your head.)
2. Press (& to return to the Home Screen; press (2D to open the Calculator.

GLX Users’

Guide

Use the calculator to calculate the beat frequency, f oy, for each line of the

chart.

froar = 1/ Toox

3. According to your data, what is the relationship between A f and f pe5?

139
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A

abs function 51

AC power 6

Analog Adapter 59

and() function 52

Annotation 25

Area Tool 20

Audio notes 25

Audio output 39, 50

Audio Settings 87

Audio temperature indicator, example 52
Automatic display launching 86
Automatic file opening 86
Automatic shut down 8, 85
Autoscale 16

Averaging 56

B
Back light 6, 86
Backup GLX (to USB storage device) 83
Battery
and file storage 94
capacity 95
charging 93
gauge 11
internal disconnection 94
reconditioning 95
replacement 95
Bits per sample (audio recording) 87

C
Calculator 41
Calibration 71
multiple-measurement 73, 77
navigating in dialog box 73
one-point offset 73
one-point slope 72
step-by-step instructions 75
two-point 72
Cell-selective manual sampling 60
Collision Timer 66
Computer
connecting GLX to 7
DataStudio 99
file transfer to 100, 104
GLX Simulator 103
using GLX with 99
Connected lines in Graph 22
Continuous Sampling mode 57
Contrast 6
Coordinates in Graph 16
Copying a file 81
Create Calculation from Linear Fit 22

D

Data annotation 25
Data Cursor 16, 22
Data Files screen 78
Data notes 25

Data Properties 69, 90
Data source menus 89
DataStudio 99

Date 85, 87

Xplorer

Date/Time (in Table) 31
Deep sleep mode 94
Deleting

calculations 50

data runs 16

files 80

Graph pages 25

sensors 59

Table cells 30
Delta Tool 18
Derivative 20
Digital Adapter 67
Digital Input timer 67
Digital output 51, 67
Digits display 37

E

Editing data 34

EE for Exponent settings 70
Engineering notation 70

Equipment included with GLX 4

Excel, export data to 32

Export All Data (as tab-delimited text) 32

F
File transfer
between GLXs 84
to and from computer 100, 104
to and from USB storage device 83
Files 78
copying 81
deleting 80
moving 81
opening 80
renaming 81
saving 80, 81
size limits 82
Firmware update 93
Flash drive (USB)
for file storage 83
for firmware update 93
Flash memory 82
Free Fall Adapter timer 65

G

General Counting timer 66
GLX settings 85

GLX Simulator 103

GLX storage 94
GLX-to-GLX File Transfer 84

GLX Users’ Guide

Graph display 13
Area Tool 20
Autoscale 16
Delta Tool 18
Derivative 20
Graphs menu 22
Linear Fit 19
pages 24
Scale/Move 16, 17
Scope mode 22
Slope Tool 19
Smart Tool 18
Statistics 19
Swap Cursors 21
Tools menu 17
Trigger 20
Two Graphs mode 24
Two Measurements mode 23
Two Runs mode 24
Zoom Tool 21
Graphing
equations 44
manually entered data 36
greater than operator 52

H

Hardware maintenance 93
Headphones 7, 40

Home Screen 9

|
inrange function 52

K
Keyboard 7, 90

L

Language 86

less than operator 52
limit function 51
Linear Fit 19

Linear Fit Cal 22

Lock Run Selection 31

M
Maintenance 93
Manual sampling 60
Manually entered data 32, 36
Mapping software, export data to 32
Measurements
name 69
unit 69
visibility 57
Memory Gauge 11
Memory types 82
Meter display 38
Mic Input Volume 87
Microphone 58
in DataStudio 102
mod function 51
Mouse 7
Moving a file 81
Multiple-measurement alignment 73, 77

141
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Multipress text input 90

N
Name of GLX 85
New Page
Graph 24
Notes 53
not() function 52
Note Editor dialog box 27
Notes (data annotation) 25
Notes screen 53
Numeric styles 70

(0]

On/Off button 6

One-point offset calibration 73, 77
One-point slope calibration 72, 76
Opening a file 80

or() function 52

Oscilloscope emulation 22
Output Device (audio) 87

Output screen 39

Output-control calculations 50
outputfreq function 52
outputstate function 51
outputswitch function 51
outputvolume function 52

P
Page
Graph 24
Notes 53
PASPORT sensors 6
Photogate and Pendulum timer 65
Photogate and Picket Fence timer 64
Photogate Timing 66
Power button 6
Power source 6
Printing 91

Q
Quick Start 5

R
RAM (random-access memory) 82
random function 51
Recording modes 57
Recording Status icons 11
Reduce/Smooth Averaging 56
Relay control 67
Renaming
data run 16
file 81
Resetting 96
Restore (from USB storage device) 83

S

Sample activities 105

Sample rate (audio recording) 87
Sampling modes 57

Sampling rate 56

Saving a file 80, 81
ScienceWorkshop sensors 59, 67
Scientific notation 70, 91

Scope mode 22

Screen contrast 6, 86

Screen mirroring and capture 104
Sensor Auto-Display 86

Sensors

calibration 71

multiple 55

removing 59

sampling rate 56

ScienceWorkshop 59, 67

set-up 55
Sensors screen 55
Settings screen 85
Set-up options for GLX 6
Shut down 7

automatic 8

manual 7

resuming after 8
Signal output 7, 39, 50
Significant figures 70
Sleep between samples 8
Slope Tool 19
Smart Pulley timer 65
Smart Tool 18
Sound level sensor 58

in DataStudio 102
Sound sensor 58

in DataStudio 102
Speaker Configuration

in Audio Settings dialog box 87

in Output Screen 40
Speaker Volume 87
Speakers 7, 40, 87
Spreadsheet, export data to 32
Start condition 20
Startup Action 86
Statistics

in Graph 19

in Table 29
Sticky Start 8
Stop condition 21
Stopwatch 54
Storage of GLX 94
Swap Cursors 21

