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Preface

l. Overview of Earth Science Labs with Computers: Student Workbook (CI-7061A)

The Student Workbook fdgarth Science Labs with Computdras seventeen activities in two
independent parts. Each part is based on a theme related to popular concepts in earth science:

Part Theme Description

1

This part has two components:

M Stewardship: . . .
’“@? The Water Planet 1. On afield trip to a stream, river, pond, or other source of
water, students will use DataStudio or ScienceWorkshop

to make measurements of flow rate and temperature.
They will also collect water samples that will be tested in
the lab for turbidity, clarity, and pH using
ScienceWorkshop.

2. Inthe lab, students will use DataStudio or
ScienceWorkshop to explore the relationships between
the quality of water and factors that affect it (e.g.,
organisms, pollutants, etc.).

Students will use their understanding of these relationships to
do the following:

e Discuss some of the causes and possible consequences
of poor water quality.

*  Propose ways to protect and/or improve water quality.

Part Theme Description

This part is based on the following scenario:

Mission to ,
' Other Worlds Students are members of a Space Agency science research

team. They are given tasks related to a planned future mission
to another planet.

They will use DataStudio orScienceWorkshop in activities
designed to emulate the following:

e sending a spacecraft to another world
e exploration of a planetary surface

Based on their results, students will make recommendations
to the project manager (instructor) about such things as the

best landing site, how much acceleration a spacecraft might
experience on landing, etc.

Teamwork

Each activity allows students to work as a team to creatively solve a problem or answer a
guestion related to a concept from earth science. While solving the problem or finding the
answer, students will be challenged to do the following: devise a plan, construct experimental
setups, us®ataStudioor ScienceWorkshao record and analyze data, and report results

Extensions

All of the activities can lead to further exploration of the topics in earth science.

©1999 PASCO scientific Y,
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Student Workbook Components — Part 1
Each activity in Part 1 of the Student Workbook has two parts:

Procedure Outline
The Procedure Outline iskasic outlineof how to get started and it has four L

T T E———

sections: Procecure clatire

A.  Setup the equipment o o
iy I O

B. Set up the experiment o

C. Do the experiment
D. Analyze the data

The Procedure Outline has general instructions about how to set up equipment and use
DataStudioor ScienceWorkshoj record and analyze data.

Report

The report asks the students to do the following:

. Restate the purpose of the activity in their own words
. Record their results and write their conclusions

. Answer the questions and write definitions for the vocabulary words in
Procedure Outline

In addition, each activity in Part 1 has a matching section in Appendix A

At
Report—
e —
DATA.

Appendix A — .:... "
Appendix A of the Student Workbook has ‘Procedure Details’ for each | i
activity in Part 1. The ‘Procedure Details’ section gistp-by-step T
instructions of how to plug in sensors, set up equipment, and use ==
DataStudioor ScienceWorkshojp record data and analyze results. —

Student Workbook Components — Part 2
Each activity in Part 2 of the Student Workbook has three parts:
Memorandum

The first part of each activity in Part 2 is a “memo” from a fictional characte
who works at a Space Agency. In the memo, students are given a specific
(or job) and background about the task. They will also receive the following

. General description of a procedure
. Recommended equipment
. List of expected outcomes

[ MEMO:

T0: Science
Research Team
FROM: Joe Venus,
Space Agency
A istrator

ackground:

Procedure Outline and Report

The second and third parts of each activity in Part 2 are the samePasdbdure Outlineand
Reportin Part 1.

In addition, each activity in Part 2 has a matching section in Appendix B.

Appendix B

Appendix B of the Student Workbook has a ‘Technical Manual’ section for each activity in Part
2. The Technical Manual givestep-by-stejmnstructions.

Vi ©1999 PASCO scientific
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Overview of Earth Science Labs with Computers: Teacher’s Guide (CI-7060A)
The Teacher’s Guide includes all of the pages oftindent Workbook (including the

appendices) plus the following additions:

Correlation of each activity with the National Science Education Content and Teaching

Standards.

Equipment List for each activity including quantities where appropriate.

Preparation Information Summary.

Preface

Earth Science Labs with Computers

Full description of the components of the Student Workbook and the Earth Science

Bundle.

Completed.ab Report with typical data, answers to questions, and
vocabulary definitions. If students are challenged to make conclusions,
suggestions, or recommendations, typical answers are included.

Teacher’s Notesncluding time estimates for preparation and the lab,
student objectives, safety reminders, tips and techniques, and suggeste

Extensions for the activities.

Overview of the Earth Science Bundle

Earth Science Bundle

The PASCO Earth Science Bundle includes the following:

ScienceWorkshop 500 Interface
Sensors

Earth Science Labs with Computers, Student Workbook

Earth Science Labs with Computers, Teacher's Guide

Storage container

Earth Science Bundle Sensors:

Sensor Name

Sensor Part Number

Light Sensor CI-6504A
Temperature Sensor CI-6505A
pH Sensor CI-6507A
Motion Sensor Cl-6742

Pressure Sensor - Absolute CI-6532A

©1999 PASCO scientific
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V. Safety Reminders

PASCO scientific assumes no responsibility or liability for use of the equipment, materials, or
descriptions in this book.

. Take safety precautions to protect yourself duath@ctivities in the lab, and especially
during the lab activities in this manual.

. It is not possible to include every safety precaution or warning! Please use extra care when
setting up and using the equipment.

. Be sure to wear protective gear such as goggles or safety glasses to protect your eyes and
face.

. Be careful around open flames and when using a hot plate.

. Use tongs when handling anything hot. Before touching something that you think might be
hot, place the back of your hand near the object to sensor its temperature.

. If you have a question, please ask for help.

A list of ‘Safety Reminders’ similar to the following is included in each activity in the Student
Workbook.

SAFETY REMINDERS )
. Wear protective gear while handling chemicals. ﬂ @

. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.

For more information about usage, storage, and disposal of chemicals, refer to the Flinn
Scientific Catalog. You can contact Flinn Scientific at:

P.O. Box 219
131 Flinn Street
Batavia, IL 60510

Phone: (708) 879-6962 or (800) 452-1261 toll-free in the U.S.A.
E-mail: flinnsci@aol.com

V. Acknowledgements

The editor thanks all of the people who helped in writing, revising or editing the activities in this
manual.

November 1, 1999.
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Standards Cross-Reference

The Standards Cross-Reference shows how the activitiggin Science Labs with Computers
address standards describedNational Science Education Standgrisitional Academy Press,
copyright 1996.

Description of the  Standards

The Standardsconsist of six groups: Science Teacher, Science Content, Professional
Development, Science Education Programs, Assessment, and Science Education System.

Each group contains several standards. Each standard is supported by a list of actions, underlying
abilities, and concepts. A description of the actions, abilities, and concepts is part of each
standard.

Description of Earth Science Labs with Computers

Earth Science Labs with Computdras seventeen activities presented in two p&tésvardship
— The Water PlangandMission to Other Worldg=ifteen of the seventeen activities are
designed so that students use sensors, an interface, and a computer to record and analyze data.

Each activity addresses one or more standards. For example, every one of the seventeen activities
is an opportunity for students to collaborateagching Standard E: Develop Communities of Science

Learners, Nurture Collaboration Among Students). Specifically, the ten activities Mission to Other
Worldsare designed so that each student plays a role as a member of a science research team
working for a space agencgdence Content Standard E: Science and Technology, Understanding

About Science and Technology).

The Standards and Earth Science Labs with Computers

What parts of thestandards are addressed by the activitiegiarth Science Labs with
Computer® Here is one example.

The Science Content Standards are divided into eight categories: Unifying Concepts and Process,
Science as Inquiry, Physical Science, Life Science, Earth and Space Science, Science and
Technology, Science in Personal and Social Perspectives, and History and Nature of Science.

Each category in thecience Content Standard has its own list of standards supported by
underlying abilities and concepts. Theifying Concepts and Processes standard is presented for
all grade levels and the other standards are clustered for grade levels K—-4,5 -8, and 9 — 12.

One example of a standard that is addressed by every activityusifle Concepts and
Processes Standard.

SCIENCE CONTENT STANDARD: Unifying Concepts and Processes

As a result of activities in grades K-12, all students should develop understanding and
abilities aligned with the following concepts and processes:

. Systems, order, and organization

. Evidence, models, and explanation

. Constancy, change, and measurement
. Evolution and equilibrium

. Form and function

©1999 PASCO scientific ix
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Fifteenof the seventeen activities are designed so that students use sensors, an interface, and a
computer to record and analyze data. These activities address the folkuwitgd:

SCIENCE CONTENT STANDARD A: Science as Inquiry
As a result of (their activities), all students should develop
e Abilities necessary to do scientific inquiry

The following table lists each cluster, an underlying ability for the first part of the standard, and
part of the description of the underlying ability:

Cluster Underlying ability Description
K-4 Employ simple equipment and tools to gather | Children also develop skills in the use of
data and extend the senses. computers and calculators for conducting
investigations.
5-8 Use appropriate tools and techniques to The use of computers for the collection,
gather, analyze, and interpret data. summary, and display of evidence is part of

this standard. Students should be able to
access, gather, store, retrieve, and organize
data, using hardware and software designed
for these purposes.

9-12 Use technology and mathematics to improve | The use of computers for the collection,
investigations and communications. analysis, and display of data is also a part of
this standard.

SCIENCE CONTENT STANDARD A: Science as Inquiry
As a result of (their activities), all students should develop

¢ Abilities necessary to do scientific inquiry
The following table lists each cluster and a description:

Cluster Description

K-4 Scientists develop explanations using observations (evidence) and what they already know
about the world (scientific knowledge). Good explanations are based on evidence from
observations.

5-8 Technology used to gather data enhances accuracy and allows scientists to analyze and

quantify results of investigations.

9-12 Scientists rely on technology to enhance the gathering and manipulation of data. The
accuracy and precision of the data, and therefore the quality of the exploration, depends on
the technology used.

The next table lists standards from Metional Science Education Standasasl the titles of
corresponding activities.

X ©1999 PASCO scientific
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Standards

Earth Science Labs with Computers

Table: Activity Titles and ~ National Science Education Standards

No.

Title

Cluster

Standard and Description

All

All

All

Teaching Standard A: Teachers of science plan an
inquiry-based science program for their students.

All

All

All

Teaching Standard B: Teachers of science guide and
facilitate learning. In doing this, teachers focus and
support inquiries while interacting with students.

All

All

All

Teaching Standard D: Teachers of science make the
available science tools, materials, media, and
technological resources available to students.

All

All

All

Teaching Standard E: Teachers of science develop
communities of science learners that reflect the
intellectual rigor of scientific inquiry and the attitudes
and social values conducive to science learning. In
doing this, teachers nurture collaboration among
students.

All

All

All

Content Standard K-12: Unifying Concepts &
Processes,
- Evidence, Models, and Investigations.

All

All

All

Content Standard A: Science as Inquiry
* Abilities necessary to do scientific inquiry
»  Understanding about scientific inquiry

MO03

Determine a Spacecraft Surface -
Heat Transfer

5-8

Concept Standard B: Physical Science, Transfer of
Energy
»  Energy is transferred in many ways.

M10

Test for Life - Measure a Chemical
Reaction

9-12

Concept Standard B: Physical Science, Chemical

Reactions

*  Chemical reactions in living systems are catalyzed
by protein molecules called enzymes.

S04

Clarity and Turbidity in Water

5-8

Concept Standard C: Life Science, Populations and

Ecosystem

e For ecosystems, the major source of energy is
sunlight.

M10

Test for Life - Measure a Chemical
Reaction

9-12

Concept Standard C: Life Science, The Cell
*  Most cell functions involve chemical reactions.

S06

pH of a Natural Water System

5-8

Content Standard D: Earth and Space Science,

Structure of the Earth System

e Water is a solvent. As it passes through the water
cycle it dissolves minerals and gases and carries
them to the oceans.

S07

Acid Rain: Causes and Detection

5-8

Content Standard D: Earth and Space Science,

Structure of the Earth System

»  Living organisms have played many roles in the
earth system, including affecting the composition
of the atmosphere.

MO05

Acceleration of a Falling Object

Content Standard D: Earth and Space Science, Earth
in the Solar System
»  Gravity alone holds us to the earth’s surface...
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No. Title Cluster Standard and Description

MO07 Temperature at Remote Locations 9-12 Content Standard D: Earth and Space Science, Energy
in the Earth System

»  Global climate is determined by energy transfer
from the sun at and near the earth’s surface. This
energy transfer is influenced by dynamic
processes such as cloud cover and the earth’s
rotation, and static conditions such as the position
of mountain ranges and oceans.

All All K-4, 5-8 Content Standard E: Science and Technology,

Understandings about Science and Technology

e Scientists and engineers often work in teams with
different individuals doing different things that
contribute to the results.

»  Science and technology are reciprocal

MO1 Design and Construct a Model K-4, 5-8 Content Standard E: Science and Technology, Abilities
Rocket of Technological Design

*  Propose a solution.

» Implement a proposed design.

M02 Acceleration of a Model Rocket 5-8, 9-12 | Content Standard E: Science and Technology, Abilities
of Technological Design

» Implement a proposed design.

S07 Acid Rain: Causes and Detection K-4, 5-8, Content Standard F: Science in Personal and Social
9-12 Perspectives, Changes in Environments,

Environmental Quality

e Changes in environments can be natural or
influenced by humans.

*  Human activities also can induce hazards through
resource acquisition, urban growth, land-use
decisions, and waste disposal.

e Humans are changing many...basic processes,
and the changes may be detrimental to humans.

All All K-4, 5-8, Content Standard G: History and Nature of Science,
9-12 Science as a Human Endeavor

e Science and technology have been practiced by
people for a long time.

»  Science will never be finished.

*  Many people derive great pleasure from doing
science.

»  Science requires different abilities, depending on
such factors as the field of study and type of
inquiry.

* Individuals and teams have contributed and will
continue to contribute to the scientific enterprise.

All All 5-8, 9-12 | Content Standard G: History and Nature of Science,

Nature of Science, Nature of Scientific Knowledge

e Scientists formulate and test their explanations of
natures using observation, experiments, and
theoretical and mathematical models.

e Scientific explanations must meet certain criteria.
First and foremost, they must be consistent with
experimental and observational evidence about
nature...
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Equipment List

Boldface type indicates items available from PASCO scientific. /talics type indicates optional items. “PS”
means “per student”.

Earth Science Labs with Computers _ Equipment List, Part 1

¥ B Stewardship:
'uw The Water Planet

No. | Title Equipment & Consumables t

S01 | Streams and Rivers bucket, ~8 liter
container, ~2 liter
funnel

meter stick
protractor
stream table
tubing,

sand 10 kg

WhkRRPRRRPRPRPRK

0Ocm

clay

grass clippings
pebbles
potting soil
sticks

S02 | Measure Stream Flow Flow Rate Sensor 1 Cl-6730
Metric Measuring Tape 1 SE-8712A

waterproof tape 1roll

personal flotation device (PS)

waders or rubber boots (PS) pair

S03 | Temperature of Flowing Water ~ Temperature Sensor

Metric Measuring Tape
marker pen

pole (approximately 2 m)
rubber band

sensor cable (from CI-6504A)

CI-6505A
SE-8712A

PNRRPRRRR R

personal flotation device (PS) 1
waders or rubber boots (PS) 1 pair
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Equipment List

Earth Science Labs with Computers _ Equipment List, Part 1 (continued)

Teacher’'s Guide

No. | Title Equipment & Consumables ty. at. #
S04 | Clarity and Turbidity in Flowing Light Sensor 1 CI-6504A
Water Base & Support Rod 1 ME-9355
beaker, 1000 mL 2
bottle, square, clear, ~125 mL 1
Clamp, Buret 2 SE-9446
Clamp, Multi 1 SE-9442
container 1
graduated cylinder 2
light source, DC (e.qg., pen light) 1
marker pen 1
Rod, Lab Stand 1 ME-8736
Secchi disk symbol 1
personal flotation device (PS) 1
waders or rubber boots (PS) 1 pair
cardboard box, 15 by 15 by 12 cm 1
dirt (optional) 100 g
label 1
tape 1roll
water 2L
S05 | Reducing Turbidity in Water Light Sensor 1 CI-6504A
Balance, Triple Beam 1 SE-8723
Base & Support Rod 1 ME-9355
bottle, square, clear, ~500 mL 3
Clamp, Buret 2 SE-9446
Clamp, Multi 1 SE-9442
container, ~3 liter 1
graduated cylinder, 100 mL 1
light source, DC (e.qg., pen light) 1
knife 1
marker pen 1
Rod, Lab Stand 1 ME-8736
personal flotation device (PS) 1
waders or rubber boots (PS) 1 pair
aluminum sulfate (Al,(SO,),) 59
calcium oxide (Ca0), 25¢g
iron (II) chloride (FeCl,) 25¢
cardboard box, 15 by 15 by 12 cm 1
label 3
muddy water 3L
weighing paper 3

Xiv
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Equipment List Earth Science Labs with Computers

Earth Science Labs with Computers _ Equipment List, Part 1 (continued)

No. | Title Equipment & Consumables ty. at. #
S06 | pH of Rivers and Streams DH Sensor 1 CI-6507A
beaker, 250 mL 3
bottle, ~500 mL 5
marker pen lea
wash bottle 1L
water sampling pole with container 1
personal flotation device (PS) 1
waders or rubber boots (PS) 1 pair
protective gear (PS) 1 set
buffer solution: high pH 100 mL
buffer solution: low pH 100 mL
distilled water 1L
S07 | Acid Rain: Detection and pH Sensor 1 CI-6507A
Causes Base & Support Rod 1 ME-9355
beaker, 250 mL 3
beaker, 100 mL 4
Beral-type pipette, 15 cm stem 3
Beral-type pipette, 2 cm stem 3
Beral-type pipette with 1 molar HCI | 1
Clamp, Buret 1 SE-9446
test tube, 20 by 150 mm 1
wash bottle 1
protective gear (PS) 1 set
buffer solution: high pH 100 mL
buffer solution: low pH 100 mL
distilled water 1L
sodium hydrogen carbonate 59
(NaHCO,), solid
sodium hydrogen sulfite (NaHSO;), | 549
solid
sodium nitrite (NaNO,), solid 59
tap water 12 mL
©1999 PASCO scientific XV
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Equipment List

Teacher’'s Guide

Earth Science Labs with Computers _ Equipment List, Part 2

Mission to
Other Worlds

No. [ Title Equipment & Consumables ty. Cat. #
MO1 | Design and Construct a Rocket cardboard sheets, 21 by 28 cm lor2
cardboard tube, approx. 60 cm 1
glue 1 tube
newspaper, sheet several
plastic sheet, thin, ~30 by 30 cm 1
plastic soda bottle, ~2 liter 1
string 4m
tape 1roll
pencil or pen 1
ruler or straight-edge 1
scissors 1 pair
hot glue gun
paint
paint brush or sprayer
MO2 | Acceleration of a Model Rocket  Rer Class
Motion Sensor 1 Cl-6742
air pump (e.g., bicycle tire pump) 1
Base & Support Rod 1 ME-9355
dowel or stick 3
model rocket launcher 1
tire pressure gauge 1
Per Team
container, 2 liter 1
model rocket 1
Per Student
safety goggles 1 pair
cardboard sheet 1
tape 1roll
water 3L
MO3 | Determine a Space Craft Temperature Sensor 2 CI-6505A
Surface: Aluminum Can, Black 1 TD-8570A
Heat Transfer Aluminum Can, Shiny 1 TD-8570A
graduated cylinder 1
heat lamp 1
ruler or metric tape 1
thermal insulation pad 2
protective gear (PS) 1 set
water 1L
MO04 | Map a Planetary Surface Motion Sensor 1 Cl-6742
object (e.qg., chair, table, book) 4-5
tape measure (optional) 1

XVi
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Earth Science Labs with Computers _ Equipment List, Part 2 (continued)

—

No. | Title Equipment & Consumables Cat. #

MO5 | Acceleration of a Falling Object Motion Sensor Cl-6742
(before, during, and after it ball (hard rubber)
bounces on a surface) Base & Support Rod
meter stick

level (optional)

ME-9355

MO06 | Design Landing Bags: Pressure Sensor - Absolute CI-6532A
Determine the Relationship syringe (included with sensor)
between Pressure and Volume | ------------—--

glycerin

plastic tubing (inc. with sensor) 2.5cm
quick-release connector (inc.)

P RIRPRPRRPRRRK

=
3
=

=

MQ7 | Temperature at Different Temperature Sensor CI-6505A

Locations remote control model vehicle (opt.)

MO8 | Relative Humidity Temperature Sensor CI-6505A

container, 100 mL

cardboard fan, about 15 by 15 cm
cheesecloth, about 5 by 5 cm
rubber band

water, room temperature

R NR e

00 mL

MQ9 [ pH of Samples from Other pH Sensor CI-6507A
Worlds beaker, 250 mL
container, about 200 mL

wash bottle

PAWR[ERENR R

buffer solution: high pH 100 mL
buffer solution: low pH 100 mL
distilled water 1L
samples (e.g., bleach, detergent, 4

milk of magnesia, egg white, milk,
soda pop, vinegar, lemon juice )
tissues or paper towels 6
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Earth Science Labs with Computers

Equipment List

Earth Science Labs with Computers _ Equipment List, Part 2 (continued)

Teacher’'s Guide

No. Title Equipment & Consumables ty. at. #
M10 | Test for Life: Measure a Pressure Sensor - Absolute 1 Cl-6532
Chemical Reaction bottle or flask, 250 mL 1

connector for rubber stopper 1 640-030
graduated cylinder 1
plastic tubing* 20 cm 640-021*
guck-release connector* 1 640-032*
rubber stopper, 1-hole, to fit bottle 1 (*inc. with
------------------- sensor)
protective gear (PS) 1 set
glycerin 1mL
hydrogen peroxide (3% solution) 50 mL
water 150 mL
For making soil samples
Balance, Triple Beam 1 SE-8723
spoon 1
weighing paper 1
Per Group
container 2
sand, dry 95¢g
yeast, dry active 05¢g

XViii
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Teacher’'s Guide

Preparation Summary

Earth Science Labs with Computers

Preparation Information Summary

The following is a summary of information about each activity.

Teacher’s Guide Preparation Summary — Part 1

Type: Type of activity, C = Collect, F = Field, L = Lab

Pre-lab: Does the activity require preparation before the day of the activity?

Cal.: Calibration of sensor(s)

Prep. Time: Estimate of preparation time on the day of the activity

Act. Time: Estimate of activity time

Other: Miscellaneous reminders

No. | Title Type Pre-lab Cal. | Prep. | Act. | Other
Time | Time
S01 | Streams and Rivers L organize no 30 45
clean-up min min
S02 | Measure Stream Flow F safety, no 30 30
transporation, min min
review data
logging
S03 | Temperature of Flowing Water F safety, no 30 30
transportation, min min
review data
logging
S04 | Clarity and Turbidity in Water C,L safety, yes 30 30
transportation min min
S05 | Reducing Turbidity in Water C L safety, yes 30 45 note
transporaton min min 1
S06 | pH of a Natural Water System C L safety, yes 30 30
transporation min min
S07 | Acid Rain: Detection and Causes L, C safety yes | 2hrs 30
min
Notes
1. The water samples must be left undisturbed overnight.
©1999 PASCO scientific XiX




Earth Science Labs with Computers Preparation Summary

Teacher’s Guide Preparation Summary — Part 2

» Type: Type of activity, C = Collect, F = Field, L = Lab

Teacher’'s Guide

» Pre-lab: Does the activity require preparation before the day of the activity?

» Cal.: Calibration of sensor(s)

* Prep. Time: Estimate of preparation time on the day of the activity

e Act. Time: Estimate of activity time
e Other: Miscellaneous reminders

No. | Title Type Pre-lab Cal. | Prep. | Act. | Other
Time | Time
MO1 | Design and Construct a Model Rocket L gather no 2 hrs 3 note
materials days 2
MO2 | Acceleration of a Model Rocket F safety, role no 15 45
playing, min min
review data
logging
MO3 | Determine a Space Craft Surface L safety no 15 30 note
min min 3
MO04 | Map a Planetary Surface L safety, Motion no 15 30
Sensor tutorial min min
MO5 | Acceleration of a Falling Object L review yes 15 30
calibration min min
MO06 | Design Landing Bags L Keyboard no 15 15
Sampling min min
MOQ7 | Temperature at Different Locations F review data no 15 30
logging min min
MO8 | Relative Humidity F room temp. no 15 30
water min min
MQ9 | pH of Samples from Other Worlds C collect yes 15 30
samples min min
M10 | Test for Life: Measure a Chemical L prepare “soil” no 1hr 30
Reaction samples min
Notes
2. Students can begin collecting materials weeks in advance.
3. Room temperature water is needed.
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Teacher’'s Guide

DataStudio Quick Reference

Earth Science Labs with Computers

Quick Reference Guide for

DataStudio

Create an Experiment

Jui]

Welcome To

N
’

How would you like to use DataStudio ™ ?

53

NI

ol

Open Activity Create Experiment

Ay=mr+s
T,

Graph Equation

Enter Data

(1) Double-click a sensor.

X (2) Double-click a display.

] =
Double-click a sensor to choose what you
@ want to measure .
Double-click a display icon to see data.
¥

What You Want To Do

How You Do It

Button

Start recording data

Click the ‘Start’ button or select ‘Start Data’ on
the Experiment menu (or on the keyboard
press CTRL - R (Windows) or Command - R

(Mac))

B  Start

Stop recording (or monitoring) data

Click the ‘Stop’ button or select ‘Stop Data’ on
the Experiment menu (or on the keyboard
press CTRL - . (period ) (Win) or Command - .

W Stop

(Mac))
Start monitoring data Select ‘Monitor Data’on the Experiment menu none
(or on the keyboard press CTRL - M (Win) or
Command - M (Mac))
On the Graph Display In the Graph Toolbar Button

Re-scale the data so it fills the Graph
display window

Click the ‘Scale to Fit’ button.

Pinpoint the x- and y-coordinate
values on the Graph display

Click the ‘Smart Tool’ button. The coordinates
appear next to the ‘Smart Tool'.

‘Zoom In’ or ‘Zoom Out’

Click the ‘Zoom In’ or ‘Zoom Out’ buttons.

Magnify a selected portion of the
plotted data

Click the ‘Zoom Select’ button and drag across
the data section be to magnified.

Create a Calculation

Click the ‘Calculate’ button

Add a text note to the Graph

Click the ‘Note’ button.

Select from the Statistics menu

Click the Statistics menu button

Add or remove a data run

Click the ‘Add/Remove Data’ menu button

Delete something

Click the ‘Delete’ button

Select Graph settings

Click the ‘Settings’ menu button

©1999 PASCO scientific




Earth Science Labs with Computers DataStudio Quick Reference Teacher’'s Guide

Experiment Setup Window

To ‘Calculator’ To ‘Curve Fit’
window window

" @ File Edit Experiment Window Display Help

| FSUYTIFHEF}"H = Segtup | | B Start |_ | 5 | Ealculate ‘ | y"‘ Curwve Fit |

& Data [0 =——— Pperiment Setup=—"c—"————0 H
¥ T Voltage, Ché (v) IJ‘}” Sensors || e Dptinns\l_l_@lmers... |5|:5| 2
& Run #1
un J Science Workshop 750 I
&7 Sensors hd DANANEANASOSREEESS
= — e == _
= Dlsplays i @RTD Temperature ST / ScienceWorkshap® 750
= 34 Digits | 2 3 4
i FONONOEE
Digits 1 @TI:?Temperature = -'C r‘gbm S
v 1 Graph sy Time Of Flight s
Graph 1
+ .
il Histogram 1 oltage sensor L[| | Sensor icon —
'EF‘EIM ' - \ = ‘Yoltage Sensar
[
o Geope <oy Signal Output \\ Sensors list To ‘Sampling —
B Table Options’ window
= lworkbook %Dutput —
%
Graph Display
Graph
Toolbar D% Graphl=————— @O
40
L |
TE0—
2] / Legend
-EZD—
E | Fy Temperature, Ché Run #1 |
=
Rl
| | | | | | | | |
-5 s0 100 150 200 250 300 IS0 400
T.
irmels]) |7//
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Teacher’s Guide Using DataStudio Earth Science Labs with Computers

Instructions — Using the Interface and  DataStudio |

There are several features that mBle@aStudioa unique and powerful teaching tool for science
and math. Section #1 covers the mechanics of the interface. Section #2 covers setting up an
experiment with the software. Section #3 covers data analysis in more detail.

Hint: Working at a computer witbataStudioup and running while reading these instructions
will bring a “hands-on” experience to the user and enhance the learning process.

Section # 1: ScienceWorkshop 500 Interface
Data Logging with the  ScienceWorkshop 500 Interface Box

If you want to disconnect the interface box and use it for data logging, be sure to install four AA
batteries in the bottom of the interface.

After you have set up an experiment Data Logging
in DataStudio click the ‘Logging’ Instructions
button in the Experiment Setup
window in the software. Follow the
instructions about saving your
experiment. Disconnect the interface
from the computer and the power
supply. (Make sure that the switch on
the back of the interface is in the ON, 45 gton
position.)

After you have disconnected for N
logging, use th& OG button when Digital Channels
you want to record data. Press the

Log button once to begin data Analog Channels

collection, and press it a second time A B, G

to end that data run. Repeat this

sequence to collect more sets of data points that will be called RUN #2, RUN #3, etc

Caution: In the remote data logging mode, the ON switch at the back of the box must remain on
at all times. Loss of power will result in loss of data.

After you have collected data, reconnect the interface to the computer and the power supply.

Click the ‘Connect’ button in the Experiment Setup window in the software. Your data will
download automatically.

—h

Thegreen LED (light-emitting diode) on the front of the interface box indicates the mode ¢
the interface box. A green light indicates that the power is ON. When you disconnect the

interface for remote data logging the light will flash slowly when in the sleep mode and rapidly
when you are collecting data. (Refer to the label on the top of the interface for details).

The Analog Channelsallow up to three analog sensors to be plugged inté@@enterface. Yol
can plug in an analog sensor’s DIN plug in only one way. The Temperature Sensor is an
example of an analog sensor.

The Digital Channelsallow one or two digital sensors to be plugged intoS®@interface. The
Photogate and Motion Sensor are examples of digital sensors. For example, you can conpect two
Photogates or one Motion Sensor 808 interface.
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Earth Science Labs with Computers Using DataStudio Teacher’'s Guide

Section #2: Setting Up Your Own Experiment in DataStudio
The Summary List and the Setup Window
StartDataStudio In the ‘Welcome to DataStudio™’ window, click ‘Create Experiment’.

@ How would you like to use DataStudio ™ ?
&

M,

Nard
Mz i
k

Open Activity Create Experiment

ymmitod

Enter Data Graph Equation

The first step to becoming proficient wilataStudiois to understand the Summary List and the
Experiment Setup window. The Summary List shows runs of data (under ‘Data’) and the
available displays (under ‘Displays’). The Experiment Setup window shows the list of sensors
(under ‘Sensors’) and the interface that is connected.

" @ File Edit Experiment Window Display Help

|Faummar}f‘ @@ Setup | Start |_ B Calculate || Curve Fit
& Data ¥ |0 =———"——=xperiment Setp=———~——H1B
Ief Sensors H b/. Options... || @ Timers... H Logaing |Modem Part

j Science Workshop 500 I

@’Sensnm - \
TET =
ound Sensor (]
6] Sound Sensor (|
e Displays
igi @ Temperature Sg
34 Digits
LFFT ERTDTemperature k=t
kﬁﬁraph
mHistngram ETEETemperatureSs
7 Meter .
i Soope . Time 07 Flight 4
B Tatle . |
Eworkbook /JZVnItageS:nsnr ? |
12

Select a sensor. The sensors are listed by name. Scroll through the list to find the ‘Voltage
Sensor’, and then double-click the sensor to select it.

]

Double-click a sensor to choose what you
(@ want 1o measure,
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Teacher’s Guide Using DataStudio Earth Science Labs with Computers

The Voltage Sensor icon appears below Channel A of the interface, and ‘Voltage, ChA (v)’
appears in the Data list.

I é File Edit Experiment Window Display Help

| [T Summary| | == Setup ‘b Start ‘_ & Caloulste | | . curve Fit

& Data - Experiment Setup
¥ Voltage, Ché (v} [# sensors |[Pa options. |[5 Timers  |[® Logging.. | Modem Port

J Science Workshop 500 I

47 Sensors - .
BN 2|
@ Sound Sensor (77|
| EHO
% Displays
— E Termperature S
314 Digits
frer ERTD Temperature S
kﬁGrauh
T
ﬁhHlstoqram E ?Temperature S
P Meter - Valtage Sensor
S Soope g Time OF Flight |
B Table . L
B workbook /f{ Yoltage Sensar f il

Now, select a display. Double-click ‘Graph’ in the Displays list.

=]
Double-click a display icon to see data.

2

Graph 1 opens, and ‘Graph 1" appears in the Displays list. Also, ‘Voltage, ChA NO DATA’

9 a File Edit Experiment Window Display Help

[z summary| [= setup ‘b Start ‘_ B Calculste | [ 4 curve Fit
-

& Data ﬂ Experiment Setup |
* Valtage, Chi (v) @D =—————— raphI——HH
2 2 P P - e )
(g4 10
= .
.
314 Digits e
frrer 2]
- LiGraph T T T T T T T T T T T T
Sraph | -2l i 1 2 = 4 50 € 7 [ s o
jﬂfh{Histugram E e
(% Meter O
45 Seope &3
B Table -8
[Elwarkbaok — ~104
[Elworkbao 10 @
H ’
appears in the Graph'’s legend.

Finally, click the ‘Start’ button) to begin recording data.

When you are finished, click ‘Stop’.

Click the "Start” button to start collecting

b data.
@ ata
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Earth Science Labs with Computers Using DataStudio Teacher’'s Guide

TheMenuBarﬁ File Edit Experiment Window Display Help

Themenu bar at the top of the Experiment Setup window is very similar to menus bars found in
Macintosh® and Windows® programs.

* Use theFile menu to make a new activity, open an activity, save an activity, save an activity
with a specific filename or in a specific location, import data, export data, select options (for
savingto or openingrom a particular directory), setup the page for printing, print, or quit.

» Use theEdit menu to undo, cut, copy, paste, delete, or select all.

» Use theExperiment menu to control the data collection, delete the last data run, disconnect
for data logging or re-connect after data logging, set sampling options, open a new empty
data table, or add a display.

« Use thewindow menu to close, minimize, or maximize a window, to tile or cascade
windows, or to select a window so it ‘pops-to-the-top’.

» Use theDisplay menu to export data or a picture of a display or to activate any of the buttons
in a display’s toolbar.

» Use theHelp menu to open the online help files, see the most recent help message, turn on or
turn off the tips and confirmation windows, or change the license key.

Features of the Experiment Setup Window

In addition to the Sensors list, the Experiment Setup window has a button to open the ‘Sampling

Options’ window ), a button to open the ‘Timers’ Window) (for use

with Photogates), and a ‘Logging’ buttc) for use when you disconnect the
interface for data logging.

Note: After you click the ‘Logging’ button, a ‘Connect’ butt() appears. If you
disconnect for data logging and then re-connect after collecting data, click the ‘Connect’ button
after you re-connect the interface to the computer and power supply.

Use the ‘Sampling Options’ window to set a ‘Delayed Start’, an ‘Automatic Stop’ or to set the
‘Manual Sampling Control'.

Sampling Options="——————H

Delayed Start
& None

) Time I:Iseconds

) Data Measurement

Voltage, ChaA {(v) B

[ Is Above ¢] | |

[] Keep data prior to start condition. I:Iseconds

tic Stop
# None

) Time I:Isecondes

() Data Measurement

Voltage, ChA {v) ]

[ 15 Above > I

—Manual Sampling Control
[] Keep samples on button or menu item command.

[] Keep manually entered data values when samples are kept.
[ - ] [ Properties... ][ New Data... ]

[ Cancel ]H 0K ]l
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Teacher’s Guide Using DataStudio Earth Science Labs with Computers

Section #3: Data Analysis
DataStudiooffers several ways to analyze data:

» Use the built-in analysis tools in the Graph display toolbar

» Use the ‘Calculator’ to create calculations based on your measured data or on a range of
numbers that you select.

* Use the ‘Curve Fit’ to compare your data to mathematical models.

In the Graph display toolbar, the built-in analysis tools include the ‘Smart Tool’ butt 55?,

e . i
the ‘Slope Tool’ button), the ‘Fit’ menu button), the ‘Calculate’ button

=

e . -
(), and the ‘Statistics’ menu butto)_
O ="—0——F————6raph =—"iiaoa0F""—=————="0 B8
B[S Ela ]l o ~s[AS v][e e X
10
5 [+ woltage, chanopats |
Z 57
4
-
T T T T T T T T T T T T
2z A 1 e T s e R 7 e Hr s HH o
-2 Timels)

-4 —

-

-5

=10

» Use the ‘Smart Tool’ to see the coordinates of any point.

. ) # Fit v@mlﬁ
+ Use the ‘Slope Tool' to see the slope of a line tangent to a point on| Froportional
curve. Quadratic
Polynomial

Power
Inverse
Inverse Sguare

» Use the ‘Calculate’ button to create a calculation on the data in yoy  InverseNth Power
+ Matural Exponent

Graph. Natural Logarithm
Base-10Exponent

e Use the ‘Fit’ menu button to select a mathematical model.

» Use the ‘Statistics’ menu button to select basic statistics such as SR

Inverse Exponent

‘Minimum’ or ‘Maximum’ or to find the area under a curve. sine

Sine Series

+ Minimum User Defined
+ Maximum
+ hean
+ Standard Deviation
+ Count

Show All

Hide All

| _Area

No Curve Fits
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. . : Calculate |
Click the ‘Calculate’ button in the main toolbz| E ) to open theCalculator’
window:
O0=————Calnllator=——"r————=Ho
?)aelgrrittiio:r::s CERIEE: | gk HNew || )(Remove||| v Accept "
[rr-x -]

[Gcientific_w |[Statistical w |[ Special _w | [DEG [RAD| [Praperties

Yariables

EI % = Woltage, Ché

Experiment Constants

Use the ‘Definition:” area to create your own calculation, or use the ‘Scientific’, ‘Statistical’, or
‘Special’ menus to select a specific calculation to apply to your data. After you have created the
calculation, click ‘Accept’. Your calculation will appear in the Data list. You can drag your
calculation to a Graph display, for example

: . . . C Fit .
Click the ‘Curve Fit’ button in the main toolbe ’7{“ A |) to open theCurve Fit’

window. Click the ‘New’ button.

O=————unefi——————-—-—8
Fit 2 ‘v| ‘ = Hew ” XRemnve”l v Accept ”
Proportional
Linear Q
Quadratic mith
Pok ial
pl;x:?mm ut measurement.

Inverse
Inverse Square 1.0000
Inverse Nth Power
Natural Expohent

Natural Logarithm
— Base-10B
Base-10 Logarithm
Inverse Exponent

0.0000

Sine T 4 5 & 7T 8 3 10
Sine Series Timels)

User Defined !

Select a mathematical model, or select ‘User Defined’ to create your own.

O=——————(unvefite——————"——§&g
[Fit 2 [] [ _tew ][3% Remove| [ v accept
e L Tems
A+Bx+Cx" + D2 + .. 4
Please choose an input measurement.

¥ariables

A 0.0000 |:62’¢§"E|
B 1.0000
c 1.0000
D 1.0000
Hao data for curve fit

You can enter values for the coefficients or ‘lock’ a coefficient. After you have created the
mathematical model, click ‘Accept’. Your curve fit will appear in the Data list. You can drag
your curve fit to a Graph display, for example.

Online Help

Click ‘Contents’ or ‘Search...’ in the Help menu to open the online help file. You can use the
online help file to learn about any button, icon, menu, control, function or feature of the prpgram.

A-8 ©1999 PASCO scientific



Teacher’'s Guide

ScienceWorkshop Quick Reference

Earth Science with Computers

Quick Reference Guide for

ScienceWorkshop

In the Experiment Setup Window:

What You Want To Do To How You Do It What the
Button Looks
Like
Begin recording data Click the Record (REC) button EEaEErE
or select Record on the Experiment menu !J
(or on the keyboard press CTRL - R (Windows) REC
or Command - R (Mac)) |
Stop recording (or monitoring) data Click the Stop (STOP) button
or select Stop on the Experiment menu
(or on the keyboard press CTRL - . (period ) STOP
(Win) or Command - . (Mac)) —
Begin monitoring data Click the Monitor (MON) button
or select Monitor on the Experiment menu b
(or on the keyboard press CTRL - M (Win) or MM
Command - M (Mac)) —_—
On the Graph Display:
Re-scale the data so it fills the Graph | Click the Graph display and click the Autoscale —_—
display window button I I
Pinpoint the x- and y-coordinate Click the Smart Cursor button and move the wea s
values on the Graph display cross hairs onto the graph (the exact values for
the coordinates will appear next to each axis '“+'
label) =
Magnify a selected portion of the Click the Magnify button, and drag across panens .

plotted data

the data section be to magnified

Activate the Statistics Menu

Click the Statistics button

Open the Statistics Menu

Click the Statistics Menu button

See a list of all your Data Runs

Click the Data button

Select Data Runs for display

Click the Run # in the Data menu (Shift-click to
select more than one run)

Add another plot to your Graph
display

Click the Add-A-Plot button and select the
desired input from the pop-up menu

Import match data and plot it on the
Graph display

Copy the match data to the clipboard, click the
Plot Data Options button, and click Paste, OK,

OK

©1999 PASCO scientific
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Earth Science Labs with Computers

ScienceWorkshop Reference

Experiment Setup Window

Digital Channe |icons

Teacher’'s Guide

Monitor button Stop button Minimize
/] button (click
B / untitjed E to show only
Record button e _ Svience m,,ﬁ, i - the left panel
. . Hop of the Setup
REL STOR 500 merre window)
Pause button —e—
Data Runs will be
listed here. Mt
Click and drag this digital plug Click and drag th]s EUE
to 3 channe'l for.rnotion, ta a channel for waltage, hea iy, Ana|og
CIle to adjust \- rad'léahon, rotation, ete... light, force, sound, ftc _C:hannel
sampling rate. . icons
BEE § 2 o @B m3E Lo
Experiment // Digits Meter Scope FFT Table Graph
Click and drag a display icon to a
NOteS bUtton \ channel ar segsor topdi:phg data. / \
7 | < e \
Experiment Digital Display icons Analog
Calculator plug icon plug icon
button
Graph Display
Y-axis
(Click to change Statistics Menu
range of y-axis.) button
Plot Input menu /'
button \ Temperature vs Time ; !E X
(& a = Mo statistics selected.
Plot Data Options - &
(e.g., import match -
data) x =~
-3
DATA menu button =S 7
(Select Data Runs for £ E o]
the display.) =
Magnify button &
]
Statistics button \ \ =
R 1 2z 3 4 8 & 7T 8 @ A0
Smart Cursor button E ©) ™ | ) NEg
Display Options Add-A-Plot  Autoscale X-axis Input  X-axis Statistics Area
button menu button button button (Click to change

range of x-axis.)
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Instructions — Using  ScienceWorkshop® |

There are several features that m8keenceWorkshag unique and powerful teaching tool for
science and math. Section #1 covers the mechanics of the software and hardware. Section #2
covers the data analysis tools in more detail.

Hint: Working at a computer witBcienceWorkshopp and running while reading these
instructions will bring a “hands-on” experience to the user and enhance the learning process.
You should keep th@uick Reference Guide for ScienceWorkséngilable as a reference.

Section # 1: Experiment Setup
The ScienceWorkshop 500 Interface Box

Data Logging
Instructions

Digital Channels
land2

Analog Channels
A, B,and C

Thegreen LED (light-emitting diode) on the front of the interface box indicates the mode df
the interface box. A green light indicates that the power is ON. When you disconnect the
interface for remote data logging the light will flash slowly when in the sleep mode and rapidly
when you are collecting data. (Refer to the label on the top of the interface for details).

The Analog Channelsallow up to three analog sensors to be plugged inté@benterface. Yol
can plug in an analog sensor’s DIN plug in only one way. The Temperature Sensor is an
example of an analog sensor.

The Digital Channelsallow one or two digital sensors to be plugged intoS®@interface. The
Photogate and Motion Sensor are examples of digital sensors. For example, you can conpect two
Photogates or one Motion Sensor 808 interface.
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The Experiment Setup Window

untitled

The first step to becoming proficient with
ScienceWorkshap to understand the
various icon and buttons in tlxperiment
Setupwindow. The window is
automatically displayed whenever a new

—Frirnce Workshop ———

" 800 mertzce

1

ScienceWorkshojile is opened. If you get (7| o channe) o ot 1o el fr vl bt
-a “Can’t fl.nd Interface boxn message, the — radrtion,rotation,etc... 1ight,force,sound,itc...
interface is either missing or not properly - ﬁ 123 E W @
connected. Be sure that the power to the ‘ bigits  Metr  Seope  FFT Table  Braph

interface box is ON and that the connector e e
Cab | eS are SeCU re . channel or sensor to display data.

-t

The Menu Bar ® File  Edit  Experiment Display

The menu bar at the top of the Experiment Setup window is very similar to menus bars found in
Macintosh® and Windows® programs.

» Use the File menu to open, close, save, print, and import data.
» Use the Edit menu to copy, cut, clear, and paste data or runs of data.
» Use the Experiment menu to control the data collection.

You can also use the Experiment men®é&xord, Monitor , Pause,or Stop data collection

(as if you had used the buttons in the Experiment Setup window). You can use this menu to
access the sampling options, disconnect/connect (for remote data logging), display the
Experiment Setup window, or go to the Experiment Notes and Calculator windows.

e Use the Display menu to select any of the six display windows (either to set up a new display or
toggle to a display already in use).

Features of the Experiment Setup Window

)
TheRecord buttonis in the top left corner of the Experiment Setup window. Press this
button to collect data and store the data in memory. The flashing bar below the button shows
whenScienceWorkshap collecting data.

B
The Monitor Data button is next to theRecord button. Press this button to collect and
display data in &iewmode only. None of the data are saved in memory. For example, usg this
feature when you want to check to see if a sensor is working properly, and also when vigwing
data in the Scope display.

O
10| Press thé&top button to stop data collection in both the record and monitor modes.

Press th&ause buttonto temporarily interrupt data collection. Press it again when yqu
want to continue collecting data.
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|_Sameting Bptiens... | press th&ampling Option button to open a window where you can selegt

the Periodic Samples rate, the Start and Stop Conditions, and Keyboard Sampling. The gefault

Periodic Samples rate is 10 samples per second (10 Hz) for an analog sensor and 10,000

samples per second for a digital sensor. You can vary the Periodic Samples rate from 2(
(Fast) to 3600 seconds (Slow).

Suggested Periodic Sampling rates for common measurements:

Temperature Sensor 2 — 10 Hz
Light Sensor 10 Hz
Voltage Sensor 10 Hz

Press th&xperiment Calculator button to open the Experiment Calculator window that

,000 Hz

allows you to do mathematical operations on collected data. You can also use it as a stand-alone

calculator.

E Drag thedigital plug icon to Digital Channel 1 or 2 to add a digital sensor to the

Experiment Setup window, and then select the correct digital sensor from the list of sendors that

opens. ClickOK to return to the Experiment Setup window.

g Drag theanalog plug iconto Analog Channel A, B, or C to add an analog sensor to the

Experiment Setup window. Then select the correct analog sensor from the list of sensors than

opens. ClickOK to return to the Experiment Setup window.

Setting Up Your Own Experiment in  ScienceWorkshop

- Untitled . SWS

1. Drag an
analog plug icon

or a digital plug

icon to the icon that
corresponds to the
channel on the 500
Interface box that
you plugged the

sensor into. : : radiatior, rotation, etc...
B ﬁl:e.a B2 o
Digits  Meter Scope FFT Tahle  Graph

Click and drag a display iconto a
channel or sensor to display data.

—Foience Workeshop —— A

&00 medace
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Pk
Choose an analog sensor.
+ -
“17 Voltage Sensor —
2. Choose the sensor ryE B
from the sensor list that £z, Power Amplifier i
pops up. Click OK to return E_ Force Sensor
to the Experiment Setup .
window. (1} Acceleration Sensor
"9 sound Sensor -
Cancel | 0K |
- Untiled. 3WS
~Friencs Workehop ————— AN
REC | | mon | | sTop S00 merace
1 i
3. Drag a T
display icon to
the Sensor
icon.
Click and drag this digital

You are plug to a channel far motion, Q
ready to e rad‘:atlnn, rotation, etc...

collect
d |23 ]

data! |
Digit=  Meter Scope FFT Table  Graph

Click and drag a display icon to a
channel ar sensarto display data.

Note: ScienceWorksholpas many advanced features. Refer t@itienceWorkshogser’s
Guide that came with the interface for more information.

Section #2: Data Analysis

Analysis: The Smart Cursor

The Smart Cursor allows you to investigate individual points on a graph.

Procedure Click theSmart Cursor in any display that has the Smart Cursor icon (for example,
the Graph display). The cursor changes to a cross hair and the y and x values for that individual
position will be displayed on the y-axis and x-axis. If you desire to have the change in y of x
coordinates displayed, click-and-drag the Smart Cursor over the desired area. The differgnce (y2
-yl and x2 - x1) will be displayed on the y-axis and x-axis. (This ability to display the chapge in
x and the change in y in a selected area is called the delta feature.)

A-14 ©1999 PASCO scientific
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The Statistics Tool ’z

The Table and Graph displays have built-in statistics. Click tdsgcs button to open the
statistics area at the bottom of a Table or on the right side of a Graph.

in
Statistics menu for a Table display MM‘*X
ean
Std. Dew
In the Graph display, click the Statistics Menu button to see the _
statistics options.
Count
Minimum
Marimum
Mean

Standard Deviation
.. . All Of The Ab
Statistics menu for a Graph display e nbove
Curve Fit b
Integration
Derivative
Histogram »

«No Stats

Linear Fit
Logarithmic Fit
_ Exponential Fit
Curve Fit submenu Power Fit
Polynomial Fit
Sine Series Fit

Linear Fit will generate a basic slope equation with the slope of the best-fit line being the a2 value in the
display.

The Experiment Calculator

Use theExperiment Calculator feature ofScienceWorkshdp create a new calculation that is

based on the input data. For example, if data is displayed in degrees Celsius, you can use the
calculator to create a calculation to display the temperature data in degrees Fahrenheit or degrees
Kelvin.

To set up a calculation, click tigalculator button == in the Experiment Setup window. You
can also open the Experiment Calculator by selectigilator Window from theExperiment
menu.

© 1999 PASCO scientific A-15
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Experiment Calculator

Experiment Calculator window

| Mewr || Cup || De'letel
Calculation Name

=
Short Hame Units

Example: fo);?nula here \ e o ==
Converting the temperature 9/5+@e Temp+32
data from degrees Celsius to (Select the variable to
degrees Fahrenheit for e varl ——_|Press enter, return or equal.
lotting on the Graph be modified from the i
glsplay |nput Menu) )((x)vl T D,I Iﬁl Heu I Dup I Deletel
s EEEI Calculation Hame
2. Fillin these EIEIEI Fonerae =
dialog boxes aflsfls]+ ]t
H& Hame Units
3. Click = or press ] Bmp F
ENTER
Changing the plotting 4. On the Graph display, click the Plot Input
parameters of the Menu button, and select \ e
Graph display Calculations, Temperature, (Temp °F)
(Temperature will be plotted in °F)

Note: The values for this calculation can also be displayed in any Table, Digits, or Meter display.
To do this, selecatalculations, Temperature, (Temp °F)  from thelnput menu of the display.
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Light Sensor

The Light Sensor measures relative light
intensity. The sensing element is a photodiode
that produces a voltage proportional to the
light intensity across a wide spectrum ranging
from 320 nanometers to 1100 nanometers
(nm).

The sensor includes a cable for connecting to
the interface. The sensor has one built-in
control.

Gain Select Switch Use the gain select
switch to set the maximum input light levels o</ &
of the sensor. The three settings are as follows.

Gain Select setting

Maximum Input (lux)

1 500
10 50
100 5

Set up the sensor with the interface

Plug one end of the DIN-to-DIN cable into the sensor and then connect the other end of the

cable intoAnalog Channel Aon the interface.
Note: You can connect the sensor directly into the interface if needed.

Set up the sensor in the software

In DataStudiq double-click the name of
the sensor in the Sensors list in the
Experiment Setup windoviResult The
sensor icon appears below Channel A o
the interface. The sensor’s parameters
appear in the Data list.

In ScienceWorkshoglick-and-drag the

‘analog sensor plug’ icon to the Channe
A icon in the Experiment Setup window,
select the name of the sensor from the |
of sensors and click ‘OK’ to return to the

O

Experiment Setup 2=

[ sensors H'/- Options... H@ Timers... ||

Logging... | Modem Port

Science Workshop 500

é}’ Sensors

By Sensor Name %

—
? Acceleration Sensar

“HE Barometer

[

::ﬂ:::: Calorimeter

=g |

([H]—\ Conductivity Sensor

I Current Sensor

%%
¢OZ< Dissolved Oxygen Sensar

-

%

Find the name
of the sensor.

Experiment Setup windoviResult The
sensor’s icon appears below Channel A
the interface.

0:J

untitled

Data

-
Sampling Dptions..

—Sricure Worieshop

—D]———
L] B ]
REC Mo | | STOP

Click and drag this digital plug
+o & channel for motion,
radiation, rotation, etc...

&S00 merace

@ I

Meter Scope

FFT Table

123
Digits

Click and drag  display ioon to a
hannel or sensor to display data
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Set up a display

. In DataStudiq double-click the ‘Graph’ icon in the Displays liBesult: The display
automatically shows voltage versus time. To make the Graph show light intensity instead
of voltage, click-and-drag ‘Light Intensity, ChA’ from the Data list to the vertical axis of

the Graph display.

i @ File Edit Experiment Window Display Help

[FE summary|[= Setup |[ > start |_| @ Calculate | [ Curve Fit |
w

@ Data Experiment Setup |

F voltage, Chay (v) @ Graph 1
v gt | o EARIRRIBIEAL 7 ~IWIAIS-] v ~]X[E]
f é}ag 10
= Foed] i
a.HDigits/ 3 67
e FFT 4
. 1'.' 1 >2—
Drag ‘Light Intensity,
Ch A’ to the Y-axis. R iz oz 4 s & 1 & 5 10
-2 Tirne(s)
“h Seope -4
B Table e
Workhook -]
— 10 |_

. In ScienceWorkshoplick-and-drag the ‘Graph display’ icon to the Light Sensor icon in
the Experiment Setup windowesult The Graph display shows ‘Intensity (% max)’
versus Time (S).

untitled )| =

O
] =] ~Seience Workshop~—
REC | | mow | | sTar ‘ 5003 merace

Data

Click and drag this digital plug -
to a channel for motion,
radiation, rotation, etc...

Sampling Options.. *

(INEE & @‘%

Digits Meter Sciope FFT Table Graph

Click and drag a display icon to a
channel or sensor to display data.

Start recording data

. Set the GAIN switch on the top of the Light Sensat.to
. In DataStudiq click the ‘Start’ button). In ScienceWorkshoplick the ‘REC’

button [EEET),

. Move your hand over the Light Sensor, point the sensor at different light sources, and
watch the results on the Graph display.

Stop recording data.
. Click ‘Stop’ to end data recording.

A-18 ©1999 PASCO scientific



Teacher’s Guide Tutorial: Motion Sensor Earth Science Labs with Computers

Motion Sensor Il ‘

The Motion Sensor Il is a sonar ranging device. It sends out ultrasonic pulses and detects echoes
of these pulses that are reflected from an object. The sensor includes a cable for connecting to the
interface. One end of the cable
connects to the sensor. The other end
has two stereo phone plugs that
connect to the interface. The yellow
plug carries the ‘transmit pulse’
signal from the interface. The other
plug returns the echo to the interface.

The sensor can measure objects as
close as 15 cm (0.15 m) or as far as 8
m. You can use the software to set
the number of pulses (the ‘trigger rate’) from as few as five per second to as many as 120 per
second.

The sensor has one built-in control.

Narrow/Standard (Std.) Switch: Set the switch tdlarrow for measuring highly reflective
targets (such as a PASCO cart) at distances of 2 m or less. Set the s@ittflortoneasuring
targets that are poor reflectors or for distances longer than 2 m.

Note: Use the ‘Standard’ setting if tBataStudioor ScienceWorkshajile has a ‘Start

Condition’ for the Motion Sensor. On the Standard setting, you may need to tilt the sensor up by
five or ten degrees to avoid reflections from the front of the sensor housing or from a surface
underneath the sensor.

For this activity you will need a meter stick and a highly reflective target, such as a book.

Set up the sensor

. Plug the modular connector on one end of the interface cable into the side of the Motion
Sensor. Connect the yellow phone plug iDtgital Channel 1 on the interface. Connect
the other phone plug in@igital Channel 2

1 meter

. Place the sensor exactly one meter away from a target. Arrange the sensor and target so the
pulses from the sensor can reflect from the target and be detected by the sensor.
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Set up the sensor in the software

. In DataStudig double-click the name of the sensor in the Sensors list in the Experiment
Setup windowResult The sensor icon appears below the digital channels of the interface.
The sensor’s parameters (e.g., Position, etc.) appear in the Data list.

I@/ Sensars H Ya Options... || 2y Timers.. || Logging... |M0dem Fort
Science Workshop 500
é}’ﬁensnrs By Sensor Mame

5 . =
j Acceleration Sensor ﬂ

“Hg Barometer
)

:ﬁﬂ Colorimeter
(ﬂ;ﬁ\ConductivitySensor Flnd the name
* of the sensor.

I Current Sensor

.8
$02€ Dissolved Oxygen Sensor ||

-

%

. In ScienceWorkshoglick-and-drag the ‘digital sensor plug’ icon to the Channel 1 icon in
the Experiment Setup window, select the name of the sensor from the list of sensors and
click ‘OK’ to return to the Experiment Setup windoRResult The sensor’s calibration
window opens and the sensor begins to click a few times per second.

untitled

1@ B motion sensor

Calibration Distance: Speed Of Sound:
[100  |m [_calibrate |  344.00 m/ss

Current Distance:
ital plug Click 2nd drag this analog plug 1.000 m
n, hest,

to 2 channel for veltage, Max Distance:
o Tight, for nur\d,:tc Trigger Rate: HZ 800 m
Min Distance:
ile: @ B W 050 m
Digits  Meter  Scope FFT  Table  Graph
Click and drag a display icon to [ cancel ] ” 0K "
hannel or sensor to display data.

Calibrate the sensor
The general method for calibrating the motion sensor is as follows:

1. IntheDataStudioExperiment Setup window, double-click the sensor’s i€@sult The
Sensor Properties window opens.

SensorProperties——3—H

SensorProperties=———————— 5
JGH\CH‘I ” Megsurements }[ MOHOI\SEHSO?"\] Motion Sensor
Motion Sensor Calibration Distance Speed of Sound
m 344,000 m/s
Model Calibrate ——
CI-6742 (shown), CI-6529
Current Distance 8.000 m
0298 m
Min Distance
Trigger Rate CI=E=215
050 m
Cl-gv42
015m

2.  Click the ‘Motion Sensor’ taliResult The calibration window opens and the sensor
begins to click a few times per second.
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4.

Calibrate the software.
First, make sure that the sensor is one meter from the target.

Second click the ‘Calibrate’ button in the Motion Sensor windd®esult The software
calculates the speed of sound based on the calibration distance (one meter) and the round
trip time of the pulse and echo

Click ‘OK’ to return to the Experiment Setup window.

Set up a display

In DataStudig double-click the ‘Graph’ icon from the Displays liResult The Graph
display shows position versus time.

In ScienceWorkshgglick-and-drag the ‘Graph’ display icon to the sensor’s icon in the
Experiment Setup window. Select ‘Position, x (m)’ from the list of and click ‘Display’.
Result The Graph display shows position versus time.

Start recording data

In DataStudig click the ‘Start’ button). In ScienceWorkshoplick the ‘REC’

button LEEET),

Move a target (such as a book) back-and-forth in front of the sensor. Watch the results on
the Graph display.

Graph 1 =0—————"—o=0H

A
] [EEaalal= - mlAlS-]

2.0 [& Position, ch1g2 Run #1_|

Time(s)

Stop recording data

Click ‘Stop’ to end data recording.
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pH Sensor

The pH Sensor has an amplifier and a
pH electrode. The electrode produces
a voltage that is proportional to the
hydrogen ion concentration in a
solution. (Store the electrode in its
soaker bottle when you are not using
it.) The amplifier converts the
electrode voltages into the voltages
required by the&scienceWorkshop
interface.

For this activity you will need a cup
or beaker, some cranberry juice (or other fruit juice), and an antacid tablet (e.g., Alka-Seltzer®).
Fill the cup about half full with juice. Break the antacid tablet in half.

1. Set up the sensor.

. Plug the DIN connector cable into the sensor’s DIN plug
and then connect the cable iltnalog Channel Aon
the interface.

. Connect the pH electrode to the BNC port on the pH ;
Sensor. Line up the connector on the end of the cable 26
with the pin on the BNC port. Push the connector onto
the port and then twist the connector clockwise about
one-quarter turn until it clicks into place.

. Put the end of the pH electrode into the juice.
2.  Set up the sensor in the software.

. In DataStudig double-click the name of the sensor in the Sensors list in the Experiment
Setup window.

O ==——F&bxperimentSetup=—"————>H
I«ef Sensars H'/. Options... ||® Timers... || Logging... | Modem Part

Science Workshop 500

é}’ Sensors Ey Sensor Mame "o

fé Acceleration Sensor é
Iﬂng Barometer
Ezﬂ Colorimeter

<+ | E
w Conductivity Sensor Flnd the name
* of the sensor.

I Current Sensor

;;‘ Dissolved Oxygen Sensor
$02f = o

] <

. The sensor icon will appear below Channel A of the interface. The sensor’s parameters
(e.q., pH, Voltage, etc.) will appear in the Data list.
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. In ScienceWorkshoglick-and-drag the ‘analog sensor plug’ icon to the Channel A icon in
the Experiment Setup window, select the name of the sensor from the list of sensors and
click ‘OK’ to return to the Experiment Setup window. The sensor’s icon will appear below
Channel A of the interface.

Em untitled ""=———————115

—
L] ] ] ~Science Workcshop
Ree | | mow | | sTap ‘ &S00 werde

Data

— DIGI

Click and drag this digital plug Click aniN
L to a channel for motion, to a channeMNgr voltage, heat,

radiation, rotation, eto... Tight, for Mg sound, et
Sampling Options...
. -
i e B m

Digits Meter Scope FFT Table Graph

Click and drag a dizplay icon to a
hannel or zensor to display data.

3.  Setup a Graph display of pH versus Time.
. In DataStudig click-and-drag the ‘Graph’ icon from the Displays list ar@

drop it on ‘pH’ in the Data list. S bate -
«  In ScienceWorkshoglick-and-drag the ‘Graph’ display icon to the e
sensor’s icon in the Experiment Setup window. Select ‘pH (pH)’ and
click ‘Display.
4.  Start recording data. ?E;g:w -
. Put half of an antacid tablet into the fruit juice and stir with the end of KEFTW X
pH electrode. gﬂistowm
Meter
«  In DataStudio click the ‘Start’ button). In o
Workbook
ScienceWorkshoglick the ‘REC’ button LEEET),

. Note the change in pH in the Graph display.
5.  After two minutes, stop recording data. (Click ‘Stop’ to end data recording.)
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Pressure Sensor

The Pressure Sensor includes a cable, a
syringe, tubing, and connectors for the
tubing.

The sensor can measure pressures as high as
700 kilopascals, or about seven atmospheres.
It is designed for non-corrosive gases. Do
not put liquids into the sensor.

For this activity you will need two drops of
glycerin, the syringe, a short piece of plasti
tubing, and a quick-release connector. (Note:

The syringe, tubing, and connector are included with the sensor.)

Set up the sensor

. Plug the DIN connector cable into the sensor’s DIN plug and then connect the cable into
Analog Channel Aon the interface.

. Prepare the syringe. Cut a short piece of tubing
(about 2 cm). Put a drop of glycerin on the barb
end of a quick-release connector. Put the barf™4 R
end of the connector into one end of the tubing:
Put a drop of glycerin on the tip of the syringe.
Put the tip of the syringe into the other end of the tubing. Pull out the piston so it is at
about the 10 cc mark.

o
-

. Connect the syringe to the sensor. Line up the quick-

release connector with the pressure port on the se ilu
Push the connector onto the port and turn the
connector clockwise until it clicks.
Set up the sensor in the software
. In DataStudig double-click the name of the sensor in the Sensors list in the Experiment

Setup window.

. The sensor icon will appear below Channel A of the interfaesult The sensor’s
parameters (e.g., Pressure) appear in the Data list.

O ==——F&bxperimentSetup=—"————>H
I«ef Sensars H Ya Options... || 2y Timers.. || Logging... |M0dem Fort
Science Workshop 500
é}’ﬁensnrs By Sensor Mame
pu— -
g Acceleration Sensor =
“Hg Barometer
)
Ezﬂ Colorimeter
< |
w Conductivity Sensor Flnd the name
* of the sensor.
I Current Sensor
.8
$O‘zéé‘ Dissolved Oxygen Sensor ||
= %
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. In ScienceWorkshoglick-and-drag the ‘analog sensor plug’ icon to the Channel A icon in
the Experiment Setup window, select the name of the sensor from the list of sensors and

click ‘OK’ to return to the Experiment Setup window. Result: The sensor’s icon appear
belows Channel A of the interface.

EiI=—————— untitlefd ="——————"11-
] ] ~Science Workshop~ ————
REC | [ mor | | STOR ‘ A0 e

Data

Click and drag this digital plug ick anNcag this analog plug
L to a channel for motion, to a channeMNgr voltage, heat,

radiation, rotation, ete... Tight, forMgg sound, ete..
Sampling Options

f e o BB W O

Digits Meter Scope FFT Table Graph

Click and drag a dizplay icon to a
channel or sensor to display data.

Set up a Graph display of Pressure versus Time

. In DataStudig double click the ‘Graph’ icon in the Displays liResult The display
automatically shows pressure versus time.

. In ScienceWorkshgglick-and-drag the ‘Graph’ display icon to the sensor’s icon in the
Experiment Setup windovResult The display automatically shows pressure versus time.

Start recording data

. In DataStudig click the ‘Start’ button). In ScienceWorkshoplick the ‘REC’

button LEEET),

. After a few seconds, push the piston in so it is at the 5 cc mark. Then pull the piston out so
it is at the 20 cc mark.

Graph I=——"————~FI8
| r @] A|Zv] e et <][X]

4]
=] E]R

200 -

180

160

-2 -1 12 ¥ 4 5 & ¥ g8 2 10 11 12 13
h L h I I H i i H 1 it h L h 1

7

. Note the change in pressure in the Graph display.

Stop recording data

. Click ‘Stop’ to end data recording.
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Temperature Sensor

The Temperature Sensor has a temperature
sensitive integrated circuit in its tip that
produces a voltage that is proportional to
temperature. The sensor is covered with
Teflon® tubing that is very chemical
resistant. The sensor includes a removable
Teflon sensor cover that is highly chemical
resistant.

The sensor’s operating range is from -5 °C
to 105 °C. Do not use the sensor in a direct flame or on a hot plate.

Set up the sensor

Plug the sensor’s DIN plug in#dnalog Channel Aon the interface.

Set up the sensor in the software

In DataStudig double-click the name of the sensor in the Sensors list in the Experiment
Setup windowResult The sensor’s icon appears below Channel A of the interface. The
sensor’s parameter (e.g., Temperature) appears in the Data list.

I@/ Sensors H Ya Options... || @ Timers... || Logging... |M0dem Port
Science Workshop 500

é}’ Sensors Ey Sensor Mame "o

-

pu—
5 . =
as Acceleration Sensor ﬂ

“Hg Barometer
)

-
-«cﬂ--- Colarimeter
gl

Find the name
[_] Conductl;ltySensor Of the sSensor.

I Current Sensor

.
$02<>§3 Dissolved Oxygen Sensor ||

-

%

In ScienceWorkshoglick-and-drag the ‘analog sensor plug’ icon to the Channel A icon in
the Experiment Setup window, select the name of the sensor from the list of sensors and
click ‘OK’ to return to the Experiment Setup windoRResult The sensor’s icon appears
below Channel A of the interface.

EIE=—————— untiftled =————————711=

~Soience Workshop———
‘ &S00 werde

e

Click and drag this digital plug
L to a channel for motion,

Sampling Options...

M 29 this analog plug
to a channeMNgr voltage, heat,
radiation, rotation, etc... Tight, forNg sound, ete..

=
jles 2 @ m
Digits Meter Scope FFT Table Graph

Click and drag a dizplay icon to a
channel or sensor to display data.
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Set up

a Graph display of Temperature versus Time

In DataStudig double-click the ‘Graph’ icon in the Displays liBesult The Graph
display automatically shows ‘Temperature’ versus ‘Time’.

In ScienceWorkshgglick-and-drag the ‘Graph’ display icon to the sensor’s icon in the
Experiment Setup window. Result: The Graph display automatically shows ‘Temperature’
versus ‘Time'.

Start recording data

In DataStudig click the ‘Start’ button). In ScienceWorkshoplick the ‘REC’

button LEEET),

Measure the temperature of your hand. Place the tip of the sensor in the palm of your hand
and rub the sensor against your skin for several seconds. Note the temperature in the Graph
display. Then move the tip of the sensor from the palm along one of your fingers to the end
of the finger. Watch the change in temperature in the Graph display as you move the
sensor.

Stop recording data

Click ‘Stop’ to end data recording.

Rescale the Graph display

In DataStudig click the ‘Scale-to-Fit’ button) in the Graph display toolbar.

In ScienceWorkshoglick the ‘Autoscale’ button) in the Graph tool palette.

[ = ———Temperature Sensor=—~—=>01H
e e e R =1 [N o P O Temperature Sensor =——=HIH
==
5 A a ]
il H"""“-Iurhl

32

20
L L

=
=
4
Fun #1 Wl

| A Ternperature, Chi Run #1

Ternp (deg C)
0.0
-.\
|

260 220
]
@]

.QJ 2 4 & & 10 12 14 16 18 20

® - Tirne (=)
D Iel®] -~

Time(s)
2 z 4 3 B T g 9 10 11 12 12 14 1
Z
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Remember to Use the Online Help

In DataStudig click ‘Contents’ or ‘Search...” in the Help menu to open the online help file.
can use the online help file to learn about any button, icon, menu, control, function or feat

the program.

Teacher’s Guide

In ScienceWorkshofor Macintosh, click ‘Show Balloons’ in the Help menu.

You
ure of

0=———————nDataStudonHeh =———~—————FH H
| £} Help Topics || Go Back || 2y Print L Previous
Keyword: || | D
Gateway to DataStudio Help
» Click the arrow beside the topic you need help on: ﬁ
Setup Information Procedure Information
E Selfing up o record data E Adding data manually
E Selfing up a sensor E Calculabes function
E Displaying data E Creating a curve fit
- . E Customizing Daka S tudio
Display Information E
Exporting data
E Digits display
E E Kevboard sampling
FFT display
E Importing daka
E Graph display
E Manually riggering data recording
E Histogram display
E E Maodeling data |
Meter display =
(=] Printing i
’E Seobe disrlay — £
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Teacher’'s Guide
Part 1

Earth Science Labs with Computers

Stewardship: Memorandum - About Stewardship
o The Water Planet

Memorandum — About Stewardship

Greetings,

You are about to begin a journey of discovery alkarth - The Water
Planet The activities in this part &arth Science Labs with Computer$

focus on the quality of the water around you. You will have the
opportunity to make scientific measurements to determine the quali
water. You will also explore the relationships in nature that affect th
quality of water.

stewardship

Background

for drinking, cleaning, recreation, manufacturing, and countless other
purposes.

The quality of water can be altered by many factors: change in
temperature, chemical pollutants, aquatic life-forms, etc.

CEEEREERTEEEF

Activity Descriptions
Some of the activities in this part Barth Science Labs with

Computersare designed to be done out-of-doors. Other activities @
best done in a lab or classroom. Some of the activities require wa
samples that you can collect and bring back to the classroom.

LAB = Activity for the lab or classroom
FIELD = Activity to be done out-of-doors
COLLECT = Activity using collected water samples

TG: Stewardship Memo © 1999 PASCO scientific 1

Along the way you will learn about things that you can do to protect and
even improve the quality of water. In other words, you will learn about

The water on our planet is essential to life as we know it. We use water
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Memorandum — About Stewardship

Teacher’s Guide
Part 1

No. List of Activities by Type

S01 | Streams and Rivers

S04 | Clarity and Turbidity in Water
S05 | Reducing Turbidity in Water

S06 | pH of a Natural Water System
S07 | Acid Rain: Detection and Causes

S02 | Measure Stream Flow
S03 | Temperature of Flowing Water

S04 | Clarity and Turbidity in Water

S05 | Reducing Turbidity in Water

S06 | pH of a Natural Water System

S07 | Acid Rain: Detection and Causes (optional)

Description

EachLAB activity in this part oEarth Science Labs with Computdras the
same basic structure:

Equipment List Purpose Hypothesis

Background Safety Reminders Procedure Outline

TheProcedure Outlinencludes the following parts:

Set Up the Equipment Set Up the Experiment Do the Experiment Analyze the Data

Appendix Ahas more information about each part offinecedure Outline

EachFIELD activity involves making measurements and recording

observations and data away from the classroom. You will use the “data
logging” feature of thé&cienceWorkshopOO0 Interface. Refer tAppendix C
for more information about using ti8eienceWorkshop0O0 Interface for dat

logging.

A

FIELD

EachCOLLECT activity starts with collecting samples. The rest of the act
is done in the lab or classroom usiDgtaStudioor ScienceWorkshoand the
interface.
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Teacher’s Guide Earth Science Labs with Computers
Part 1 Memorandum — About Stewardship

Teacher’s Notes — About Stewardship

Goal

The goal is to involve each student in hands-on activity and creative problem solvm
while they are learning fundamental science concepts and skills. They will make (g
predictions, observe phenomena, record measurements, modify parameters, an
conclusions. In other words, they will “do science”.

Teacher’'s Role

The teacher’s role is “project manager”. Some activities call for you to be the transportation
coordinator. However, most ‘in-the-field’ activities can also be done using an alternate method.
In every activity, you will be the safety officer, the guide, and the resource person.

Activity Descriptions

The activities in th&tewardship— The Water Plangrt ofEarth Science Labs with Computers
are similar to the tasks performed by scientists, water quality technicians, and environmental
engineers around the world. All of the activities involve water quality. Some involve making
measurements ‘in the field’. Others activities involve collecting samples and then testing the
samples in the lab.

Teacher’s Guide Description — Part 1

NPT
The pages in the Teacher’s Guide for Part 1 are the same as the pages in the ' ==
Workbook. However, the Teacher’s Guide contains typical answers to the que: =
in theLab Reporsection. Theleacher'sNotessection includes time estimates, ==

objectives, tips, and sample data.

Appendix A provides details for the procedure of each activity, such as how to
calibrate a sensor, if needed. Appendix C describes how to use the
ScienceWorkshap00 Interface for “data logging”.

The next page is a summary of preparation information for each activity in Par
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Memorandum — About Stewardship Part 1

Preparation Information Summary

The following is a summary of information about each activity.

Teacher’s Guide Preparation Summary — Part 1

» Type: Type of activity, C = Collect, F = Field, L = Lab

» Pre-lab: Does the activity require preparation before the day of the activity?
e Cal.: Calibration of sensor(s)

* Prep. Time: Estimate of preparation time on the day of the activity

» Act. Time: Estimate of activity time

e Other: Miscellaneous reminders

No. | Title Type Pre-lab Cal. | Prep. | Act. | Other
Time | Time
S01 | Streams and Rivers L organize no 30 45
clean-up min min
S02 | Measure Stream Flow F safety, no 30 30
transporation, min min
review data
logging
S03 | Temperature of Flowing Water F safety, no 30 30
transportation, min min
review data
logging
S04 | Clarity and Turbidity in Water CL safety, yes 30 30
transportation min min
S05 | Reducing Turbidity in Water C L safety, yes 30 45 note
transporaton min min 1
S06 | pH of a Natural Water System C L safety, yes 30 30
transporation min min
S07 | Acid Rain: Detection and Causes L, C safety yes | 2hrs 30
min
Notes
1. The water samples must be left undisturbed overnight.
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Teacher’'s Guide
Part 1

Earth Science Labs with Computers
S01: Streams and Rivers

Procedure Outline — Activity SO1: Streams and Rivers

* Thisis a LAB activity.

Equipment Qt y | Consumables (*=optional) Qty
Bucket, at least 8 L 1 Sand 10 kg
Container, 2 L 1 Water 10L
Funnel, to fit inside tubing 1 Clay*
Meter stick 1 Grass clippings*
Protractor 1 Paper cup *
Stream table 1 Pebbles*
Tubing, 6 mm inside diameter 0.5 m | Potting soil*

Sticks*
VOCABULARY | channel course delta erosion gradient
meanders precipitation runoff sediment sedimentation

What Do You Think?

What things determine the overall shape of a river or stream? How dassitkeof a river or
o stream change over time? How does a river or stream folmarael or adelta?

% | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Close your eyes. Imagine yourself sitting by a »
stream and or a river. Try to imagine the sight ~——w"%=
smells, sounds, textures, etc. Now, using text "~ ==
and/or graphics, describe what you have '
imagined in the Report.

Stream Table

A stream table is a model of a stream or river. In normal operation, the stream table is placed on
a horizontal surface. One end of the table is raised so the stream table is at a small angle relative
to the horizontal surface. Material such as sand, clay, and soil is put into the stream table to
simulate the ground. Water flows over the material in the stream table in much the same way as
water in a stream or river flows naturally over the ground.

SAFETY REMINDERS THINK SAFETY
* Make sure the flow of water in the stream table is controlled. ACT SAFELY
*  Turn off the flow of water when emptying the bucket. BE SAFE!

* Dry any spilled water and avoid wet areas on the floor.

Procedure Outline '

In this activity, use the stream table to observe how moving water makes a pi
the ground to form a channel. Observe how the water deposits material to for ‘“’T“‘*’”" ”
delta. Observe how the course of the moving water changes over time. A

[V] Remember, for more detailed information see ~ Appendix A . (D dmaipemsinte
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Earth Science Labs with Computers Teacher’'s Guide
S01: Streams and Rivers Part 1

[ ] A. Set Up the Equipment
1. Dampen the sand. Arrange sand in the stream table so that the sand is level.

2.  Set up the stream table so the stream table makes an angle of about 6° relative to
horizontal.

3.  Set up the water supply system.

[ ] B. Set Up the Experiment

4.  Determine the percent grade (% grade) of the stream table. Record the angle of the table
and the percent grade in the Report.

[ ] C. Do the Experiment

5. Trial 1 Normal conditions. Pour water from the container into the funnel so water flows through
the tubing onto the upper end of the stream table. Allow the water
to flow gently onto the surface of the sand for five minutes. Observe
what happens and record your observations.

6. Trial 2 Change the angle. Repack the sand or use a fresh part of the stream table. Change
the angle. Determine the percent grade (% grade) of the table.
Record the angle and the percent grade as part of Trial 2 in the
Report. Let water flow onto the sand for five minutes. Record your
observations.

7. Trial 3 Reduced water flow Repack the sand. Keep the angle of the stream table the same.
Reduce the water flow. Let water flow slowly onto the sand for five
minutes. Record your observations.

8. Trial 4 Artificial channel Repack the sand. Put the stream table at a low angle. Record the
angle with the protractor and record it in the Report. Carve an “S”
shaped stream bed in the sand with your finger. Run the water
down it for five minutes. Record your observations.

9. Trial 5 Level area Repack the sand so there is a slope leading to a flat, level area
near the base. As you run water down the slope, observe what
happens when the water reaches the level area. Record your
observations.

10. Trial 6 | Different material Repack your stream table with a mixture of moist sand, clay, and
pebbles. Run the water down it for five minutes. Record your
observations.

[ ] D. Analyze the Data

11. Examine the observations you have recorded in the Report to determine the relationship of
the shape of a stream or river to natural factors such as the following:

steepness (angle) of slope rate of water flow

shape of the existing ground material type of ground material

Record your results in the Lab Report section.
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Part 1 S01: Streams and Rivers

Optional: Design a Stream Habitat

Habitat: A habitat is the place where an organism lives. It is made up of the surrounding vegetation, soils,
and climate.

1. Discuss a stream habitat. Brainstorm all the parts of that habitat including climate, soill
types, and surrounding vegetation. Make a design for a stream habitat. Put a sketch of your
design in the Report.

2. Build a habitat in your stream table using the following materials:

clay grass clippings potting soil
pebbles sand sticks

3.  Justify the decisions that were made for the design of your habitat. Write your justification
in the Report.

4.  Make a prediction of what will happen in your habitat with the addition of precipitation
(rain). Include your prediction in the Report

5.  Test your prediction by sprinkling your habitat with water from a cup with holes in it.
Continue sprinkling for five minutes. Make observations during the process and record
your observations in the Report. Share your results.
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Teacher’'s Guide Earth Science Labs with Computers
Part 1 S01: Streams and Rivers

Lab Report — Activity SO1: Streams and Rivers

Name G
Report —

Class

Date

[ ]What Do You Think?

What things determine the overall shape of a river or stream? How dassitkeof a river or
stream change over time? How does a river or stream folrarael or adelta?

Answers will vary. Students may predict thatdlaerall shape of a river or stream is changed
most by the volume of water that flows. They may predict that the course of a river or stream
becomes wider and the curves will become more sinuous over time. They may state that a river

or stream forms a channel throughosionand a delta througddeposition

Background

Imagine yourself sitting by a stream and or a river. Using text and/or graphics, describe what you
imagined.

Answers will vary

[ ] Do the Experiment

(=)

Trial 1: Normal Conditions Angle = 6° b grade = 10.5%

OBSERVATIONS DIAGRAM

TG: SO01 © 1999 PASCO scientific 9



Teacher’'s Guide

Earth Science Labs with Computers
Part 1

S01: Streams and Rivers

Trial 2: Change the Angle Angle = % grade =

OBSERVATIONS DIAGRAM

1. Describe the effect of the steepness of the slope on the shape of the stream bed:
Answers will vary. In general, the greater the slope of the stream table, the more rapidly

the water will flow, and the more quickly the water will cut a daegam bed.

2.  Describe the effect of the steepness of the slope on the solid materials carried by the water:

Answers_will vary. In general, the more rapidlv flowing water will be able to carry or move
more solid material, and larger (heavier) pieces of material.

Trial 3: Reduce the Flow Angle =
OBSERVATIONS DIAGRAM
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Part 1 S01: Streams and Rivers

3.  Describe the effect of changing the rate of water flow on the shape of the stream bed:

Answers will vary. In general, the slower flow rate should allowstresam bed to widen
and form loops or meanders, but be less deep.

4.  Describe the effect of changing the rate of water flow on the solid materials carried by the
water:

The slower flow rate of the water means that less solid material can be moved or carried
along thestream bed. Solid material that is moved from the top may be deposited before it

is carried to the bottom.

Trial 4: Create an Atrtificial Channel Angle =

OBSERVATIONS DIAGRAM

5.  As the water followed the “S” course you dug out , where was the sand deposited?

The sand appears to deposit in the parts of the “S” where the water slows down the most.
The sand in the parts just below each curve is carried or moved the most.

6. On the diagram for Trial 4, use a solid line to trace the original “S” and a dotted line to
trace the final course of the water.
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S01: Streams and Rivers Part 1
Trial 5: Level Area Angle =
OBSERVATIONS DIAGRAM

7.  What happened to the speed of the water when it reaches the level area?

The speed of the water slows down when it reaches the level area of the stream table.
8.  What happened to the shape of the stream bed in the level area?

The shape of thetream bed became wider and less deep in the level area of the stream

table.
Trial 6: Change the Material Angle =
OBSERVATIONS DIAGRAM
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Part 1 S01: Streams and Rivers

9.  What happens to the flow of water in the mixture of sand, clay, and pebbles?

The flow of water carries the sand and most of the smaller pieces of clay, but is not fast
enough to carry or move the pebbles and large pieces of clay.

[ ]Analyze the Data

. Examine the observations you have recorded in the Lab Report to determine the
relationship of the shape of a sream or river to natural factors such as the following:

steepness (angle) of slope rate of water flow
shape of the existing ground material type of ground material
[ ] Conclusion

Answers will vary. One conclusion is that gieepness of the slope and the rate of water
flow determine how much the stream bed changes shape as the water flows. The steeper
the slope, the more material is moved or carried. The lower the rate of water flow, the less
the stream bed changes over time.

[ ]Questions
1.  Which natural factor seems to have the greatest effect on the shape of a stream or river?

Answers will vary (greatly). The natural factor that generally has the greatest effect on the
CHANGE in shape of the stream is the slope of the terrain.

2. Which natural factor seems to have the smallest effect on the shape of a stream or river?

Answers will vary (greatly). The natural factor that generally has the smallest effect on the
CHANGE in shape of the stream is the shape of the existing ground material.

Complete the following:

VOCABULARY |

channel: The channel of a stream or river is the bed of the stream or river.

course: The course of a stream or river is the ground or path over which the stream or river moves.

delta: A delta is the usually trianglular shaped deposit of material at the mouth of a stream or river.

erosion: Erosion is the transport of weathered material by wind, water, gravity, or ice.

gradient: The gradient of a stream is the slope or angle of the stream.

meanders: Meanders are turns, loops, or curves in the channel of a stream or river.

precipitation: Precipitation is water that falls as rain, hail, or snow.

runoff: Runoff is water, usually from precipitation, that does not soak into the ground.

sediment: Sediment is material that settles to the bottom of a liquid.

sedimentation: Sedimentation is the process of settling by which material in a liquid moves to the bottom.

TG: SO01 © 1999 PASCO scientific 13



Earth Science Labs with Computers Teacher’'s Guide
S01: Streams and Rivers Part 1

Optional: Design a Stream Habitat

Habitat: A habitat is the place where an organism lives. It is made up of the surrounding vegetation, soils,
and climate.

1. Put a sketch of your design for a stream habitat here.

Top View Side View

2. Put your justification for the decisions that were made for the design of your habitat.
Answers will vary.

3.  Put your prediction of what will happen in your habitat with the addition of precipitation
(rain).

Answers will vary.

4.  Record your observations of the test of your stream habitat.

OBSERVATIONS
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Part 1 S01: Streams and Rivers

Teacher’s Notes — Activity S01: Streams and Rivers

Time Estimates |Preparation: 30 min Alctivity: 45 min

Objectives
Students will be able to...
* set up and use a stream table

» observe and record the effect of the following factors on the flow of water over ground: angle, rate of
water flow, pre-existing shape of the ground, and type of material

» describe the relationship between the individual factors and the flow of water
Notes

The greatest challenge in this activity is the mess involved. Sand and water get spilled. Books,
papers, furniture, and people get wet. A formerly neat and tidy classroom starts to look like a
natural disaster area. Students love it. Take good advantage of student energy by organizing
clean-up teambeforehand

If necessary, substitute a container that pours smoothly, such as a pitcher, for the funnel and
tubing.

Stress the importance of observigd recording what happens before moving on to the next
trial.

For the first trial, the stream table is at an angle of 6°, or a grade of about 10.5%.

Extensions

The optional stream habitat design activity allows students to experiment with more of the
materials that are commonly found along a natural stream or river.
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Teacher’'s Guide

S01: Streams and Rivers Part 1
Stream Tables

Here are several scientific supply companies that provide stream tables:

Carolina Biological Supply Company Central Scientific Company (CENCO)

2700 York Road 3300 CENCO Parkway

Burlington, NC 27215 USA Franklin Park, IL 60131 USA

tel. 800-334-5551 tel. 800-262-3626

fax 800-222-7112 fax 800-814-0607

web WWW.Carosci.com web Www.cenconet.com

Delta Education, Inc. Fisher Science Education

5 Hudson Park Drive, P.O. Box 915 485 S. Frontage Road

Hudson, NH 03051-3989 USA Burr Ridge, IL 60521 USA

tel. 603-889-8899 tel. 800-955-1177

fax 603-880-6520 fax 800-955-0740

web www.delta-ed.com web www.fisheredu.com
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Teacher’'s Guide Earth Science Labs with Computers

Part 1 g Stewardship: S02: Measure Stream Flow Rate
¥ The Water Planet
Procedure Outline — Activity S02: Measure Stream Flow Rate A
* Thisis a FIELD activity that uses the ‘data logging’ feature of the interface. W
Equipment Qty  Per Student
ScienceWorkshop™ 500 Interface 1 Personal flotation device
Flow Rate Sensor (CI-6730) 1 Rubber boots (or waders)
Metric Measuring Tape (SE-8712A) 1
Waterproof tape 1 roll
| VOCABULARY | flow | flow rate |

What Do You Think?

What is the relationship between thepth of water in a stream or river and ttae at which the
water flows? What is the relationship betweengabsition relative to the side of a stream or
river and the flow of water? How does the flow of water maerow section of the stream or

. river compare to the flow inaider sectiorn?

7
% | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background =

The flow of water in a stream or river depend
on many factors. The steepness of the strea
or river bed, the type of ground material over
which the water flows, and the overall shape ¢
the terrain are examples of factors that goveri
the flow of water. Another factor is the friction
between the water and the banks of the strea
or river.

You will use a Flow Rate Sensor to measure |
how fast water flows in a stream or river.

SAFETY REMINDERS THINK SAFETY
. Follow directions carefully when using the equipment for this activity. ACT SAFELY
. Wear a personal flotation device (life jacket). BE SAFE!

. Wear clothing that is appropriate for this outdoor activity.

Procedure Outline
In this activity, use the Flow Rate Sensor to measure how fast water flows in a ...i...

stream or river. Use the sensor to measure water flow at different depths in the ... s
stream or river. Then use the sensor to measure water flow at a constant dept, . s s
at different distances from the shore. Finally, measure the water flow in a narrg 7= ======

T L. O T

section and then measure the water flow in a wider section. .

[V] Remember, for more detailed information see  Appendix A .
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[ ] A. Set Up the Equipment
1. Extend the Flow Rate Sensor to its full length.

EQUAL INTERVALS

=E— I U I N

EXTENDED FLOW RATE SENSOR TAPE

2.  Use waterproof tape to put reference marks at equal intervals along the shaft of the Flow
Rate Sensor.

[ ] B. Set Up the Experiment

You can use th8cienceWorkshop00 Interface to record data outside of a classroom. You can
program the interface while it is connected to the computer, disconnect the interface and go
collect data, and then re-connect the interface to the computer to analyze your data.

|See Appendix C about how to use the ScienceWorkshop 500 Interface for “data logging” |
1.  StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S02 Stream Flow.DS S02 Flow Rate S02_FLOW.SWS

. The document opens with a Graph display.

In the program, prepare the interface to be disconnected for data logging.
Disconnect the interface from the computer and power supply.

Carry the interface and Flow Rate Sensor to the experiment site.

P wnN

[ 1] C. Do the Experiment

. For the first part of your data collecting, record the flow rate of the stream or river at three different
depths at one position.

. For the second part of your data collecting, record the flow rate at a constant depth, but at three
different positions relative to the shore or bank.

. In the final part of the data collecting, record the flow at a narrow section of the stream or river and
then measure the flow at a wider section of the stream or river.
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S02: Measure Stream Flow Rate

Part 1
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5.  Connect the Flow Rate Sensor plug into Digital Channel 1 on the interface box.

6. Extend the Flow Rate Sensor and place the end in the water at the first depth. Hold onto
the sensor with two hands.

7.  When you are ready, press the LOG button on the front of the interface.

. Remember, the interface waits 10 seconds before it begins to record data. |

8. Record data at the first location for about one minute. Press the LOG button again to stop
recording data.

9. Repeat the data recording process for the other depths, different locations relative to the
shore, and for the narrow and wide sections of the river or stream.

[ ] D. Analyze the Data

1. Reconnect the interface to the power supply and computer. Download the data from the
interface to the computeiS¢e Appendix.C

2. Examine each run of data in the Graph display to determine the relationship of the flow
rate to depth, location relative to shore, and shape of the stream or river.

3. Write your conclusions and answer the questions in the Lab Report.

Record your results in the Lab Report section.
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Lab Report — Activity SO02: Measure Stream Flow Rate

Name G
Report —

Class

Date

[ ]What Do You Think?

What is the relationship between thepth of water in a stream or river and ttae at which the
water flows? What is the relationship betweengbsition relative to the side of a stream or
river and the flow of water? How does the flow of water maeow section of the stream or
river compare to the flow inwider sectior?

Answers will vary. Students may predict that the deeper the water, the slower the rate at which it
flows. They may predict that the farther away from the edge of the stream, the faster the rate at
which the water flows. They may state thaiver or stream flows faster in a narrow section

than it will in a wider section.

[ ]Analyze the Data
1. Use the Graph display to examine tlogv rate versustime for each run of data.
2.  Determine the average flow rate for each run of data and record the results in the Data

Table.
Data Table
Trial # | Description Results (Flow Rate)

1 Depth #1 (shallowest) 19.5 feet per second
2 Depth #2 (middle depth) 24.2
3 Depth #3 (deepest) 9.4
4 Location #1 relative to shore (closest) 1.4
5 Location #2 relative to shore 10.2
6 Location #3 relative to shore (farthest) 16.9
7 Narrow section of stream or river 24.6
8 Wider section of stream or river 12.1

. Be sure to include the units for the flow rate.

3.  Explain the relationship of the flow rate to the depth, location from the shore, and width of
the stream or river.

[ ] Conclusion
Answers will vary. One conclusion is that the flow of water decreases with depth, but
increases as the distance from the shore increases.
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[ ] Questions

1.

What is the relationship of flow rate to depth?

Answers will varyln general, as depth increases, the flow rate decreases. Why? Friction
between thetream bed and the water slows the water near the bottom of the stream.

What is the relationship of flow rate to position relative to the shore of the stream or river?

Answers will vary. In general, flow rate increases as the distance from the shore increases.
This is because friction between the water and the shore decreases farther from shore.

What is the relationship of flow rate to the width of the stream or river?

Answers will vary. Flow rate tends to be greater where the width of the stream is
narrower. Why? One reason is that pressure upstream from the narrow section causes
water to flow more rapidly through the narrow section.

Complete the following:

VOCABULARY |

flow: A flow is a smooth, uninterrupted movement.

flow rate: Flow rate for water is the rate at which water flows, or moves, usually measured in volume
(e.g., gallons per minute) or speed (e.g., meters per second).

22
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Part 1 S02: Measure Stream Flow Rate

Teacher’s Notes — Activity S02: Measure Stream Flow Rate

Time Estimates |Preparation: 30 min Alctivity: 30 min (plus travel time)

Objectives
Students will be able to...

» setup the ScienceWorkshop 500 Interface for “data logging”
e use the Flow Rate Sensor to measure flow rate

» observe and record the flow of water in a stream at different depths relative to the surface, at various
positions relative to the shore, and in parts of the stream that have different width

» describe the relationship between the individual factors and the flow of water
Notes

This is aFIELD activity that uses the “data logging” feature of 8@enceWorkshoipterface.
Review Appendix C for information about data logging with$lteenceWorkshapOO0 Interface.

Measurements

There are eight measurements recommended in the procedure outline for this activity. It may be
possible for eight different teams of students to use the Flow Rate SenSwiamcke\Workshop
interface for data recording. A key to success is planning.

Safety

The premiere challenge in this activitysafety The Flow Rate Sensor can be difficult to hold if
used in swift water. Set up a “buddy system” with one student holding the sensor, a second
student holding the “holder”, and a third student holding and operating the interface. Equally
challenging is transportation to and from the stream or river. However, this activity generates
great excitement because the studdotthe science (e.g., observing, making measurements,
recording data).

Alternate Procedure

If necessary, substitute a swimming pool or pond for the flowing water. Have each group move
with the Flow Rate Sensor at a constant speed along the edge of the pool or the shore of the
pond. They should be able to measure a difference in flow rate at different depths and positions.
They would not be able to measure the difference in flow rate due to width of the flowing water.

Extensions

Measure the rate of flow at different positions in a waterfall: near the top, at the edges, at the
bottom.
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DataStudio Sample Data
FlowRate{t) B

24
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Earth Science Labs with Computers

: Stewardship: S03: Temperature of Flowing Water
\‘@4 The Water Planet

Teacher’'s Guide
Part 1

Procedure Outline — Activity SO3: Temperature of Flowing Water

* Thisis a FIELD activity.

Equipment Qty  Per Student
ScienceWorkshop™ 500 Interface Personal flotation device
Temperature Sensor (CI-6505A) Rubber boots (or waders)
Metric Measuring Tape (SE-8712A)
Marker pen

Pole (approximately 2 m)

Rubber band

Sensor cable*, DIN-to-DIN

(*included with the CI-6504A Light Sensor)
| VOCABULARY | Celsius | temperature | thermal pollution |

NN

What Do You Think?

What is the relationship between tieenperature of water in a stream or river and tthepth at
which the temperature is measured? What is the relationship betweéemgerature and the
position relative to the side of a stream or river? How does the temperature of the water in a
narrow section of the stream or river compare to the temperature of the watevidea

~ sectior?

[% | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Temperature is the measure of the average kinetic energ
particles in a substance. A substance that is in motion has
more kinetic energy than a substance that is at rest. One
factor that may affect the temperature of water is the flow
rate of the water.

You will use a Temperature Sensor to measure the -
temperature at different depths and locations in a stream (¢

river. 3
SAFETY REMINDERS THINK SAFETY
. Follow directions carefully when using the equipment for this activity. ACT SAFELY
. Wear a personal flotation device (life jacket). BE SAFE!

. Wear clothing that is appropriate for this outdoor activity.

Procedure Outline

In this activity, use the Temperature Sensor to measure the temperature of wat
stream or river. Use the sensor to measure temperature at different depths. The ===
the sensor to measure temperature at a constant depth, but at different distano P

the shore. Finally, measure the temperature in a narrow section and then meas ;i =272%
temperature in a wider section. o i

[V] Remember, for more detailed information see ~ Appendix A .
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[ ] A. Set Up the Equipment

1. Use rubber bands to fasten the Temperature Sensor to one end of a 2 m pole. Attach the
DIN-to-DIN sensor cable to the end of the Temperature Sensor’s cable.

SENSOR RLUBEBER.
POLE BANDS

_E'l:fi:ﬂ:

EQUAL INTERYALS .
2. Use a marker pen to put reference marks at equal intervals along the pole.

[ ] B. Set Up the Equipment

You can use th8cienceWorkshop00 Interface to record data outside of a classroom. You can
program the interface while it is connected to the computer, disconnect the interface and go
collect data, and then re-connect the interface to the computer to analyze your data.

|See Appendix C about how to use the ScienceWorkshop 500 Interface for “data logging” |

1. StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S03 Stream Temp.DS S03 Temperature Flow S03 TEMP.SWS

The file opens with a Graph display.
In the program, prepare the interface to be disconnected for data logging.

Disconnect the interface from the computer and power supply.
Carry the interface and Temperature Sensor to the experiment site.

P wnN

[ ] C. Do the Experiment

. For the first part of your data collecting, record the temperature of the stream or river at three
different depths at one position.

. For the second part of your data collecting, record the temperature at a constant depth, but at three
different positions relative to the shore or bank.

. In the final part of the data collecting, record the temperature at a narrow section of the stream or
river and then measure the temperature at a wider section of the stream or river.

When you put the Temperature Sensor into the water, don’t go beyond the Temperature
Sensor’s DIN plug.
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Connect the sensor into Analog Channel A on the interface box.

1.

2.  Place the end of the sensor in the water at the first depth.

3.  When you are ready, press the LOG button on the front of the interface.

. Remember, the interface waits 10 seconds before it begins to record data. |

4.  Record data at the first location for about one minute. Press the LOG button again to stop
recording data.

5. Repeat the data recording process for the other depths, different locations relative to the
shore, and for the narrow and wide sections of the river or stream.

[ ] D. Analyze the Data

1. Reconnect the interface to the power supply and computer. In the program, download the
data from the interface to the comput&e¢ Appendix.C

2. Examine each run of data in the Graph display to determine the relationship of the
temperature to depth, location relative to shore, and width of the stream or river.

3. Write your conclusions and answer the questions in the Report.

Record your results in the Lab Report section.
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Lab Report — Activity S03: Temperature of Flowing Water

Name G
Report —

Class

Date

[ ]What Do You Think?

What is the relationship between tieenperature of water in a stream or river and tthepth at
which the temperature is measured? What is the relationship betwesmgegature and the
position relative to the side of a stream or river? How does the temperature of the water in a
narrow section of the stream or river compare to the temperature of the watevidea

sectiorf?

Answers will vary. Students may predict that the deeper the water, the colder the temperature of
the water. They may predict that the farther away from the edge of the stream, the colder the
temperature of the water. They may state that a river or stream is colder in a narrow section
than it will in a wider section.

[ ]Analyze the Data
1. Use the Graph display to examine thenperatureversustime for each run of data.

2. Determine the average temperature for each run of data and record the results in the Data
Table.

Data Table

Trial # Description Results (Temperature)

Depth #1

Depth #2

Depth #3

Location #1 relative to shore

Location #2 relative to shore

Location #3 relative to shore

Narrow section of stream or river

0 N o |0 |~ W IN e

Wider section of stream or river

Be sure to include the units for the flow rate.

Explain the relationship of the temperature to the depth, location from the shore, and width
of the stream or river.

w

[ ] Conclusion
Answers will vary. One conclusion is that the temperature of water decreases with depth,
and also decreases as the distance from the shore increases.
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[ ] Questions

1.

What is the relationship of temperature in flowing water to depth?

Answers will varyln general, as depth increases, the temperature decreases. Why? Water
at the surface receives more sunlight energy and is warmed slightly.

What is the relationship of temperature to position relative to the shore of the stream or
river?

Answers will vary. In general, temperature decreases as the distance from the shore
increases. Why? Water nearer the shore absorbs some energy from the ground.

What is the relationship of temperature to the width of the stream or river?
Answers will vary. Temperature may change with width, but our data are inconclusive.

Complete the following:

VOCABULARY |

Celsius: The Celsius scale of temperature measurement is a thermometer scale in which the interval

between the freezing point and boiling point of water is divided into 100 degrees, where 0 degrees
Celsius (°C) is freezing and 100 degrees Celsius ("C) is boiling.

temperature: Temperature is the measurement of the average kinetic energy of the particles in a

substance. Temperature is also the level of hotness or coldness of a substance.

thermal pollution: Thermal pollution is the discharge of liquid into a natural body of water at such a high

temperature that aquatic life in the water is harmed.

30
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Teacher’s Notes — Activity SO03: Temperature of Flowing Water

Time Estimates |Preparation: 30 min Alctivity: 30 min (plus travel time)

Objectives
Students will be able to...

» setup the ScienceWorkshop 500 Interface for “data logging”
« use the Temperature Sensor to measure temperatures

» observe and record the temperature of water in a stream at different depths relative to the surface, at
various positions relative to the shore, and in parts of the stream that have different width

» describe the relationship between the individual factors and the temperature of water
Notes

This is aFIELD activity that uses the “data logging” feature of 8@enceWorkshoipterface.
Review Appendix C for information about data logging with$lteenceWorkshapOO0 Interface.

Safety

The premiere challenge in this activitysafety Set up a “buddy system” with one student

holding the pole with the sensor, a second student holding the “holder”, and a third student
holding and operating the interface. Equally challenging is transportation to and from the stream
or river. However, this activity generates great excitement because the stiakhetscience

(e.g., observing, making measurements, recording data).

Data Recording

There are eight measurements recommended in the procedure outline for this activity. It may be
possible for eight different teams of students to use the Temperature Sensor and
ScienceWorkshopterface for data recording. As with the activity to measure flow rate, a key to
success is planning.

Alternate Procedure

If necessary, substitute a swimming pool or pond for the flowing water. Have each group move
with the Temperature Sensor at a constant speed along the edge of the pool or the shore of the
pond. They should be able to measure a difference in temperature at different depths and
positions. They would not be able to measure the difference in temperature due to width of the
flowing water.

Extensions

Measure the temperature at different positions in a waterfall: near the top, at the edges, at the
bottom.

Measure the temperature at different positions in a body of water that is still, or flowing very
slowly. Compare the results to the temperatures measured in a faster moving body of water.
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DataStudio Sample Data
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Part 1 S04: Clarity and Turbidity in Water
Procedure Outline — Activity S04: Clarity and Turbidity in Water

* This activity has two parts: a COLLECT part and a LAB part.
Equipment Needed Qty  Equipment Needed
Light Sensor (CI-6504A) 1 Ruler, metric
Base & Support Rod (ME-9355) 1 Secchi disk symbol
Beaker, 1000 mL 2 Per Student
Bottle, square, clear, ~125 mL 1 Personal flotation device
Clamp, Buret (SE-9446) 2 Rubber boots (or waders)
Clamp, Multi (SE-9442) 1 Consumables Qty
Container, ~ 3 L 1 Cardboard box, ~15 by 15 by 12 cm 1
Graduated cylinder, 100 mL 2 Dirt (optional) 100 g
Light source, DC (e.g., pen light) 1 Label 1
Marking pen 1 Tape 1 roll
Rod, Lab Stand, 45 cm (ME-8736) 1 Water 2L

| VOCABULARY | clarity | erosion | suspension | turbidity |

What Do You Think?

P What is the relationship between the clarity and turbidity of water in a natural system?

I%I | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

As the number of particles of solid matter (e.g., dirt) suspended in water increases, less light can
pass through ifTurbidity is a measure of how deep you can see an object below the surface of
the waterClarity is a measure of how much light passes through a certain amount of water.

Reduced light penetration through water can have several -
consequences. When less light penetrates, aquatic plant grov
will be limited.

Fewer aquatic plants mean less photosynthesis and therefore] |
oxygen in the water. This affects the fish and other organisms
that feed on plants and rely upon the oxygen given off by the }
plants. A second consequence of extra material suspended irf
water is that the material absorbs heat from the sun and incre
the water temperature. This also decreases the amount of ox
that is in the water. Causes of turbidity are algae and inorganic materlal from soil erosion.

SAFETY REMINDERS (COLLECT) THINK SAFETY
. Follow directions carefully when using the equipment for this activity. ACT SAFELY
. Wear a personal flotation device (life jacket). BE SAFE!

. Wear clothing that is appropriate for this outdoor activity.

Procedure Outline

e
You will collect water from a river or stream. In the lab part, you will use a Secchi ¢ i e
symbol to measure the turbidity of the water and then you will use a Light Sensor &:==2==
light source to measure the clarity of the water. -

[V] Remember, for more detailed information see  Appendix A .
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In this activity, collect (or make) a sample of dirty water to test. In the lab, 8eechidisk
symbol and graduated cylinder to measuretuhgidity of the water. Calibrate the Light Sensor
and then use the Light Sensor to measureldréy of the water. Finally, compare the turbidity
of the water to the clarity of the water.

[ ] Pre-Lab: Collect the Sample

. Use a container to collect about 2 liters of non-clear water from a river, lake or pond. Put a
label on the container and mark the label with the location of the water source.

(Alternate Procedure: Add a small amount of dirt to 2 liters of water and shake vigorously to thoroughly
mix the dirt and water.)

[ ] A. Set Up the Equipment

Equipment Setup for Turbidity —

A Secchi disk is a circular disk, 20 cm (0.20 m) in diameter,
that is divided into four quarters. The quarters are alternately
painted black and white. A cord or chain is attached to the
disk so the disk can be lowered vertically into the water. The
cord or chain is calibrated in equal intervals so the depth can

be measured. Cylinder
You will use a Secchi diskymbolinstead of a Secchi disk.

1.  Place the Secchi disk symbol on a flat surface. e
2.  Place a graduated cylinder on the center of the disk. é

Equipment Setup for Clarity

1. Use a base and support rod, a lab stand rod, a multi-clamp (right-angle clamp), and two
buret clamps to make a stand for the pen light and

Light Sensor. _ Base &
2. Adjust the position of the pen light and the Light support rod
Sensor so the square bottle just fits between them.
Line up the pen light and the sensor so the light \ f
goes in a straight line through the bottle to the Bottle
sensor.
Put strips of tape on the table to trace the position ofthe ~  gegr————y| .. ...

square bottle.

Other equipment
setups can be used. \

Light Sensor

34 © 1999 PASCO scientific TG: S04



Teacher’'s Guide Earth Science Labs with Computers
Part 1 S04: Clarity and Turbidity in Water

3. Use a cardboard box to make a “light shield” that can fit over the pen light, square bottle,
and sensor.

— Box in
Option: Use a DN perspective
cloth draped view

over the setup.

Cut-outs for the Light
Sensor and the pen light.

Pen light Light Sensor

:lllllllllllllr

Outline of box

[ ] B. Set Up the Experiment

Computer Setup
1. Connect the sensor into Analog Channel A orSitienceWorkshoipterface.

2. Open the file titled as shown:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S04 Clarity.ds S04 Clarity S04 CLAR.SWS

. The DataStudidfile has a Workbook display. Read the instructions in the Workbook. The
ScienceWorkshdiile has a Table display. Data recording is preset to stop at 60 seconds.

Sensor Calibration

. Calibrate the Light Sensor using the pen light. Put clear water in the square bottle. Let the
light transmitted through the clear water be “100% intensity”.

| [V] Remember, for more detailed information see ~ Appendix A . |
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[ ] C. Do the Experiment
. For the first part of your data collecting, measure the turbidity of the water sample.

. For the second part of your data collecting, use the Light Sensor and pen light to measure the
clarity of the water.

Data Recording Part 1: Turbidity
1. Put about 800 mL of your water sample in a beaker.

2.  Look down through the graduated cylinder at the Secchi disk symbol. Slowly pour some of
the water from the beaker into the cylinder. Keep looking at the Secchi disk symbol as you
pour the water.

| Line of sight

—_—
1
1
: / Encourage your
: students to be
: patient.
I | cylinder
i

— T

Water sample : Secchi

1 symbol
1

|

3. When you can barely see the symbol through the wsttgyfor a moment. Let the water
become still. If you can see any of the symbol through the water, slowly pour more water
into the cylinder until you can't see the Secchi disk symbol any more.

4.  Record the depth of the water at which you could no longer see the Secchi disk symbol.
Put you data in the Lab Report section.
Data Recording Part 2: Clarity

1. Pour 100 mL of your water sample from the
beaker into the square bottle. Turn on the
pen light. Place the square bottle exactly
between the Light Sensor and the pen light.
Cover the sensor, bottle, and light with the
cardboard box “light shield”.

2.  Start recording data. After data recording
stops automatically, remove the box and tham
bottle, but leave the pen light “on”. Empty
and clean the square bottle.
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Data Recording Part 2 (continued)

Repeat the data recording process two more times.

3.

Make a second water sample by putting 50 mL of your original water sample into a clean
graduated cylinder. Add 50 mL of clear water. Pour sample #2 into a clean beaker and mix
thoroughly. Clean the graduated cylinder. Measure the turbidity and clarity of this second
water sample. After measuring, clean the beaker, cylinder, and square bottle.

Remember: Measure the turbidity using the Secchi disk symbol. Measure the clarity using the Light
Sensor and the pen light.

Line of sight

Cylinder

L—T—

! Secchi

symbol

-

Note: The second water sample is diluted 1: 1:1 (50%).

Make a third water sample by putting 33 mL of your original water sample into a clean
graduated cylinder. Add 67 mL of clear water. Repeat the data recording process.

Note: The third water sample is diluted 1:2 (33%).
D. Analyze the Data
Use the Table display to examine each run of data.

Hint: Drag data runs to the Table display in  DataStudio to add data runs to the Table. Use the ‘Add
Column’ menu in  ScienceWorkshop to add data runs to the Table.

Determine the average intensity of light that was transmitted through each sample of water.
Record the average intensity of light for each sample.

Write your conclusions and answers in the Lab Report.
Record your results in the Lab Report section.
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Lab Report — Activity S04: Clarity and Turbidity in Water

Name G
Report—

Class

Date e —

[ ]What Do You Think?
What is the relationship between the clarity and turbidity of water in a natural system?
Answers will vary. Students may predict that the clarity of water is dependent on the turbidity of
the waterandthat the clarity increases as the turbidity decreases.

[ ]Analyze the Data

1. Use the Table display to determine theanof the light intensity (% max) for each sample
of water you tested.

2. Record the light intensity (% max) for each sample of water.

Data Table
Sample Turbidity (depth of water in cm) Clarity (% max of light intensity)
1 (undiluted) 2.0 17.0
2 (1:1) 5.1 67.2
3(1:2) 10.5 88.2
[ ] Conclusion

1. How does your hypothesis (answer to “What Do You Think?”) compare with the results?
Answers will vary. One conclusion is that the clarity of water is dependent on the turbidity
of the water, and that the clarity increases as the turbidity decreases.

[ ] Questions
1. Why s it important that sunlight be able to be transmitted through the water?

It is important that sunlight can be transmitted through water because aquatic plant life

depends on sunlight for the energy used during photosynthesis. The less light, the less

photosynthesis, and the slower the plant grows. If plant life decreases, other aquatic life
may decrease as well.

2. What might improve the clarity of the water in a natural system?
Answers will vary. One of the things that can improve the clarity of water in a natural
system is an abundance of vegetation on the watershed to limit runoff.
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3.

Predict how the turbidity of water in a natural system might be different at different times
of the year. Explain your reasoning.

The turbidity of the water may vaay different times of the year due to the changes in

weather with the seasons. During the rainy season, more runoff may flow into the stream

and increase the turbidity.

Optional: If you collected your water from a natural source, describe your field site: Do streams,

ditches, or drains feed into your site? Is there new construction or bare soil that might
easily erode? What features might contribute to the turbidity?

Complete the following:

VOCABULARY |

clarity: Clarity is a measure of how clear something is, or a measure of how much light can be

transmitted through the substance.

erosion: Erosion is the movement of weathered material by wind, water, gravity, and ice.

suspension: The state of a sustance when its particles are mixed with but undissolved in a liquid.

turbidity: Turbidity is the cloudiness of water resulting from suspended material in the water. Turbidity is

also a unit of measurement quantifying the degree to which light traveling though water is
scattered by suspended material.

40
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Teacher’s Notes — Activity S04: Clarity and Turbidity in Water

Time Estimates |Preparation: 30 min Activity: 30 min (plus travel time)

Objectives

Students will be able to...

e use a Secchi disk symbol and graduated cylinder to measure the turbidity of water

» use the Light Sensor to measure the relative intensity of light transmitted through a sample of water
» describe the relationship between the clarity and turbidity of water

Notes

If it is not possible to collect a water sample, make muddy water by adding a small amount of
dirt to several liters of water.

Safety

The premiere challenge in tk®LLECT part of this activity is SAFETY. Equally challenging is
transportation to and from the water source.

Setup

A pen light works well as a light source because the bulb is small and it is easy to line up the
bulb with the opening of the Light Sensor. If you do not have a penlight, it may be possible to
use a small “Mag Lite”-type flashlight. Remove the lens holder and lens to expose the small
bulb.

The Light Sensor and penlight must be carefully aligned for an accurate measurement of clarity.
The diagrams for this activity show one way that the sensor and light source can be mounted
using clamps, a rod, and a base and support rod.

Use the cardboard box or a dark-colored cloth as a light shield to keep the sensor from being
saturated by ambient light.

Data Recording

There are two different measurements recommended in the activity: one measurement of
turbidity (the depth of water in the graduated cylinder at which the Secchi disk symbol is no
longer visible), and one measurement of clarity (the relative intensity of the light that travels
through a sample of water).

Analyze the Data

Water that obscures the view of the Secchi disk symbol at a depth of only a few milliliters is very
low in clarity while water that allows you to still see the Secchi symbol when the cylinder is
almost full has much higher clarity.

Extensions

Measure the clarity and turbidity of common household liquids or popular soft drinks using the
procedure described above.
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DataStudio Sample Data

N=———————tlaritvy=———— P B
g i3 Data w |

4 Light Intensity, Cha

M Light Intensity, Chi
2. Sample wWater 1:1

Light Intensity, Chi

1. Sample water 1:0 I, Sample wWater 12

Light Intensity Light Intensity Light Intensity
(% rnax) (% rnax) (% rnax)
&1.0 778 956
&0.9 T8.0 5.6
&1.0 721 3.7
Fean 0.9 Fean TG Fean 9.2
22

Secchi Disk Symbol

© 1999 PASCO scientific

TG: S04



Teacher’'s Guide Earth Science Labs with Computers

Part 1 S05: Reducing Turbidity in Water
Procedure Outline — Activity SO5: Reducing Turbidity in Water

* This activity has two parts: a COLLECT part and a LAB part.
Equipment Needed Qty Per Student
Light Sensor (CI-6504A) 1 Personal flotation device
Balance, Triple Beam (SE-8723) 1 Rubber boots (or waders)
Base & Support Rod (ME-9355) 1 Protective gear
Bottle, square, clear, ~500 mL 3
Clamp, Buret (SE-9446) 2 Chemicals and Consumables Qty
Clamp, Multi (SE-9442) 1 Aluminum sulfate (Al ,(SO,),) 59
Container, ~ 3 L 1 Calcium oxide (CaQ) 25¢g
Graduated cylinder, 100 mL 1 Iron (1) chloride (FeCl ) 2549
Light source, DC (e.g., pen light) 1 (ardboard box, ~15 by 15 by 12 cm 1
Knife 1 Label 3
Marking pen 1 Water (muddy) 2L
Rod, Lab Stand, 45 cm (ME-8736) 1 Weighing paper 3

| VOCABULARY I floc | flocculation | gelatinous | sedimentation |

What Do You Think?

How does the rate of reducing turbidity in water by sedimentation (allowing suspended matter to
settle) compare to the rate of reducing turbidity by flocculation (using chemicals to remove
 suspended matter)?

%I | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

One of the first steps in making water safe to drink is to remove any suspended
matter from the water. Because much of the suspended matter in water settle

the bottom if allowed to set undisturbed, a water treatment plant puts water in
holding areas for several hours. Some of the suspended matter sinks to the bhottom,
leaving the top portion of water less turbid. This processdémentation

Smaller particles of suspended matter may not settle to the bottom no matter
much time the water sets undisturbed. In order to remove these smaller parti
water treatment plants use a process célibedulation. Chemical such as
aluminum sulfate (“alum”) or a mixture of calcium oxide (“lime”) and iron
chloride are added to the water. These chemicals form fluffy, gelatinous solid
called floc. As the floc forms it gets larger and heavier and sinks to the bottom.

As floc drifts downward, the smaller particles of suspended matter clings to it. Once the floc
arrives at the bottom, the top portion of the water is less turbid. Both processes may be used to
remove suspended matter from water. Neither process harms the water.

You will collect some muddy, turbid water. You will measure how fast sedimentation makes the
muddy water become clearer compared to how fast flocculation makes the muddy water become
clearer.
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SAFETY REMINDERS (COLLECT)

. Wear a personal flotation device (life jacket) when collecting water samples for this activity.

o Wear clothing that is appropriate for the outdoor part of this activity.

SAFETY REMINDERS (LAB) )

. Wear protective gear while handling chemicals. . @
. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.

Procedure Outline

In this activity, use the Light Sensor to measure the clarity of the water sample .-~~~
You will let one container set undisturbed so the rate of reducing turbidity by | s e
sedimentation can be measured. You will add aluminum sulfate to a second ===

container, and a mixture of calcium oxide and iron chloride to the third contain s s s
order to measure the clarity due to flocculation.

[V] Remember, for more detailed information see  Appendix A .

[ ] Pre-Lab: Collect the Sample

. Use a container to collect about 2 liters of non-clear water from a river, lake or pond. Put a
label on the container and mark the label with the location of the water source.

Alternate Procedure: Add a small amount of dirt to 2 liters of water and shake vigorously to thoroughly mix
the dirt and water.

[ ] A. Set Up the Equipment

1. Inthe lab, measure out 5 g of aluminum sulfate -
(alum), 2.5 g of iron chloride, and 2.5 g of &0 e Base &
calcium oxide (lime) onto individual weighing support rod
papers.

Bottle

2.  Label the three square bottles. Label one bottle
“CONTROL", a second bottle “ALUM”, and a :
third bottle “IRON CHLORIDE + LIME”". (S

3. Use a base and support rod, a lab stand rod, a
multi-clamp (right-angle clamp), and two buret

clamps to make a stand for the penlight and block
Light Sensor.

4. Adjust the position of the pen light and the 15, yjew Multi-
Light Sensor so the square bottle just fits clamp

between them. Line up the penlight and the
sensor so the light goes in a straight line
through the bottle to the sensor. When the Lighguret |
Sensor, bottle, and penlight are lined up, put @™
strips of tape on the table to trace the position
of the square bottle.

Light Sensor
Bottle
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5. Use a cardboard box to make a “light shield” that can fit over the penlight, square bottle,
and sensor.

Box in
perspective
view

Cut-outs for the Light
Sensor and the pen light.

Light Sensor

:lllllllllllllr

Outline of box

[ ] B. Set Up the Experiment

Computer Setup

1. Connect the Light Sensor DIN plug into Analog Channel A on
the ScienceWorkshoipterface.

2. Open the file titled as shown: y

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S05 Turbidity.ds S05 Turbidity S05 TURB.SWS

. The DataStudidfile has a Workbook display. Read the instructions in the Workbook. The
ScienceWorkshofile has a Digits display and a Table display. Data recording is preset to
stop at 30 seconds.

Sensor Calibration

3.  Calibrate the Light Sensor using the pen light. Put clear water in the square bottle. Let the
light transmitted through the clear water be “100% intensity”.

[V] Remember, for more detailed information see ~ Appendix A .
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[ ]
1.

a)
b)
c)

2.

C. Do the Experiment
Set up the water samples:
Fill each of the three square bottles with 500 mL of muddy, turbid water.
Add 5 g ofaluminum sulfatéo the bottle labeled ALUM.

Add 2.5 g ofiron chlorideand 2.5 g otalcium oxideo the bottle labeled IRON
CHLORIDE + LIME.

Shake the bottle labeled CONTROL. Turn on the pen light. Put the bottle exactly between
the Light Sensor and pen light. Add the cardboard “light shield” over the sensor and light.

Data Recording Part 1: Beginning

3. E)Nfstlen you are ready, record the amount of transmitted light for the water sample in the
ottle.
4.  Repeat the process for the bottle labeled ALUM, and then for the bottle labeled IRON
CHLORIDE + LIME.
Data Recording Part 2: After 30 Minutes Challenge your
5. Allow the three bottles to sendisturbedfor 30 minutes. tsr:lédperrtl)tslé%z.inalyze
6. Repeat the measurement of transmitted light for each bgttfe.

Do you need to make the measurement in the same order: CONTROL, then ALUM, then
IRON CHLORIDE + LIME?

| NOTE: Move the bottles very carefully. Don’t shake them or swirl the water. |

Data Recording Part 3: After Overnight Rest

7.
8.

46

Allow the three bottles to sehdisturbedovernight.
Repeat the measurement of transmitted light for each bottle.
Dispose of the water samples as instructed.
D. Analyze the Data
Use the Table display to examine each run of data.

Hint: Drag data runs to the Table displayDataStudioto add data runs to the Table. Use
the ‘Add Column’ menu irscienceWorkshoi add data runs to the Table.

Determine the average intensity of light that was transmitted through each sample of water
at each of the three times. Record the average intensity of light for each sample.

Record the light intensity (% max) for each sample of water for each of the three times.
Record your results in the Lab Report section.
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Lab Report — Activity SO5: Reducing Turbidity in Water

Name

Class

Date

[ ]What Do You Think?

How does the rate of reducing turbidity in water by sedimentation (allowing suspended matter to
settle) compare to the rate of reducing turbidity by flocculation (using chemicals to remove
suspended matter)?

Answers will vary. Students mpredicat that the flocculation method is faster than the
sedimentation method.

[ ]Analyze the Data

1. Use the Table display to determine tineanof the light intensity (% max) for each sample
of water for each of the three times.

2. Record the light intensity (% max) for each sample of water for each of the three times.
Data Table (Light Sensor)

Trial # | Sample Time Clarity (% max light intensity)
1 CONTROL beginning 20.1
2 ALUM beginning 20.4
3 IRON CHLORIDE + LIME beginning 1.38*
4 CONTROL after 30 min. 30.6
5 ALUM after 30 min. 75.8
6 IRON CHLORIDE + LIME after 30 min. 45.4
7 CONTROL after overnight 69.6
8 ALUM after overnight 100
9 IRON CHLORIDE + LIME after overnight 99.5

*The iron chloride/lime combination clouded the water at the very beginning. The iron
chloride/lime combination produced the most sediment on the bottom of the bottle.

[ ] Conclusion

1. How does your hypothesis (answer to “What Do You Think?”) compare with the results?
Answers will vary. One conclusion is that either of the flocculation methods is faster than
the sedimentation method.
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[ ] Questions

1. How does sedimentation (the CONTROL) compare to flocculation for the rate of clarifying
water?

Answers will vary. In this case, flocculation clarifies the water faster than sedimentation. In fact,

the aluminum sulfate completely clarified the water overnight.

2. Which chemical (ALUM or the IRON CHLORIDE + LIME) clarified the water more
rapidly?

Of the chemicals used, the alum (aluminum sulfate) clarified the water more rapidly.

Complete the following:

VOCABULARY |

floc: Floc is a jelly-like substance formed when certain chemicals are combined in water.

flocculation: Flocculation is a method of reducing turbidity in water that uses chemicals to capture smaller
particles of suspended matter.

gelatinous: Gelatinous materials are glue-like or jelly-like.

sedimentation: Sedimentation is a method of reducing turbidity in water in which gravity causes larger
particles of suspended matter to settle to the bottom of the water.
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Teacher’s Notes — Activity S05: Reducing Turbidity in Water

Time Estimates | Preparation : 30 min | Activity : 45 min and overnight

Objectives

Students will be able to...

» use the Light Sensor to measure the relative intensity of light transmitted through a sample of water

» compare the rate at which different methods (sedimentation and flocculation) reduce turbidity in water

Notes

This activity has two parts:@LLECT part and aAB part

Safety

TheLAB part of this activity involves chemicals. Please review safety procedures.

Iron chloride has a shelf life of about one year, so check the freshness of the chemicals you use.

The premiere challenge in te®LLECT part of this activity is SAFETY. Equally challenging is
transportation to and from the water source.

If it is not possible to collect a water sample, make muddy water by adding a small amount of
dirt to several liters of water.

Setup

A pen light works well as a light source because the bulb is small and it is easy to line up the
bulb with the opening of the Light Sensor. If you do not have a penlight, it may be possible to
use a small “Mag Lite"-type flashlight. Remove the lens holder and lens to expose the small
bulb.

The Light Sensor and penlight must be carefully aligned for an accurate measurement of clarity.
The diagrams in the Procedure Outline and Procedure Details for this activity show one way that
the sensor and light source can be mounted using clamps, a rod, and a base and support rod.

Use the cardboard box as a light shield to keep the sensor from being saturated by ambient light.

NOTE: The recommended amount of dirty water to use is 500 mL. If your students use a
different amount of water, change the amount of alum and the amount of iron chloride and lime
proportionally.

Data Recording
There are three measurements recommended in the procedure outline for this activity:

» 1st: measure how much light is transmitted through each sample of water just after the water is
shaken,

» 2nd: measure the light after each sample settles for 30 minutes
» 3rd: measure the light after the samples settle overnight.

Remind your students to use the same sequence for each measurement (1st = CONTROL, 2nd =
ALUM, 3rd = IRON CHLORIDE + LIME). This helps assure that the amount of time between
measurements for each sample is roughly the same.

The chemicals in this activity can be diluted with water and poured into a drain.
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Extension
Filtration vs Sedimentation vs Flocculation

Pour the muddy water through a paper filter. Measure the total time it takes for the water to
move through the filter, and then measure the clarity of the filtered water.

Filtration is more time consuming than sedimentation. Water must flow through a filter and the
more material the filter traps, the longer it takes for the water to flow. During sedimentation, all
of the water is being cleared at the same time.
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Procedure Outline — Activity S06: pH of a Natural Water System

* This activity has two parts: a COLLECT part and a LAB part.

Equipment Needed Qty Per Student Qty
ScienceWorkshop™ 500 Interface 1 Personal flotation device 1
pH Sensor (CI-6507) 1 Rubber boots (or waders) 1pr
Beaker, 250 mL 3 Protective gear 1 set
Bottle, clear plastic, ~ 500 mL 5 Consumables Qty
Marking pen 1 Buffer solution: high pH 100 mL
Wash bottle 1 Buffer solution: low pH 100 mL
Water sampling pole with container 1 Water, distilled 1L

| VOCABULARY | acidic (pH) | acidification basic (pH) deutral (pH) |

What Do You Think?
What is the pH at different sections of a natural water system and is there a variation in the pH?

Background

The pH of a water system depends on various natural conditiof
and the interaction of humans in the environment. It is importar
understand the pH because the aquatic life can only be sustair]
within a narrow pH range.

Most aquatic life depends on water that has a pH range between 5 and 9. Water with pH outside
that range is unable to sustain life.

Rainwater has a natural tendency to be slightly acidic. Rainfall accumulates in natural water
systems causing a sligatidification. Rainfall that percolates through dense forest litter and
bogs also has a tendency to be namieic because of the interaction of the rainwater with the
organic material. In other situations where chalk and limestone are abundant, the water has a
tendency to be moreasic This is a result of the water mixing with the calcium carbonate found
in these regions to make calcium hydroxide which is a base.

Throughout nature, acids and bases are abundant and they are continuously neutralizing each
other allowing our natural water systems to remain in the 5-9 pH range.

You will collect some water samples from different parts of a natural water system. In the lab
you will use a pH Sensor to measure the pH of each water sample.

SAFETY REMINDERS (COLLECT)

. Wear a personal flotation device (life jacket) when collecting water samples for this activity.
o Wear clothing that is appropriate for the outdoor part of this activity.

SN SN NN
SAFETY REMINDERS (LAB) H D\)\) } AN
. Wear protective gear while handling chemicals. \/lﬂhl @
. Follow directions for using the equipment.
o Dispose of all chemicals and solutions properly.
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Procedure Outline

In the COLLECT part of this activity, collect water samples from different parts ¢ ‘-
water system. In theaB part of this activity, use the pH Sensor to measure the sresiss asss
of collected water samples. Calibrate the pH Sensor before you use it to mea " ==

T i e P

pH. kv
[V] Remember, for more detailed information see  Appendix A .
COLLECT
[ ] A. Set Up the Collecting Equipment
1. Before going out, clean the sample bottles and rinse them with distilled water. Label the
first sample bottle SITE #1. Label the other sample bottles SITE #2, SITE #3, SITE #4,
and SITE #5.
[ 1] B. Collect the Samples
2. Goto a collection site. Record the following for the site in the Report:
e date o time » location »  weather conditions
3.  Use the sampling pole to fill the container samplin
with water. Fill the container from a point as ote 0
far from shore as possible.
a. extend the sampling pole straight out over the
water collected
b. rotate the pole so the mouth of the collecting water
container points down
C. gently lower the container vertically into the water bottle
until the container is fully submerged
d. slowly rotate the sampling pole 90 degrees until —
the mouth of the container is horizontal
e. continue to rotate the container until the mouth
points up and gently lift the container out of the
water
—_—
f. pour the water from the container into the first flow direction
sample bottle
4.  Repeat the previous steps for collecting water samples at four more sites.

52
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LAB
[ ] C. Set Up the Lab Equipment

1. Connect the pH Sensor DIN plug into Analog Channel A oistienceWorkshop
Interface. Connect the BNC plug to the BNC connector.

2.  Set up the equipment to calibrate the pH Sensor. To
calibrate the pH Sensor you will need the following: wash
bottle, distilled water, three beakers, buffer solutions of
high pH (e.g. pH 10) and low pH (e.g. pH 4), pH SensoT

3.  Put 100 mL of the high pH buffer solution in one beaker
Put 100 mL of the low pH buffer solution into a second |
beaker. Put 100 mL of distilled water into the third beaker.
Put distilled water into the wash bottle.

Q)

IIII?II

[ ] D. Set Up The Experiemnt
1. Connect the sensor to the interface. RathStudioor ScienceWorkshoand open the file

as follows:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S06 pHof a Stream.DS S06 pH of Water S06 PH.SWS

. The file opens with a Digits display and a Table display. The sampling options are set to
measure the pH once per second. Data recording is set to stop automatically after 30
seconds.

2.  Use the beakers, buffer solutions, and wash bottle to calibrate the pH Sensor.

NOTE: See APPENDIX A for details on how to calibrate the pH Sensor. |

[ 1] E. Do the Experiment

1. Putthe pH Electrode into the water in one of the sample bottles. Measure the pH of the
water. Remove the pH Electrode and rinse it with distilled water.

2.  Repeat the previous steps for the remaining water samples.

[ ] F. Analyze the Data

1. Examine each run of data in the Table display to determine the average pH value of each
sample of water. Record the average pH value of each sample.

2. Record your conclusion and answer the questions in the Report.
Record your results in the Lab Report section.
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Lab Report — Activity S06: pH of a Natural Water System

Name G
Report —

Class

Date

[ ]What Do You Think?
What is the pH at different sections of a natural water system and is there a variation in the pH?
Answers will vary. Students may predict that the pH of a stream does not vary significantly from
one part of the stream to another.

[ ]Analyze the Data
1. Use the Table display to determine thieanof the pH for each sample of water.
2. Record the pH value for each sample of water.

Data Table (pH of a Stream)

Date Time Location \Weather Conditions pH
fast moving water #1 7.2
fast moving water #2 7.2
slow moving water #3 7.1
slow moving water #4 7.1
slow moving water #5 7.1
[ ] Conclusion

1. How does your hypothesis (answer to “What Do You Think?”) compare with the results?
Answers will vary. One conclusion is that the pH of the stream does not vary significantly
from one part of the stream to another.
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[ ] Questions

1. Based on the pH data you recorded, could this stream support aquatic life? Why or why
not?

Answers will vary. If the stream is polluted, it is possible that the pH level would be lower
than 5 or higher than 9, and that the stream could not support aquatic life.

2. What factors do you think may influence the pH of the water in the stream?
Answers will vary. One factor that influences pH of the water in the stream is the
chemicals in runoff that enters tbream .

Complete the following:

VOCABULARY |

acidic (pH): Acidic substances have a pH value lower than 7 and are sour tasting.

acidification: Acidification of a natural body of water occurs when substances of lower than natural pH
enter the water.

basic (pH): Basic substances have a pH value higher than 7 are are bitter tasting.

neutral (pH): Neutral substances have a pH value of 7.
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Teacher’s Notes — Activity S06: pH of a Natural Water System

Time Estimates |Preparation: 30 min Alctivity: 30 min plus travel time

Objectives

Students will be able to...

» calibrate a pH Sensor

» use the pH Sensor to measure the pH value of water samples

» predict whether aquatic life can live at the pH level of the stream from which the water samples were
taken

» suggest factors that influence the pH of the stream
Notes

This activity has two parts:@LLECT part near water andLaB part. Please review safety
procedures.

Safety

The premiere challenge in te®LLECT part of this activity is SAFETY. Equally challenging is
transportation to and from the water source.

TheLAB part involves chemicals (buffer solutions).
Setup
Clear plastic water bottles can be used for holding the water samples.

Once the measurements are made, the solutions can be flushed down the drain with large
amounts of water. For information on the handling and disposal of chemical solutions, check in
the Flinn Scientific catalog. Flinn can be reached at 1-800-452-1261.

Vernier Software sells pH Buffer capsules that can be used to make buffer solutions. Each set
contains two capsules for pH buffers 4, 6, and 10 and four capsules for pH buffer 7. These
capsules, when added to 100 mL of distilled water, provide reliable buffers for calibrating the pH
Sensor. Order code PHB for about $10. Call 503-297-5317.

Flinn Scientific also sells various buffer solutions.

You can prepare pH buffer solutions as follows:

pH4 Add 2.0 mLof0.1 MHClto 1L of 0.1 M potassium hydrogen phthalate.

pH7 Add582 mL of 0.1 M NaOH to 1 L of 0.1 M potassium dihydrogen phosphate.
pH 10 Add 214 mL of 0.1 M NaOH to 1 L of 0.05 M sodium bicarbonate.

Extension

Make measurements of the pH of water collected from the stream after a rain storm.

If the stream is near agricultural land, make measurements of the pH of water collected from the
stream at different times during the growing season.
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Procedure Outline — Activity SO7: Acid Rain
Adapted from Chemistry with Computers, by Dan D. Holmquist and Donald L. Volz,
distributed by Vernier Software, 8565 S.W. Beaverton Hillsdale Hwy., Portland, OR
97225, (503) 297-5317.
Equipment Qty  [Consumables Qty
pH Sensor (CI-6507) 1 Buffer solution: high pH 100 mL
Base & Support Rod (ME-9355) 1 Buffer solution: low pH 100 mL
Beaker, 250 mL 3 Sodium hydrogen carbonate, solid 59
Beaker, 100 mL 4 Sodium hydrogen sulfite, solid 549
Beral-type pipette, 15 cm stem 3 Sodium nitrite, solid 59
Beral-type pipette, 2 cm stem 3 Water, distilled 1L
Beral-type pipette with 1.0 molar HCI 1 Water, tap 12 mL
Clamp, Buret (SE-9446) 1
Test tube, 20 x 150 mm 1 Per Student Qty
Wash bottle 1 Protective gear 1 set
[ VOCABULARY | carbonic acid | nitric acid | sulfurous acid |

What Do You Think?

What isacid rain and what causes it? How mudmange in pH in wateris caused by different
gases such as carbon dioxide and nitrogen dioxide? What is the pH of rainwater locally?

l%l | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Water vapor in the air can combine with other gases found in the air. You
be surprised to learn that rain water is slightly acidic. One reason is that

pH value of rain water is usually between 6.0 and 6.9. Rainfall accumulat
rivers and streams causing a slight acidification.

Other gases found in the air can also combine with water vapor to form “acid rain”. For example,
gases in automobile exhaust and other gases given off by combustion of fossil fuels can combine
with water vapor to form sulfurous acid, nitrous acid, and nitric acid.

Carbonic acid is formed when carbon dioxide gas,jCO
dissolves in rain droplets of unpolluted air:

CO2(g) + H20() =====> H2CO3(aq)

Nitrous acid and nitric acid result from a common air pollutg
nitrogen dioxide (NG. Most nitrogen dioxide in our
atmosphere is produced from automobile exhaust. Nitrogen
dioxide gas dissolves in rain drops and forms nitrous and nlt
acid:

=

2 NOz(g) + H20()) =====> HNQz(ag)+ HNO3(aq)

Sulfurous acid is produced from another air pollutant, sulfur dioxide)(3st sulfur dioxide
gas in the atmosphere results from burning coal containing sulfur impurities. Sulfur dioxide
dissolves in rain drops and forms sulfurous acid:

SO2(g) + H20() =====> HSOz(aq)
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If large amounts of these gases are in the air, the pH of rain water can drop drastically. Rainfall
of low pH values directly affect the aquatic life in the rivers and streams where this water
accumulates. Acid rain can also cause damage to plant life.

This activity has two parts:l2AB part and aptional COLLECT part. In the lab you will use a

pH Sensor to measure the change in the pH in some water as the water absorbs different kinds of
gases such as carbon dioxide, nitrogen dioxide, and sulfur dioxide. In the optional part of this
activity, you will collect rainwater and measure its pH.

SAFETY REMINDERS (LAB) )
. Wear protective gear while handling chemicals. ﬂ @

. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.

SAFETY REMINDERS (COLLECT)

o Wear clothing that is appropriate for the outdoor part of this activity.

Procedure Outline
In the lab you will make thregas generatorgone each for carbon dioxide, nitroger ==

dioxide, and sulfur dioxide). You will bubble the gas from your gas generators Mooy
through water, and use the pH Sensor to measure the change in pH of the wate |7 222
absorbs the gas. The change in pH created by the carbon dioxide gas will be | ===

compared to the change caused by sulfur dioxide and nitrogen dioxide.

| [V] Remember, for more detailed information see ~ Appendix A .

[ ] Pre-Lab: Calibrate the pH Sensor

Use three beakers (100 mL), the buffer solutions, distilled water, and the wash bottle to calibrate
the pH Sensdbeforeyou use it to measure pH.

| (NOTE: SeeAppendix Afor more information about how to calibrate the pH Sensor.) |

[ ] A. Set Up the Equipment
Overview

Fill three Beral-type pipettes with three different compounds (sodium hydrogen carbonate,
sodium hydrogen sulfite, and sodium nitrite). Each of these compounds produces a different gas
when hydrochloric acid is added (carbon dioxide from the sodium hydrogen carbonate, sulfur
dioxide from the sodium hydrogen sulfite, and nitrogen dioxide from the sodium nitrite).

Add a small amount of hydrochloric acid to each pipette, and transfer the gas it produces to a test
tube with water and the pH Sensor in it. Use the pH Sensor to measure the change in pH as the
water absorbs the gas.
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[ 1 Prepare the gas generators.

1. Label threeshort-stenBeral pipettes with the formula of the solid they will contain:
“NaHCOg3” (for sodium hydrogen carbonate), “NaMTfor sodium nitrite) and “NaHS&)
(for sodium hydrogen sulfite).

2. Label thredong-stenmBeral pipettes with the formula of the gas they will contain: YQ&r
carbon dioxide), “N@’ (for nitrogen dioxide) and “S@ (for sodium dioxide). Use the 100
mL beaker to support the pipettes.

3. Your teacher will supply a beaker containing powdered Nag{8@lium hydrogen
carbonate). Squeeze the bulb of shert-stenpipette labeled “NaHC$ to push the air
out of the bulb. Place the open end of the pipette into the powdered NaREl®ase the
bulb to draw some of the powdered NaH{3Qo the pipette. Draw the powder into the
pipette until there is just enough powder to fill the curved end of the bulb of the pipette
when you hold the pipette with the bulb end down (see the diagram).

Fill to this
level.

IRl hld bl

N

Push out the air. Release the bulb.

4. Repeat the previous step to fill the “Nap@nd “NaHSQ” short-stenBeral pipettes with
the corresponding powdered compounds.

5. Get a Beral pipette with 1.0 Molar hydrochloric acid
(HCI) from your teacher.

. (Caution: HCl is a strong acid. Hold the pipette gently, with
the stem pointing up, so that HCI drops do not escape.)

Squeeze the

V
=/ buib gently.

- - Pipette
Insert the narrow stem of the HCI pipette into the largef with HCI

opening of the pipette with the NaHG(3ee the

diagram.) Gently squeeze the HCI pipette to add abouf g@fmmr
drops of HCI solution to the powdered NaH§O pipette

When finished, remove the HCI pipette.
Gently swirl the pipette that contains NaHC&d HCI.

Add about
20 drops.

Carbon dioxide gas, CQis generated in this pipette. Place the pigatte downin the
100 mL beaker to prevent spillage.

6. Repeat this same procedure to add HCI to the pipette with the powdered Nad&0OmM
hydrogen sulfite). Sulfur dioxide, SOis generated in this pipette. Place this pipetie
downin the 100 mL beaker to prevent spillage

7. Repeat this procedure a third time to add HCI to the powdered Nabhidlum nitrite)pipette.
Nitrogen dioxide, N@, is generated in this pipette. Return the HCI pipette to your teacher.
Leave the three gas-generating pipettes in the 100 mL beaker until needed.
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[ 1 Set up the pH Sensor

8. Attach a 2k 150 mm test tube to the base and support rod using a clamp. Add about 4 mL of
tap water to the test tube. Rinse the pH Electrode with distilled water and place the electrode
into the tap water in the test tube.

[ 1] Collect the gas

9. Squeezall of the air from the bulb of the
long-stenpipette labeled “C@. Keep the
bulb completely collapsed and insert the long
stem of the pipette down into the gas- —_—\ | ( P
generating “NaHC@ pipette. The tip of the '
long-stem pipette should not touch the liquid Long-stem
in the “NaHCQ” pipette (see the diagram). pipette
Release the pressure on the bulb so that it
draws gas up into it. Store the long-stem
pipette and the “NaHC# pipettebulb down ///\
in the 100 mL beaker. , h\ t

ush ou

10. Repeat the procedure using the “NaNénd ALL the air.
“NO2" pipettes and the “NaHSfDand “SOGy-
pipettes.

Release the
bulb to draw
in the gas.

Gas
generator

[ ] B. Set Up the Experiment
1. Connect the sensor to the interface. RataStudioor ScienceWorkshognd open the file

as follows:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S07 Acid Rain.DS S07 Acid Rain S07 PH.SWS

. The file opens with a Digits display, a Graph display, and a Table display. Data recording
Is set to stop automatically at 100 seconds.

2. Calibrate the sensor. (Remember: See Appendix A for more information.)

[ ] C. Do the Experiment

1. Insert the long-stem pipette labeled “£@to the test tube, alongside the pH
sensor, so that its tip extends into the water at the bottom of the test tube.

2. Begin recording data. After 15 seconds, gently squeeze the bulb of the pipette so
that bubbles of C®slowly bubble up through the solution. Use both hands to
squeezall of the gas from the bulb. Data recording automatically stops at 100
seconds.

3. Rinse the pH Electrode thoroughly with distilled water and return it to the sensor
storage solution.

4. Discard the contents of the test tube as directed by your teacher. Rinse the test tube
thoroughlywith tap water.

Add 4 mL of tap water to the test tube.
Repeat the data recording process using 3.

124

Repeat the data recording process usingda. ﬂ

© N o o

When you are finished, rinse the pH Electrode with distilled water and return it to thew
sensor storage bottle. Dispose of the six pipettes as directed.
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[ ] D. Analyze the Data

1. Examine each run of data in the Table display to determine the minimum pH value and
maximum pH value for the water for each gas. Record the values.

2. For each of the three gases, calculate the change in pH and record it.

3. Record your conclusion and answer the questions in the Report.
Record your results in the Lab Report section.

Collect (Optional)

What is the pH oyourlocal rainwater?

1. Rinse all glassware with distilled water.

2. Collect water in a rain gauge and pour the water from the rain gauge into a glass beaker.
3. Use the pH Sensor to measure the pH of the rainwater.

4. Examine the data and record theanpH value.

5.  Answer the questions in the Report.
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Lab Report — Activity S07: Acid Rain

Name
Class

Date

[ ]What Do You Think?

RPN ir T
Heport—

QUESTIONS.—

What isacid rain and what causes it? How mudhange in pH in wateris caused by different
gases such as carbon dioxide and nitrogen dioxide? What is the pH of rain water locally?

Answers will vary. Acid rain occurs when gases such as carbon dioxide and nitrogen dioxide

dissolve in water droplets in the atmosphere and fall to the eaheafpiation. Students may

predict that nitrogen dioxide will cause more change in the pH of water than carbon dioxide gas.

[ ]Analyze the Data

1.

2.

Use the Table display to determine the minimum pH value and maximum pH value for the
water for each gas.

For each of the three gases, calculate the change in pH by subtracting the minimum pH
from the maximum pH.

DATA TABLE (Acid Rain)

Gas Minimum pH Maximum pH Change in pH
carbon dioxide, CO 6.5 7.2 0.7
nitrogen dioxide, NO 3.4 7.0 3.6
sulfur dioxide, SO , 3.9 6.6 2.7
3. Use the Graph display to see how much pH Change
the pH changes for each gas. b a ]
o
4.  For each of the three gases, sketch the 27 Carbon
change in pH. pH I dioxide
DI
]
o]
I Nitrogen
pH %] dioxide
b & ]
o]
I Sulfur
pH %] dioxide
L 20 40 ItSIJI 80 100
® Time (s
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[ ] Conclusion

1. How does your hypothesis (answer to the ‘What Do You Think? Question) compare with
the results?

Answers will vary. One conclusion is that carbon dioxide gas causes much less change in the pH
of rain water than does nitrogen dioxide or sulfur dioxide

[ ] Questions

1. Inthis activity, which gas caused the smallest drop in pH?
Carbon dioxide caused the lowest drop in pH.

2. Which gas caused the largest drop in pH?
Nitrogen dioxide caused the greatest drop in pH.

3. High temperatures in the automobile engines cause nitrogen and oxygen gases from the air
to react and form nitrogen oxides. What two acids in acid rain result from the nitrogen
oxides found in automobile exhaust?

Nitrous acid and nitric acid result from the nitrogen oxides found in automobile exhaust.

Complete the following:

VOCABULARY |

carbonic acid: Carbonic acid is formed when carbon dioxide gas dissolves in water.

nitric acid: Nitric acid forms when nitrogen dioxide gas dissolves in water.

sulfurous acid: Sulfurous acid forms when sulfur dioxide gas dissolves in water.

If you completed the option8lOLLECT part of this activity, answer the following.
1. What was the mean (average) pH of the rain water you collected?
Answers will vary.

2. How does the pH of the rain water compare to the pH of the water collected from the
stream?

In general, the pH of thein water will be slightly lower than the pH of the water
collected from the stream.

3. What factors do you think have influenced the pH of the rain water?
Answers will vary.
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Teacher’s Notes — Activity SO7: Acid Rain

Time Estimates |Preparation: 30 min Alctivity: 30 min

Objectives
Students will be able to...

e calibrate a pH Sensor

¢ use the pH Sensor to measure the pH value of water as different gases are dissolved in the water
¢ determine which gas causes the greatest change in the pH value of the water

Notes

This is aLAB activity that involves chemicals. Please review safety procedures.

Setup

Vernier Software sells pH Buffer capsules that can be used to make buffer solutions. Each set
contains two capsules for pH buffers 4, 6, and 10 and four capsules for pH buffer 7. These
capsules, when added to 100 mL of distilled water, provide reliable buffers for calibrating the pH
Sensor. Order code PHB for about $10. Call 503-297-5317.

Flinn Scientific also sells various buffer solutions.

You can prepare pH buffer solutions as follows:

pH4 Add 2.0 mLof0.1 MHClto 1L of 0.1 M potassium hydrogen phthalate.

pH7 Add582 mL of 0.1 M NaOH to 1 L of 0.1 M potassium dihydrogen phosphate.
pH 10 Add 214 mL of 0.1 M NaOH to 1 L of 0.05 M sodium bicarbonate.

1. Plan to spend some time teaching your students how to make the gas-generating pipettes
and to use the Beral-type pipette to transfer gas to the test tube.

2. Thin stem Beral pipettes are available from Flinn Scientific (800-452-1261) and Sarget-
Welch (800-727-4368). You can empty the pipettes and discard them after using. You may
also choose to clean and re-use them.

3. The Beral pipette used for gas-collecting and the Beral pipette usegs
dispense the hydrochloric acid need to have a very narrow stem.
make the stem narrower, place the pipette bulb in the palm of one
hand with your thumb against the stem where it joins the bulb. Firngs
grip the middle of the stem with your other hand and pull hard on tigs
stem until it yields to the pressure and stretches out to a uniform
narrow diameter.

. You can easily stretch it to the length you need (15 cm) for the gas-collecting
pipettes. Cut the stems to a length of 4 cm for the hydrochloric acid
dispensing pipettes.

. For the gas-generating pipettes, cut the stem of a regular new Beral pipette to
a length of 3 cm. Since its stem is wider, the hydrochloric dispensing pipette
and the gas-collecting pipette will easily fit into it.

4. Instead of using a beaker to support the pipettes, you can also use
test tube rack.
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5.  Whether you choose to discard or recycle the pipettes, we recommend that you not let your
students empty the pipettes. Empty the gas-generating pipettes under a fume hood.

6. If you reuse the gas-generating pipettes, make sure they are completely dry. The sulfur
dioxide and nitrogen dioxide gases are highly soluble in water.

7. The 1.0 Molar hydrochloric acid can be prepared by adding 8.6 mL of concentrated acid
per 100 mL of solution. Draw the acid solution into a thin stem Beral pipette. Each trial
requires about 1 mL of acid, or a total of 3 mL for three gases. Fill the bulb about three-

quarters full.

8. Putabout 1 to 2 cm of solid NaHG®IaHSQ, and NaNQ in 100 mL beakers. Students
may have a little difficulty drawing up the granular NaN@o their pipettes. The other

solids are not difficult.

9. Distilled water may be used in place of tap water, but tap water generally contains enough
dissolved carbon dioxide, carbonate, and hydrogen carbonate to give it a small amount of

buffering.
10.

The 20 x 150 mm test tube is large enough for the pH electrode and the stem of the Beral

pipette. A smaller 18 x 150 mm test tube will not be large enough.

Data Recording

The pH Sensor should be calibrated before it is used to measure pH values.

Extensions

Do research on the problems created by acid rain.
Do research on the problems associated with trying to reduce or eliminate acid rain.

Sample Data

[ =—————nCraph lipHvs.Tine =——"——~FI8
B&EERE o~ AR et v|X]E ] EO=——— pH Change for S?E =———— 7
A A ] ||
count = 984
A H, ChA Run #1002 — 1 iU :
B H, Cha Run %2 K02 - T % =0.1000, y = 3.9033
® oH, ChARun 73502 (g, pH B mascinum :
[y = ] x=95.4000, y = 6.6378
[ TR | mean:
(EJoA 2% ] %= 4925000, y = 4 83510 |
) standard deviation: I
- %= 2842006, y = 099292 [
=
40 €0 80 100
Lza s i - Time [sec)
10 20 0 40 50 €0 g 30 100 ] EEE E
2
DataStudio: all three runs of data ScienceWorkshop: SO2
=IO pH Change for C02 EE Em: pH Change for NO2 EE
" 3 = " 5] [c]
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- b LUty - -W mInrnum ©
% =0.1000, y = 658895 ] %=0.1000,y = 2.4150
pH L o 3 rrasirnurn pH = < 3 iU :
== % =100.1000, y = 7 22373 I | PR %=99.8000, y = 7.0284
= |ortA=]| s T mnean: L= |[oAtA+]| s & mean
=lz= % =50.10000, y = € 813875 - =z = ] %= 49.95000, y = 4.45145 -
o standard deviation 1] o standard deviation : i
-+ % =28.91081,y = 0172121 2| - % =28.82421 ,y = 1.27982 &
= [=1
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This appendix foPart 1: Stewardship - The Water PlaméEarth
Science Labs with Computegsves procedurdetails for each

activity. For example, the procedure details include step-by-step

instructions for setting up equipment, connecting sensors to the
ScienceWorkshopterface, or calibrating a sensor.

Use this appendix when you have questions about setting up
equipment or recording data for an activity.
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S03 Temperature of Flowing Water Procedure DetailS...........co.uiiiiiiiiiiiiiii e

S04 Clarity and Turbidity in Water Procedure DetailS. ...........ooouuiiiiiiiiiaieee e

S05 Reducing Turbidity in Water Procedure DetailS...........c..oiieuiiiiiiiiiiei e

S06 pH of a Natural Water System Procedure DetailS ...........co.uiiiiiiiiiiiiiee e

S07 Acid Rain: Detection and Causes Procedure DetailS. ..........oouveiiiieiiiii i
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Procedure Details — Activity S01: Streams and Rivers

This part of Appendix A gives information about setting up a stream table to e
observe how a stream or river cuts a path in the ground to form a channel anl =
deposit material to form a delta and how the course of a stream or river chan

over time. I

The stream table is a model of a stream or rivel.
The material in the stream table simulates the
ground over which a stream or river can flow.
Water that is poured into one end of the stream
table simulates the stream or river.

[ ] A. Set Up the Equipment
1. Dampen the sand. Arrange the sand in the stream table so that the sand is level.

. Use the edge of a ruler or a piece of stiff cardboard to move and level the sand.

2.  Set up the stream table so the stream tablle
makes an angle of about 6° relative to
horizontal. T

. Lift one end of the table. Use the protractor to
measure the angle. Place the protractor at the
low end of the table to measure the angle.

3.  Set up the water supply system.

. Put the end of the funnel into one end of the plastic tubing. Push the end of
the tubing over the narrow end of the funnel. Place the other end of the FUNNEL
tubing near the surface of the sand at the raised end of the stream table.
Fill the container with water and prepare to pour the water into the funnel.

TUBING

[ ] B. Set Up the Experiment
4. Determine the percent grade (% grade) of the stream table.

. To determine the % grade, measure the height
“h” of the raised end of the stream table is above
the horizontal.

height “h”

. Measure the horizontal distance “d” that the
water will move.

distance “d”

. Divide the height of the raised end by the height " h"
horizontal distance. % grade = didance " d" x 100%
° Convert the decimal to a percent as shown: Istance
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C. Do the Experiment

Trial 1: Normal conditionsPour water from the
container into the funnel so water flows through t
tubing onto the upper end of the stream table. All
the water to flow gently onto the surface of the sg
for five minutes. Observe what happens and recq
your observations.

Let water flow at an even rate. See the diagram.

e
bW
nd
rd

y

[ o
S L d
Py

Trial 2: Change the anglef the stream table. Repack the sand or use a fresh part of the
stream table. Determine the percent grade (% grade) of the table. Record the angle and the
percent grade as part of Trial 2 in the Report. Let water flow onto the sand for five minutes.

Record your observations.

Trial 3:Reduced water flonRepack the sand or uie
the

a fresh part of the stream table. Keep the angle
stream table the same. Let water flow slowly ontg
the sand for five minutes. Record your observatid

Reduce the flow by squeezing the tubing or by holding
your thumb in front of the opening of the tube.

Trial 4: Artificial channel Repack the sand. Put thg
stream table at a low angle. Carve an “S” shaped
stream bed in the sand with your finger. Run the
water down it for five minutes. Record your

ns.

U

observations.

Trial 5:Level area Repack the sand so there is a

slope leading to a flat, level area near the base. Ag
you run water down the slope, observe what happgns--
when the water reaches the level area. Record yop, __—

observations.

Trial 6:Different material Repack your stream table with a mixture of moist sand, clay,
and pebbles. Run the water down it for five minutes. Record your observations.

D. Analyze the Data

Examine the observations you have recorded in the Report to determine the relationship of
the shape of a stream or river to natural factors such as the following:

steepness (angle) of slope

rate of water flow

shape of the existing ground material

type of ground material

12. Write your conclusion and answer the questions in the Report.

Optional: Design a Stream Habitat

72

Discuss, brainstorm, design, sketch, build, predict, and test. Share your results.

© 1999 PASCO scientific
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Procedure Details — Activity SO2: Measure Flow Rate

This part of Appendix A gives information about how to use the Flow <

Rate Sensor to measure the flow rate of water in a stream or river. g
The Flow Rate Sensor is designed to measure the speed of water flo | reormes Demesr | 8
through the sensor. The sensor uses a small propeller that rotates as -

moves past it.

About the Flow Rate Sensor -

The propeller has two blades, each with a small
magnet on the tip. When the propeller tips pass by
a tiny coil of wire built into the housing, an
electrical impulse is created and sent to the
interface.

The propeller makes five complete turns for each
linear foot of water that flows through it. Ten

. St Ph Pl
pulses are created for each linear foot of water. creoThone g

The program records the time between each
electrical impulse, and converts the times into a
speed (flow rate) measurement.

Propellor

[ ] A. Set Up the Equipment
1. Extend the Flow Rate Sensor to its full length.

. Twist the larger knurled ring next to the handle left-to-right (counterclockwit
to loosen the ring.

. Pull the handle to extend the length of the sensor. <
. Twist the knurled ring right-to-left (clockwise) to tighten the ring again.
2.  Use waterproof tape to put reference marks at equal intervals along the sh

the Flow Rate Sensor. EQUAL INTERVALS

. For example, you could put reference ~ p——p——p——sp——»
marks every 30 cm (0.30 m). Measure (O I g =TT 1T~
from the center of the propeller.

EXTENDED FLOW RATE SENSOR TAPE

[ ] B. Set Up the Experiment
1. StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S02 Stream Flow.DS S02 Flow Rate S02_FLOW.SWS

. Select ‘Open’ from the ‘File’ menu.
. Go to the Experiment Library. Find the document labeled as Shown | aosewindow" e

Save ®S

above. Double-click the document filename or select it and click OK| g ...
‘Open’. Revert to Saved

Page Setup...

(1[0 Fdit Experiment Displa

Print Active Display.. #P

. The file opens with a Graph display. Print All Displays..

Ewnart Activa Dicnlas 221
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2.  Prepare th&cienceWorkshoipterface for data logging.

. Make sure that there are four AA alkaline batteries in the interface battery compartment.
. Make sure that the POWER switch on the back panel of the interface is ON.

3.  Set up the software for data logging.

. In DataStudig click the ‘Experiment’ menu in the menu bar and select ‘Disconnect for

= Logging...

Logging’ or click ‘Logging’ ( |) in the Setup window toolbar. In
ScienceWorkshop, click the ‘Experiment’ menu and select ‘Disconnect for Logging...”.

. In DataStudig a window opens reminding you that you can print an experiment summary
if you want. (If your computer is connected to a printer you can print an experiment
summary.) After you click “Yes’ or ‘No’, the software is ready for data logging.

B A

It may be useful to print an experiment

Interface is disconnected for data logging.

ey summary to take with you when data e Y ou can reconnect by choosing Connect To
logging. Interface on the Experiment menu, or

- Would you like to print a sumumary of your R clicking the Connect button in the Setup
experiment? