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To the Student

The activities in this book are designed to help you study science using probeware technology. A
probeware lab is different from other labs because it uses a probe or sensor to collect data, a data
collection unit to interpret and store the data, and a graphing calculator or computer to analyze
the data. These components are connected with a software program called DataMate that makes
them work together in an easy-to-use, handheld, system. These labs are designed specifically for
the TI-73 or TI-83 Plus graphing calculators and a CBL 2™ (produced by Texas Instruments, Inc.)
or LabPro® (produced by Vernier Software & Technology) data collection unit.

The activities in this book will help you improve your ability to recognize and use equipment
properly and to analyze data. To help you get started, the next few pages will provide you with:

+ information about getting started with probeware
+ alist of laboratory and safety guidelines

+ a reference page of safety symbols

Each lab activity in this manual includes the following sections:

+ Introduction provides a background discussion about the concepts you will study in the activity.
+ What You’ll Investigate contains questions that will be answered by completing the activity.

+ Goals are statements of what you should accomplish during the activity.

* Materials lists the supplies and equipment you will need for the activity.

+ Safety Precautions warn you of potential hazards in the laboratory. Before beginning any
activity, refer to the list of safety symbols in page viii to see what each symbol means and take
the necessary precautions.

+ Pre-Lab Questions review your knowledge of important concepts needed to complete the
activity successfully. Make sure that you discuss and understand the answers to these questions
before you begin each investigation.

* Procedure includes numbered steps that tell you how to carry out the activity.

+ Cleanup and Disposal provides instructions for cleaning equipment and your lab area.
Instructions also are given for proper disposal of any wastes.

+ Conclude and Apply includes a data table or other means for writing your laboratory data.
Remember to always record data and observations in an organized way as you do the activity.
This section also may show you how to perform the calculations necessary for you to analyze
your data and reach conclusions. It provides questions to aid you in interpreting data and
observations to help you reach an experimental result.

Copyright © Glencoe/McGraw-Hill, a division of the McGraw-Hill Companies, Inc.
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Getting Started with Probeware

The following instructions will guide you through the setup process for the data collection unit
and the graphing calculator. The activities are compatible with either the CBL 2 or the LabPro
unit. Each activity was written for use with TI-73 or TI-83 Plus graphing calculators. These
activities can be adapted for use with other graphing calculators or other data collection units,
if desired.

Connecting a Graphing Calculator to the CBL 2 or LabPro Unit
1. Insert batteries into the CBL 2 or LabPro unit and graphing calculator.

2. The cradle is an optional accessory that conveniently connects the two units. Slide the back of
the cradle onto the front of the CBL 2 or LabPro unit until it clicks into place.

3. Insert the upper end of the calculator into the cradle and press down on the lower end until it
locks into place.

4. Connect the CBL 2 or LabPro unit to the graphing calculator using the unit-to-unit link cable.
Plug the cable into the I/O port at the end of the CBL 2 or LabPro unit and the other end into
the I/O port at the end of the calculator. Make sure that the unit-to-unit link cable is securely
in place.

Drata collection unit

DHGASOMNIC channel

Startstop - \ f;"f ELE::?!:?_I; elease

Tl graphing Calculator
cradie

calcudator

Quick sotup

LEDS —==== W port

Channel 1

!
Channel 2 I,I'

Channel 3 AC adapter

port Lnit-to-unit

link cable

Probe




Resetting the Calculator Memory

It is recommended that the memory of the calculator be cleared before the DataMate data collec-
tion program is transferred.

1. Press _2d ] [MEM].
2. Select Reset.
3. Select ALL RAM...

4. Select Reset. The calculator screen
will display RAM cleared.

Transferring DataMate to the Calculator

The DataMate program is stored on the CBL 2 or LabPro unit and is transferred to the graphing
calculator for use. Once DataMate is transferred to the graphing calculator, it will remain there
until the calculator memory is reset using the instructions above.

1. For the TI-73, press _APPS ], Select Link...
For the TI-83 Plus, press _2¢ ] [LINK].
2. Use the right arrow to highlight RECEIVE. Press ENTER)

3. The screen will display Waiting... Press the large TRANSFER key found on the upper left-hand
side of the CBL 2 or LabPro unit. When the transfer is complete, the screen will display the
transferred programs followed by the word Done.

4, Press _2rd ] [QUIT].

Starting DataMate

When you are ready to collect data, use the following instructions to start DataMate.
For the TI-73: For the TI-83 Plus:

1. Press PReM ) 1. Press _APPs ),

2. Select DataMate. 2. Select DataMate.

3. Press _ENTER]

Setting up Probes Manually

The CBL 2 and LabPro unit should recognize the probe attached automatically. If this does not
happen, follow these instructions.

1. Select SETUP from the DataMate main screen.

2. Press ENTER] to select channel 1, or select the channel where the probe is inserted.
3. Select the correct sensor number from the SELECT SENSOR menu.

4. If requested, select the type of probe used.

5. Select OK to return to the DataMate main screen.

vi
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Laboratory and Safety Guidelines

Emergencies

Inform the teacher immediately of any mishap—fire, injury, glassware breakage, chemical spills,
and so forth.

Know the location of the fire extinguisher, safety shower, eyewash, fire blanket, and first-aid kit.
Know how to use this equipment.

If chemicals come into contact with your eyes or skin, flush with large quantities of water and
notify your teacher immediately.

Preventing Accidents

Do NOT wear clothing that is loose enough to catch on anything. Do NOT wear sandals or
open-toed shoes. Remove loose jewelry—chains or blacelets—while doing lab work.

Wear protective safety gloves, goggles, and aprons as instructed.

Always wear safety goggles (not glasses) in the laboratory.

Wear goggles throughout the entire activity, cleanup, and handwashing.

Keep your hands away from your face while working in the laboratory.

Remove synthetic fingernails before working in the lab (these are highly flammable).

Do NOT use hair spray, mousse, or other flammable hair products just before or during
laboratory work where an open flame is used (they can ignite easily).

Tie back long hair and loose clothing to keep them away from flames and equipment.
Eating, drinking, chewing gum, applying makeup, and smoking are prohibited in the
laboratory.

Do NOT inhale vapors or taste, touch, or smell any chemical or substance unless instructed to
do so by your teacher.

Working in the Laboratory

Study all instructions before you begin a laboratory or field activity. Ask questions if you do
not understand any part of the activity.

Work ONLY on activities assigned by your teacher. NEVER work alone in the laboratory.
Do NOT substitute other chemicals/substances for those listed in your activity.

Do NOT begin any activity until directed to do so by your teacher.

Do NOT handle any equipment without specific permission.

Remain in your own work area unless given permission by your teacher to leave it.

Do NOT point heated containers—test tubes, flasks, and so forth—at yourself or anyone else.
Do NOT take any materials or chemicals out of the classroom.

Stay out of storage areas unless you are instructed to be there and are supervised by your
teacher.

Laboratory Cleanup

Keep work, lab, and balance areas clean, limiting the amount of easily ignitable materials.
Turn off all burners, water faucets, probeware, and calculators before leaving the lab.
Carefully dispose of waste materials as instructed by your teacher.

With your goggles on, wash your hands thoroughly with soap and warm water after each
activity.

vii



DISPOSAL

BIOLOGICAL
EXTREME
TEMPERATURE
SHARP
OBJECT
FUME
ELECTRICAL =
IRRITANT
CHEMICAL
roxc I
OPEN
FLAME

Safety Symbols

Special disposal pro-
cedures need to be
followed.

Organisms or other
biological materials
that might be harmful
to humans

Objects that can burn
skin by being too cold
or too hot

Use of tools or glass-
ware that can easily
puncture or slice skin

Possible danger to
respiratory tract from
fumes

Possible danger from
electrical shock or
burn

Substances that can
irritate the skin or
mucous membranes
of the respiratory tract

Chemicals that can
react with and destroy
tissue and other mate-
rials

Substance may be
poisonous if touched,
inhaled, or swallowed

Open flame may ignite
flammable chemicals,
loose clothing, or hair

certain chemicals,
living organisms

bacteria, fungi, blood,
unpreserved tissues,
plant materials

boiling liquids, hot
plates, dry ice, liquid
nitrogen

razor blades, pins,
scalpels, pointed
tools, dissecting
probes, broken glass

ammonia, acetone,
nail polish remover,
heated sulfur, moth
balls

improper grounding,
liquid spills, short
circuits, exposed
wires

pollen, moth balls,
steel wool, fiberglass,
potassium perman-
ganate

bleaches such as
hydrogen peroxide;
acids such as sulfuric
acid, hydrochloric
acid; bases such as
ammonia, sodium
hydroxide

mercury, many metal
compounds, iodine,
poinsettia plant parts

alcohol, kerosene,
potassium perman-
ganate, hair, clothing

Do not dispose of
these materials in the
sink or trash can.

Avoid skin contact
with these materials.
Wear mask or gloves.

Use proper protection
when handling.

Practice common-
sense behavior and
follow guidelines for
use of the tool.

Make sure there is
good ventilation.
Never smell fumes
directly. Wear a mask.

Double-check setup
with teacher. Check
condition of wires and
apparatus.

Wear dust mask and
gloves. Practice extra
care when handling
these materials.

Wear goggles, gloves,
and an apron.

Follow your teacher’s
instructions.

Tie back hair. Avoid
wearing loose clothing.
Avoid open flames
when using flammable
chemicals. Be aware of
locations of fire safety
equipment.

Dispose of wastes as
directed by your
teacher.

Notify your teacher if
you suspect contact

with material. Wash

hands thoroughly.

Go to your teacher for
first aid.

Go to your teacher for
first aid.

Leave foul area and
notify your teacher
immediately.

Do not attempt to fix
electrical problems.
Notify your teacher
immediately.

Go to your teacher for
first aid.

Immediately flush the
affected area with
water and notify your
teacher.

Always wash hands
thoroughly after use.
Go to your teacher for
first aid.

Notify your teacher
immediately. Use fire
safety equipment if
applicable.

Eye Safety
Proper eye protec-
tion should be worn

at all times by any-
one performing or
observing science

activities.

0 Clothing
© Protection

This symbol appears
when substances
could stain or burn

clothing.

Animal Safety
This symbol appears
when safety of ani-

mals and students
must be ensured.

Radioactivity

This symbol appears
when radioactive
materials are used.
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Date

Class

Probeware Activity

Motion of a Bouncing Ball

When you dribble a basketball down the court or lob a tennis ball across the net, the forces act-
ing on the ball are what cause its motion to change. The downward push of your hand and the
downward pull of gravity cause the basketball to rush toward the ground. The ground then exerts
an upward force that makes the ball bounce back up. The force of the racquet against the tennis
ball sends the ball soaring across the net, and gravity helps pull the ball to the ground.

In this lab, you will drop a ball so that its motion is vertical and the only forces on it as it falls
are gravity and air resistance. You will use a motion sensor to record the movement of the ball,
and you will use a graphing calculator to graph the distance, velocity, and acceleration of the ball
as it bounces. By looking at graphs of the ball’s motion, you will see how the velocity and accelera-
tion of the ball are related.

What You'll Investigate

How does velocity change
as a ball bounces?

+ What is the relationship

between the acceleration

and velocity of a bouncing
ball?

+ How does the acceleration

of a bouncing ball change
as it bounces?

Safety Precautions s
+ Always wear safety goggles during labs.

Pre-Lab Questions
1. Describe the forces acting on a bouncing ball as it moves downward and as it moves upward.

Goals

Measure the height, velocity,
and acceleration of a bounc-
ing ball.

Produce graphs of the ball’s
motion as it bounces.
Analyze the graphs to see
how the velocity and accelera-
tion are related.

Materials

CBL 2 or LabPro unit

TI graphing calculator

link cable

DataMate program

motion sensor

racquetball (table-tennis ball,
optional)

AC adapter (optional)

2. When you hold a motion sensor above a ball that bounces vertically, the data you obtain shows
distance from the sensor, not the height of the ball. Explain how this affects the direction of the

velocity.

3. Predict how the distance, velocity, and acceleration of a ball change as it bounces.

lLab1 1



Name

Date

Class

Probeware Activity 1 (continued)

Procedure

Part A: Preparing the (BL 2 System

Figure 1

1.

Motion
sensor

Set up the calculator and CBL 2 unit, as
shown in Figure 1. Connect the motion sen-
sor to the DIG/SONIC channel on the right-
hand side of the CBL 2 unit.

2. Turn on the calculator and start DataMate.

Press CLEAR] to reset the program.

Part B: Collecting Data

2

1. Hold the ball at arm’s length and shoulder

height above a smooth, hard, level floor.

. Have another group member hold the
motion sensor just above the ball. Be sure
the circular detection window is facing
down toward the ball.

. Select START on the calculator to start the
measurement.

. Just as you hear a tone, indicating the
measurement is starting, release the ball.

. The sensor will measure the ball’s motion
for five seconds. During this time, be sure
the sensor is positioned horizontally over
the ball and that it remains at shoulder
height during the run.

Lab1

6. When data collection has ended, the calcu-

lator will display a screen offering you a
choice of graphs. Press ENTER] to select
DIG-DISTANCE. Your graph should look
similar to the sample graph provided by
your teacher. You should see periodic
motion after the first two or three peaks.

. If you would like to repeat the data collec-

tion, press ENTER) Select MAIN SCREEN.
Repeat steps 1-6 until your graphs look
similar to the sample graph.

Part C: Examining the Data

1.

Use the arrow keys to move the cursor
along the data points. The x-value displays
time and the y-value displays distance. In
the Data Table, record the x and y values
for each peak and valley beginning with
the 2 or 3+ valley. Round each value to
the nearest hundredths place.

. Sketch and label this graph in your Science

Journal. Press ENTER]

. Press the down arrow key once to select

DIG-VELOCITY. Press ENTER)

. Use the right arrow key to find the times

(x-values) that you recorded from the pre-
vious graph. Write the corresponding
velocities (y-values) in the velocity column
in the Data Table.

. Sketch and label this graph in your Science

Journal. Press ENTER]

. Press the down arrow key once to select

DIG-ACCELERATION. Press ENTER)

. Use the right arrow key to find the times

(x-values) that you recorded from the dis-
tance graph. Write the corresponding accel-
erations (y-values) in the acceleration col-
umn in the Data Table.

. Sketch and label this graph in your Science

Journal. Press ENTER)

. Refer to the graphs on your calculator to

answer the Conclude and Apply questions
on the following page.

Copyright © Glencoe/McGraw-Hill, a division of the McGraw-Hill Companies, Inc.
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Name Date Class

Probeware Activity 1 (continued)

Data Table: Experimental Data

/ Time Distance Velocity Acceleration Durliar?; 'é'g{,‘nQ
X y y y

Valley 2
Peak 2
Valley 3
Peak 3
Valley 4
Peak 4
Valley 5
Peak 5
Valley 6

Q’eak 6 /

Conclude and Apply

1. Identify the times when the ball was at the top of a bounce and when the ball hit the floor.
Explain how you determined this. Fill in the last column of the Data Table and label the peaks
and valleys of your distance-time graph with “top” or “floor.”

2. What was the velocity of the ball at the top of a bounce and at the floor? Label the points on the
velocity-time graph where the ball was on the floor and where it was at the top of the bounce.

3. What was the sign of the velocity as it was falling and as it was rising? How did the velocity
change when the ball hit the floor? Label the velocity-time graph to show where the ball is ris-
ing and where it is falling.

lab1 3



Name Date Class

Probeware Activity 1 (continued)

4. The acceleration-time graph shows a series of downward spikes connected by horizontal lines.
Explain how the horizontal lines and downward spikes are related to changes in the ball’s
motion. Label the acceleration-time graph to show where the ball was rising and falling and
where the ball was on the floor.

5. When was the force acting on the ball the greatest?

Cleanup and Disposal

1. From the graph-selection screen, select MAIN SCREEN. Select QUIT. Follow the directions on
the screen.

2. Turn off the calculator. Disconnect the motion sensor and the CBL 2 unit.

3. Return all equipment as directed by your teacher.

4 lab1
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Date

Class

Probeware Activity

Wave Modulation

What happens when you turn the dial on your radio? Every radio station transmits its signal at
a certain frequency. When you turn your radio’s dial, you choose the frequency you want to
receive. The signal broadcast by the radio station is an electromagnetic wave. The frequency of the
signal is the number of times the wave’s electric and magnetic fields complete one cycle of vibra-
tion each second. If a radio station transmitted its signal with a constant strength and frequency,
you would hear no music or voices on your radio. Instead, radio stations modulate, or vary, the
signal so you hear voices, music, and other sounds.

Radio stations modulate either the amplitude or frequency of the signal. An unmodulated sig-
nal is called a carrier wave. AM (amplitude modulation) stations vary the strength, or amplitude,
of the carrier wave. FM (frequency modulation) stations vary the frequency of the carrier wave.

In this activity, you will create an electrical circuit containing a rheostat. By turning the rheo-
stat’s knob, you can vary the current in the circuit. You will use this circuit to create graphs of an
unmodulated wave, a wave with amplitude modulation, and a wave with frequency modulation.

What You'll Investigate

+ Describe the shape of an
amplitude-modulated
wave.

+ Describe the shape of a fre-
quency-modulated wave.

+ What is the purpose of
modulating a carrier wave?

Safety Precautions aal

Goals

Create an electrical circuit to
use for demonstrating wave
modulation.

Collect Data as you use the
circuit to model wave modu-
lation.

Make graphs showing an
unmodulated wave, frequency
modulation, and amplitude
modulation.

+ Always wear safety goggles during labs.
+ Unexposed wires can quickly become very hot. Be careful not to touch them.

Pre-Lab Questions

Materials

CBL 2 or LabPro unit

TI graphing calculator

link cable

DataMate program

current probe

6-volt battery in a battery
case

enameled copper magnet
wire

sandpaper

6-volt lamp in a holder

25-ohm rheostat

timer or metronome

1. Draw sketches of an unmodulated wave, a wave with amplitude modulation, and a wave with

frequency modulation.

2. A rheostat is an electrical device that allows you to vary the resistance in a circuit. Use Ohm’s
Law to explain how changing the resistance on a rheostat would affect the current in a circuit.

3. Describe how a rheostat can be used to demonstrate wave modulation.

lab2 5



Name

Date Class

Probeware Activity 2 (continued)

Procedure
Part A: Preparing the (BL 2 System
Figure 1

Current-
probe box

Red
lead

Battery

in holder Lamp Rheostat

1. Create a circuit containing a rheostat, as
shown in Figure 1. Prepare segments of wire
by cutting it to desired lengths. Use sandpa-
per to strip about 1 cm of coating from the
end of the segment. Leave the battery dis-
connected until you are ready to begin
measurements.

2. Set up the calculator and CBL 2 unit, as
shown in Figure 1. Plug the current probe
into channel 1 of the CBL unit.

3. Turn on the calculator and start DataMate.
Press CLEAR] to clear the memory from pre-
vious labs. The current probe should be rec-
ognized automatically. If not, turn to page vi
for instructions on how to set up the pro-
gram manually.

4. Select SETUP to set up the time interval
between data points and the length of time
data will be collected. Press the up arrow key
once to select MODE:TIME GRAPH. Press
ENTER] . Select TIME GRAPH. Select
CHANGE TIME SETTINGS.

6 Llab2

5. The screen will display “Enter time between
samples in seconds.” Press_ 0 ) _ ]
__2 ] EnTeR], The screen will display “Enter
the number of samples.” Press __'* ] _ 2 ]
_ 0 ] EnTER],

6. Select OK. Then select OK again to return
to the main screen. The CBL 2 unit will col-
lect data every 0.2 seconds for a period of 24
seconds.

Part B: Collecting Data

1. Review the sketch of an unmodulated wave
that you drew for the Pre-Lab Questions.
Notice that the amplitude and the frequency
of the wave are constant.

2. Connect the wire to the battery in the cir-
cuit. Practice changing the resistance of the
rheostat from high to low at a constant rate.
Use the timer and the lamp to help you
maintain a steady pace.

3. Select START on the calculator when you
are ready to start taking data. Use the rheo-
stat to produce an unmodulated wave.

4. When the time period ends, a graph of your
data will appear on the calculator screen. If
you wish to repeat the measurement, press
ENTER) to return to the main screen. Then
select START to start recording data again.

5. When you obtain a smooth graph of an
unmodulated wave, carefully draw and label
a sketch of this graph in your Science
Journal. Have your teacher approve your
sketch before you proceed. Press ENTER] to
return to the main screen.

6. Repeat steps 1-5 for an amplitude-
modulated wave and for a frequency-
modulated wave. The amplitude of the wave
can be altered by varying the degree that you
change the resistance of the rheostat. The
frequency can be varied by changing the rate
at which the resistance is varied.

Copyright © Glencoe/McGraw-Hill, a division of the McGraw-Hill Companies, Inc.
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Name

(Class

Probeware Activity 2 (continued)

Part C: Examining Data

1.

Look at the graphs you obtained for the dif-
ferent types of wave modulation. In your
Science Journal, describe how the graphs
are similar and ways they are different.

. Construct a code that would enable the

frequency-modulated or amplitude-
modulated waves you produce in this lab
to transmit the digits 1, 2, and 3.

Cleanup and Disposal

1. Select QUIT to exit the DataMate program. Follow the directions on the calculator screen. Turn
off the graphing calculator. Disconnect the current probe from the CBL 2 unit.

2. Disconnect all parts of the circuit.

3. Return all equipment as directed by your teacher.

Conclude and Apply

1. Compare the shapes of the three types of waves you created.

3. Using your code, describe in your Science

Journal how you could produce a frequency-
modulated wave or amplitude-modulated
wave that could transmit a three-digit num-
ber consisting of the digits 1, 2, and 3.

. Explain why it is necessary for radio stations to modulate their carrier waves.

. When an AM radio station transmits a signal, it modulates the amplitude of the carrier wave.

The modulated wave has a constant frequency, but the frequency with which the amplitude

changes is very important. Explain.

. In radio broadcasting, “noise” is any background signal that is not part of the original signal.

Noise usually affects the amplitude of the carrier wave. Look at the graphs you made of
amplitude-modulated and frequency-modulated waves. Based on the shape of the waves,
explain why signals transmitted from FM radio stations are less susceptible to noise than signals

transmitted from AM radio stations.

lab2 7
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Name

Date

Class

Polarizing Light

Probeware Activity

Imagine looking across a lake at the end of a beautiful day. The setting Sun reflects orange and
yellow off the ripples on the lake. Even though your eyes can’t recognize it, the light that reflects
off the lake is different from the light shining from the Sun in an important way. The electric and
magnetic fields of the electromagnetic waves of ordinary light, such as sunlight or the light from a
lamp, are oriented in every direction. Light that reflects off the lake, however, is somewhat polar-
ized. In polarized light, the electric and magnetic fields are oriented in one direction. When light
is reflected from a lake surface, more light rays have their electric fields oriented parallel to the
surface of the lake than in any other direction.

In this activity, you will investigate polarized light using filters. Polarizing filters are produced
in such a way that the molecules form parallel chains that conduct electricity. When light strikes
a filter, waves with electric fields that are aligned with these chains are absorbed, and light waves
with electric fields that are aligned perpendicular to the chains are transmitted. You will use a light
sensor to observe what happens to light that passes through polarizing filters.

What You'll Investigate

+ What is a polarizing filter?

+ What happens to light that
passes through one or two
polarizing filters?

+ What happens if you rotate
a polarizing filter?

Goals

Predict the effect of polariz-
ing filters used in different
ways.

Measure the light intensity
transmitted through polariz-
ing filters.

Make a graph showing varia-
tions in light transmission.
Analyze your graph to deter-
mine the effect of polarizing
filters.

. =
Safety Precautions Sax r.
+ Always wear safety goggles during labs.

* Avoid touching a hot lamp.

Pre-Lab Questions

Materials

CBL 2 or LabPro unit
TI graphing calculator
link cable

DataMate program
light sensor

polarizing filters (2)
lamp

ring stand with clamp

1. Describe an electromagnetic wave. What produces an electromagnetic wave and how does it

propagate, or travel, through space, continually recreating itself?

2. Explain how a polarizing filter affects light that strikes it.

3. Predict what would happen if light passed through two polarizing filters. Would the orientation

of the filters matter? Explain.

4. How different would light look after being passed through a single polarizing filter? Explain.

lLab3 9
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Date

Class

Probeware Activity 3 (continued)

Procedure

Part A: Preparing the (BL 2 System

Figure 1
Clamp holding
the light sensor
AR
Lamp

10

. Set up the calculator and CBL 2 unit, as

shown in Figure 1. The clamp on the ring
stand should hold the light sensor securely.

. Plug the light sensor into channel 1 of the

CBL 2 unit. Turn on the calculator and start
the DataMate program. Press CLEAR] to reset
the program.

. The light sensor should be recognized auto-

matically. If not, turn to page vi for instruc-
tions on how to set up the program manually.

. Select SETUP to choose the conditions for

your measurement. Press the up arrow key
once to select MODE:TIME GRAPH.
Press _ENTER]

. Select TIME GRAPH, and then select

CHANGE TIME SETTINGS.

. The calculator will display “Enter the time

interval between samples in seconds.” Enter

o ) - ) 2 ] EnteR], The calculator
will display “Enter number of samples.”
Enter _* ] 2 ] _ o ] EnteR] The CBL
2 unit is now set to collect data five times
per second for 24 seconds. Select OK to exit,
and then select OK again to return to the
main screen.

Lab3

6. The lamp must be positioned so that ade-

quate light strikes the sensor without caus-
ing it to saturate. The upper right-hand cor-
ner of the calculator screen should display
the level of light striking the sensor. If you
cover the end of the sensor with your hand,
the level should be close to zero, and if the
sensor is exposed to full light, the level
should be 1. Turn off overhead lights to
avoid background light from reaching the
sensor during the measurement. Arrange the
lamp and the ring stand so that the light
level is approximately 0.8.

Part B: Collecting Data

1.

Before beginning the measurements, observe
the properties of the polarizing filters. Be
sure to hold the filters along the edges to
avoid getting fingerprints on the film. Can
you determine the direction of polarization
for each filter?

. Hold a filter in each hand on either side of

the light sensor. The level of light reaching
the sensor will vary significantly if the ring
stand is moved. If you accidentally bump
against it, you must stop and reposition it so
that the light level is again approximately
0.8. If you bump against it during a meas-
urement, you must repeat the measurement.

. Have your partner select START on the cal-

culator to begin the measurement. For the
first 5 seconds, allow the sensor to measure
the light level without any filters. Next, place
one filter very close to the sensor, being
careful not to touch it. After 5 seconds, place
the second filter close to the first one. About
5 seconds later, slowly begin to rotate the
second filter. Continue until the CBL 2 unit
beeps to indicate the end of the measure-
ment period.
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Name

Date Class

Probeware Activity 3 (continued)

Part C: Examining the Data

1. Draw and label a sketch of your graph in
your Science Journal.

2. Use the calculator’s arrow buttons to move
the cursor along the data points on the
graph. The values for the time (x-values)
and the light level (y-values) will appear at
the bottom of the screen.

Cleanup and Disposal

3. Notice how the light level changed as the fil-
ters were placed in front of the sensor. Also
notice how the light level changed when the
second filter was rotated.

4. Answer the Conclude and Apply questions
before turning off the calculator.

1. After answering the Conclude and Apply questions, press ENTER] to exit the graph screen. Select

QUIT and follow the directions on the screen.

2. Turn off the calculator. Disconnect the light sensor from the CBL 2 unit.

3. Return all equipment as directed by your teacher.

Conclude and Apply

1. Use your graph to explain changes in the level of light during the measurement period. Relate
these changes to the placement of filters in front of the sensor.

2. When light passes through an ideal polarizing filter, half of the light is absorbed and half is
transmitted. When this transmitted light passes through a second filter with its polarization axis
perpendicular to the first, almost no light is transmitted. Use the cursor on your calculator to
determine if the reductions in light levels you recorded correspond to the ideal drops. Explain

the source of any differences.

3. Use the results of your measurements to explain how viewing the Sun reflecting off the lake
described in the introduction to this activity would be affected if you looked at it through a
polarizing filter held with its axis of polarization perpendicular to the ground

4. Would you expect polarized sunglasses and automobile windshields to have their axes of polar-
ization perpendicular or parallel to the ground? Explain.
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Name Date Class

Probeware Activity

Solutions, Colloids, and Suspensions

Almost everything around you is a mixture. In many of these mixtures, you can see the differ-
ent parts. An omelet may be a mixture of eggs, cheese, and vegetables. If you look closely at a
handful of dirt, you might see that it is a mixture of soil, sand, and tiny pieces of plants. Other
mixtures have parts so small that you can’t see them. Air is a mixture of nitrogen, oxygen, and
other gases. Vinegar is a mixture of acetic acid and water.

A mixture often is defined by the size of its particles, whether light scatters when it passes
through the mixture, and whether the particles settle to the bottom of the mixture. In this activity,
you will use these properties to identify five unknown liquids. Using a flashlight, you can deter-
mine whether or not the liquid scatters light. You will use a CBL 2 unit, a graphing calculator, and
a light sensor to measure changes in the mixture’s light transmission over time. This will indicate
whether particles in the mixture are settling.

What You'll Investigate Goals Materials
+ What types of mixtures Determine the ability of a CBL 2 or LabPro unit
scatter light? mixture to scatter light. TI graphing calculator
+ How can you classify a Measure changes in a mix- link cable
mixture by the way its par- ture’s light transmission over DataMate program
ticles settle? time. light sensor
+ What are everyday exam- Classify mixtures according flashlight
ples of solutions, colloids, to their properties. stirring rod
and suspensions? 100-mL beaker

masking tape or clamps (2)
five unknown liquids
(provided
by your teacher)

Safety Precautions ®|_FMes ¥

+ Never eat or drink anything in lab. Always wear safety goggles and a lab apron. Dispose of lig-
uids as directed by your teacher. Wash your hands thoroughly after handling liquids.

Pre-Lab Questions

1. The size of the particles in a mixture determines whether the mixture is a solution, colloid, or
suspension. These particles are so small that their sizes are given in nanometers. What is a
nanometer?

2. Compare and contrast properties of solutions, colloids, and suspensions.

3. Why is light that travels through a colloid scattered, but light that travels through a solution not
scattered?

4. How can changes in transmission of light be used to determine whether a mixture is a solution,
colloid, or suspension?
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Date

Class

Probeware Activity 4 (continued)

Procedure
Part A: Preparing the (BL 2 System

Figure 1

Flashlight

Test
liquid

Tape

Light
sensor

. Connect the light sensor to channel 1 of the
CBL 2 unit. Turn on the calculator and start
the DataMate program. Press CLEAR] to reset
the program. The light sensor should be rec-
ognized automatically. If not, turn to page vi
for instructions on how to set up the pro-
gram manually.

. Select SETUP to set up the time interval
between data points and the length of time
between samples. Press the up arrow key
once to move the cursor to MODE:TIME
GRAPH. Press ENTER]  Select TIME GRAPH,
and then select CHANGE TIME SET-
TINGS.

. The calculator will display “Enter the time
interval between samples in seconds.” Press
~ o ) -] s ) EntER), The calculator
will display “Enter number of samples.”
Press _ ' ) 2 ] o ] [ENTER] The
CBL 2 unit is set up to collect data twice a
second for 60 seconds.

. Select OK to exit and then select OK again
to return to the main DataMate screen.

14 lab4

Part B: Collecting Data

1.

Your teacher has prepared five unknown
liquids. Choose a bottle of unknown liquid.
Be sure the cap is screwed on tightly.
Vigorously shake the bottle and immediately
pour about 75 mL of liquid into a beaker.

. Take the liquid to the light scattering station.

Shine the flashlight through the liquid.
Notice whether or not the liquid scatters
light. Write yes or no in the Data Table.

. Arrange the setup for measuring light

transmission as shown in Figure 1. The
placement of the flashlight will be different
for each liquid.

. The light sensor measures the amount of

light it receives on a scale of 0 to 1. Very
bright light will exceed the range of the
probe. Your measurements should always be
less than 1 to be valid. The value that the
probe records is shown in the upper right-
hand corner of the calculator screen.

. Arrange the flashlight so that the light probe

measures a value between 0.1 and 0.5. For
cloudy liquids, you can shine the light
directly through the beaker to the probe. For
clear liquids, you will have to move the
flashlight to the side of the beaker. Tape the
flashlight securely in place.

. Use a stirring rod to gently stir the liquid.

Wait about 10 seconds to allow it to stop
swirling. Select START to begin the meas-
urement. At the end of 60 seconds, the
calculator will display a graph of your data.
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Name

Class

Probeware Activity 4 (continued)

Part C: Examining the Data

1.

For liquids in which the light transmission
remained fairly constant, you will need to
rescale the graph. First, look on the graph
and note the beginning y-value. Press ENTER]
to return to the main screen. Select GRAPH.
Press ENTER]  Then select RESCALE. Select
Y SCALE. The calculator will display several
questions about how to scale the graph.

. Obtain Ymin by subtracting 0.015 from the

beginning y-value. Use the __ 0 ] key to
enter a negative value if necessary. Obtain
the YMax value by adding 0.015 to your
beginning y-value. The YScl value (referring
to the increments on the y-axis) should be
0.005. Press ENTER] after typing each value.

. The new graph will appear on the calculator

screen. Draw and label a sketch of this graph

. Press ENTER] to exit the graph screen. Select

RETURN. Select MAIN SCREEN.

. Repeat steps 1 through 7 of Collecting Data

for the remaining liquids. For liquids in
which the light transmission remained fairly
constant, repeat steps 1 through 4 of
Examining the Data.

. When you are finished with all five graphs,

select QUIT from the main screen. Follow
the directions on the screen.

Cleanup and Disposal
1. Dispose of the liquids as directed by your

teacher.

2. Turn off the calculator. Disconnect the light

sensor from the CBL 2 unit.

3. Return all equipment as directed by your

in your Science Journal. teacher.
Data Table: Light Data
/ Liquid A Liquid B Liquid C Liquid D Liquid E\

Scatters light

Particles settle

\ Type of liquid

/

Conclude and Apply
1. Which of the liquids that you tested scattered light?

2. What did an increase in light transmission indicate about the liquid?

3. Determine which of the liquids showed particle settling. Write yes or no in the Data Table.

4. Based on your light-scattering data and transmission graphs, deduce whether each liquid is a
solution, colloid, or suspension. Write this in the Data Table next to “Type of liquid.”
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Name Date Class

Probeware Activity

Conductivity of Solutions

An electrolyte is a substance that conducts electric current by the transport of ions. This may
occur while the electrolyte is in its pure state or dissolved in an aqueous (water) solution. If the
substance produces a high concentration of ions in solution, it is a strong electrolyte and a good
electrical conductor. All strong acids, strong bases, and ionic compounds are strong electrolytes. If
the substance produces a low concentration of ions in solution, it is a weak electrolyte and a weak
electrical conductor. Weak acids and weak bases are weak electrolytes. A nonelectrolyte is a sub-
stance that doesn’t produce ions in solution. Since no ions are available to transport charge, non-
electrolytes are nonconductive. Most molecular compounds, excluding acids, are nonelectrolytes.

The process of dissociation is the separation of ions. Some substances, such as sodium chloride,
are ionic in their solid form. When they are dissolved in water, the ions dissociate. Other sub-
stances, such as acids, are molecular compounds. Acids form ions when they are dissolved in water
solution—a process known as ionization. These substances ionize as they dissociate. In this activ-
ity, you will use a CBL 2 unit, a graphing calculator, and a conductivity probe to measure the
conductivity of various substances. You will use your data to classify each substance as a strong
electrolyte, weak electrolyte, or nonelectrolyte.

What You'll Investigate Goals Materials
- What is an electrolyte? Measure the conductivity of CBL 2 or LabPro unit
« What are ionization and various substances. TI graphing calculator
dissociation? Explain why acids are either link cable
« How is the concentration strong or weak electrolytes. DataMate program
of ions related to the ability Explain why ionic com- conductivity probe
of a substance to conduct pounds are strong electrolytes ~ 250-mL beaker
electricity? and most molecular com- wash bottle
pounds are nonelectrolytes. distilled water

testing solutions (provided by
your teacher)

Safety Precautions B ¥ i oW ed r 3 a0 In

Wear safety goggles, protective gloves, and an apron during this lab. Never eat or drink sub-
stances used in a lab. Avoid breathing the fumes of chemicals. Some substances used in this lab
can severely burn or irritate your skin, avoid contact and report any spills immediately.

+ Do NOT dispose of any solutions used in this lab. Give solutions to your teacher for disposal.

Pre-Lab Questions

1. Explain the difference between ionization and dissociation.
2. What is an electrolyte?

3. Describe how a conductivity probe works.
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Date Class

Probeware Activity 5 (continued)

Procedure
Part A: Preparing the (BL 2 System

Figure 1

Test solution

Conductivity
probe

1. Set up the calculator and CBL 2 unit, as
shown in Figure 1. Make sure the switch on
the conductivity probe box is set to a range
of 0-20000 pS. The probe measures in
microsiemens, a unit of conductance.

2. Plug the conductivity probe into channel 1
of the CBL 2 unit. Turn on the calculator
and start the DataMate program. Press

CLEAR] to reset the program. The probe
should be recognized automatically. If not,
refer to page vi for instructions on how to
set up the probe manually.

3. Select SETUP to choose the conditions for
your measurement. Press the up arrow key
once to move the cursor to MODE:TIME
GRAPH. Press ENTER) | Select SELECTED
EVENTS. Then select OK. The calculator is
now set to record a measurement whenever
you press ENTER]

Part B: Collecting Data

1. Your teacher has arranged a series of testing
solutions. You will use the conductivity
probe to record the conductivity of each
solution. Before starting, fill the wash bottle

18 Llabs

with distilled water for later use. Select
START to begin the measurement program.

2. Place the conductivity probe into the solu-
tion labeled acetic acid. Swirl the probe gen-
tly. Make sure the end of the probe remains
submerged. After about five seconds, press
ENTER) on the calculator. The CBL unit will
record the conductivity of the solution.

3. Remove the probe from the solution, being
careful not to let it drip on the table. Hold
the probe over an empty 250-mL beaker and
carefully rinse with distilled water.

4. Proceed to the next testing solution. Repeat
steps 2 and 3 of Collecting Data. It is very
important to measure the testing solutions
in the order in which your teacher has
arranged them and to rinse the probe with
distilled water between measurements.

5. When you have completed taking measure-
ments for all solutions, press _STJ to stop
the measurements.

Part C: Examining the Data

1. The calculator will display a graph of all
data points you have collected. Use the
arrow keys to select the data points. Record
these measurements in the Data Table.
Round to the nearest whole number.

2. Notice how the points on your graph are
distributed. Consider how the ion concen-
trations of the solutions are related to the
placement of the data points. Answer the
Conclude and Apply questions before you
turn off your calculator.

Cleanup and Disposal

1. Press ENTER] to return to the DataMate
screen. Select QUIT and follow the direc-
tions on the screen.

2. Turn off the calculator. Disconnect the tem-
perature probe from the CBL 2 unit.

3. Return all equipment as directed by your
teacher. Give your test solutions to your
teacher to dispose of.
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Date

Class

Probeware Activity 5 (continued)

Data Table: Conductivity Data

-

Aqueous Solutions

Conductivity
(nS)

lonic
or
Molecular

Does
ionization
occur?

Level of
Dissociation

Strong, Weak\

or

Nonelectrolyte

Acetic acid
(CH;COOH)

Hydrochloric acid
(HCI)

Ethanol (C,HOH)

Sugar water
(CH120¢)

Tap water (H,O)

Sodium hydroxide
(NaOH)

Salt water (6 g/L)

Salt water (10 g/L)

Salt water (20 g/L)

\Distilled water (H,O)

/

Conclude and Apply

1. Determine which compounds are ionic or molecular, in which compounds ionization occurs,
and whether the level of dissociation was high, medium, or low. Write this in the Data Table.

2. Determine which substances you tested are strong electrolytes, which are weak electrolytes,

and which are nonelectrolytes. Write this in the Data Table.

3. Are the acids you tested strong, weak, or nonelectrolytes? Explain why this makes sense.

4. Why are all ionic compounds strong electrolytes and most molecular compounds nonelectrolytes?

5. Look at the data you obtained for saltwater conductivity at three different concentrations. Write
a general statement that describes the change in conductivity for increased concentration.

6. Why is distilled water a nonelectrolyte and tap water a weak electrolyte?
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Date

Class

Probeware Activity

Reactions of Acids and Bases

Acids and bases are classified by how well they dissociate, or break into ions, in water. Strong acids
and strong bases dissociate completely. Weak acids and weak bases dissociate slightly. When hydro-
gen ions (H") from an acid react with hydroxide ions (OH") from a base, the reaction is written as:

H"+OH™ — H,O + heat

The increase in temperature during an acid-base reaction indicates the number of ions present
and the strength of the acid and base. Using a CBL 2 unit, a graphing calculator, and a tempera-
ture probe, you will record the temperature changes for two acid-base reactions. Based on your
results, you will infer which reaction was between a strong acid and a strong base and which reac-
tion was between a weak acid and a weak base.

What You'll Investigate

+ What does the temperature
change indicate about the
strength of acids and bases
in a reaction?

* How is the number of ions
present related to the reac-
tion of an acid and a base?

Goals

Measure temperature changes
during acid-base reactions.
Draw conclusions about the
strength of acids and bases
using the temperature changes
that occur when they react.

Safety Precautions ©] &l L]

* Chemicals used in this lab are toxic and can cause severe burns. Never eat or drink anything in
lab. Dispose of all chemicals as directed by your teacher.

Pre-Lab

Materials

CBL 2 or LabPro unit

TI graphing calculator

link cable

DataMate program

temperature probe

pH probe

distilled water

wash bottle

250-mL beaker

small foam cups (2)

100-mL graduated
cylinders (2)

unknown acids and bases
(provided by teacher)

1. What is the difference between a strong acid and a weak acid, and a strong base and a weak base?

2. Write balanced molecular equations that show the reaction between hydrochloric acid (HCI)
and sodium hydroxide (NaOH) and the reaction between acetic acid (CH;COOH) and ammo-

nium hydroxide (NH,OH).

3. Will the reaction temperature increase more when you combine a strong acid with a strong base
or when you combine a weak acid with a weak base? Explain.

4. When mixing an acid and a base, should you start with the base and add the acid to it, or
should you start with the acid and add the base to it? Explain why this is important.
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Date Class

Probeware Activity 6 (continued)

Procedure
Part A: Preparing the (BL 2 System

Figure 1

Temperature
probe

1. Set up the calculator and CBL 2 unit, as
shown in Figure 1. Plug the temperature
probe into channel 1 of the CBL 2 unit. Turn
on the calculator and start the DataMate
program. Press CLEAR] to reset the program.

2. The temperature probe should be recog-
nized automatically. If not, refer to page vi
for instructions on how to set up the probe
manually.

Part B: Collecting Data

1. Obtain beakers containing unknown acids
and bases from your teacher. One of the
acids is hydrochloric acid (HCl), a strong
acid. The other acid is acetic acid
(CH3;COOH), a weak acid. One of the bases
is sodium hydroxide (NaOH), a strong base.
The other base is ammonium hydroxide
(NH,OH), a weak base.

2. Fill your wash bottle with distilled water.
Place a foam cup into a 250-mL beaker. Use
the graduated cylinder to measure 50 mL of
Base 1. Pour the base carefully into the foam
cup. Use the other graduated cylinder to
measure 50 mL of Acid 1. Set it aside.

3. Place the probe into the foam cup. After a
few moments, select START.

22 labé

4. Wait about ten seconds. Then carefully pour
the 50 mL of Acid 1 into the cup containing
Base 1. Use the probe to stir the solution gently.

Part C: Examining the Data

1. When the three-minute measurement
period has ended, a graph of the data will
appear. Remove the temperature probe from
the solution and rinse it over a sink using
distilled water in a wash bottle. Dispose of
the solution and the foam cup according to
your teacher’s instructions. Rinse the gradu-
ated cylinders with water.

2. Use the calculator’s arrow keys to move the
cursor along the data points on the graph.
The time (x-values) and temperature
(y-values) will be displayed at the bottom of
the screen. Record the minimum and maxi-
mum temperature values in Data Table 1.

3. Draw and label a sketch of your graph in
your Science Journal. Press ENTER]

4. Repeat Collecting Data steps 2—4 and
Examining the Data steps 1-3 using Acid 2
and Base 2.

5. Look at the temperature differences for each
of the reactions. Use this information to
infer the name of each acid and base. Write
your inferences in Data Table 2.

6. Replace the temperature probe with the pH
probe in channel 1 of the CBL 2 unit. Press
CLEAR] to reset the program.

7. Carefully remove the storage bottle from the
pH probe. Slide the cap and o-ring up the
barrel of the pH probe and out of the way.
Set the bottle aside in a secure location.
Rinse the end of the probe over a sink or a
beaker using your wash bottle.

8. Place the pH probe into the remaining Acid
1 solution. You may need to tilt the beaker
slightly to ensure that the end of the probe
is submerged. The pH reading will be shown
in the top right-hand corner of the calcula-
tor screen. Record this value in Data
Table 2. Rinse the end of the probe.

9. Repeat for the remaining acid and bases.

Rinse the probe with water between solutions.
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Probeware Activity 6 (continued)

Cleanup and Disposal
1. When you are finished, select QUIT. Follow the directions on the screen.

2. Turn off the calculator. Remove the pH probe from the CBL 2 unit. Rinse the end of the probe
thoroughly with your wash bottle and replace the storage bottle.

3. Dispose of the remaining acids and bases as directed by your teacher.

4. Return all equipment as directed by your teacher.

Data Table 1: Temperature Change

/ Minimum Maximum Temperature\
Temperature | Temperature Difference
(°C) (°C) (°C)

Reaction of Acid 1 and Base 1
\Reaction of Acid 2 and Base 2 /

Data Table 2: pH Values

/ pH Inferred Name of Acid or Base \
Acid 1
Acid 2

Base 1

@ase 2 /
Conclude and Apply

1. Was your inference about the identity of the acids and bases correct? Explain how you were
able to make your conclusions.

2. Which of the reactions had more ions available to react? Explain how you know this.

3. How did the pH measurements verify the identity of the unknowns?
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