T
Table display 28
Edit menu 30
editing 34
manual data entry 32
scrolling 29, 35
Statistics menu 29
Tables menu 31
Temperature probe 6
Temperature, GLX operating range 97
Text data 33
Text data notes 53
Text input via keypad 90
Time 85, 87
Time data in Table 31
Time of Flight timer 66
Timing screen 62
Top Bar 11
Trigger 20
Two Graphs mode 24
Two Measurements mode 23
Two Runs mode 24
Two-point calibration 72, 75

U
Update firmware 93
USB flash drive
for file storage 83
for firmware update 93

USB storage device
for file storage 83
for firmware update 93

\
Version 87
Voltage probe 6

4

Zero [Value| 70

Zero Automatically On Start 57
Zoom Tool 21
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Shortcut Summary

These keys and key combinations work from any screen in the

GLX environment.

Start and stop data collection ©)
Backlight + @
Contrast + &
Graph + D
Table + D
Calculator + (D
Sensors +
Home Screen

Next Screen +9
Previous Screen +@

Use these shortcuts when working in the Graph Screen.

Swap Cursors

&+ @

Toggle Active Data

@+
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XplorerGLX Font Software
PRODUCT LICENCE AGREEMENT

Read this license agreement carefully before signing it. You may use this PASCO Product only if you agree to the
following terms and conditions. If you do not agree to the following terms and conditions, you must not use the PASCO
Product. The following are the terms and conditions to which you agree upon when opening the package:

1. The PASCO Product contains font software which generates typeface designs (“Font Software”) You may not
alter Font Software for the purpose of adding any functionality which such Font Software did not have when delivered
to you as part of the PASCO Product. You may not embed Font Software into a document which is distributed as a
commercial product in exchange for a fee or other consideration (For example, End-Users shall not embed Font
Software into an electronic book that is offered to the public for a fee).

2. The PASCO Product may be used with your computer only and may not be reformatted or decompiled for any
purpose. The PASCO Product can only be used for your “Internal Use” and not for resale, sublicensing, or further
distribution. As used herein, “Internal Use” shall mean use in the course of your customary and ordinary business.
Internal Use shall not include any distribution whatsoever of the PASCO Product or any component thereof except that
you may electronically distribute Internal Use documents created by the PASCO Product in a static graphic image or in
an embedded electronic document which is distributed in a format that permits only the viewing and printing (and not
the editing, altering, enhancing, or modifying) of such static graphic image or embedded document. Internal Use shall
not include any use of the PASCO Product by entities that are neither your authorized employees nor your authorized
agents. All such employees and agents shall be notified by you as to the terms and conditions of this End-User
Agreement and shall agree to be bound by it. As used herein. “Internal Use” shall occur when an individual is able to
give commands (whether by keyboard or otherwise) that are followed by the Font Software, regardless of the location
in which the Font Software resides.

3.  The PASCO Product may not be used to create any electronic document in which Licensed Type Software is
embedded in a document in a format, which may be edited, altered, enhanced, or modified by the recipient of such
document.

4.  The PASCO Product may not be duplicated or copied except for one copy for archival purposes, program error
verification or to replace defective media. All copies must remain in your possession and bear the copyright notices
contained on the original except that an archival copy may be placed for safekeeping in the hands of a third party that
otherwise has no right to use such copy. All archival copies placed in hands of a third party must contain all proprietary
notices set forth on the original PASCO Product.

5.  No copies of the PASCO Product may be produced for any purpose other than those purposes expressly
permitted in paragraph 2 above.

6.  This license does not transfer any right, title, or interest in the PASCO Product to you except as specifically set
forth herein. You are on notice that PASCO claims protection of this software product under copyright laws. The
PASCO Product may have been developed by an independent third party software supplier, which holds copyright or
other proprietary rights to its software product. You may be held responsible by this supplier for any infringement of
such rights by you.

7. PASCO reserves the right to terminate this license upon breach. In the event of termination, you will be required
to return all copies of this product or provide PASCO with a certificate of destruction of all copies.

8. In the event you modify the PASCO Product or include it in any other software program, upon termination of this
license, you agree either to remove the software product or any portion thereof from the modified program and return it
to PASCO or to provide PASCO with a certificate of destruction thereof.

9. If this product is acquired under the terms of a (i) GSA contract - use, reproduction or disclosure is subject to the
restrictions set forth in the applicable ADP Schedule contract, (ii) DOD contract - use, duplication or disclosure by the
Government is subject to restrictions set forth in subparagraph (c)(1)(ii) of 252.277-7013; (iii) Civilian agency contract -
use, reproduction, or disclosure is subject to 52.277-19(a) through (d) and restrictions set forth in the accompanying
End User Agreement. All rights reserved under the copyright laws of the United States, United Kingdom and
elsewhere. MONOTYPE IMAGING Ltd, Unit 2 Perrywood Business Park, Salfords, Surrey, RH1 5DZ, England.
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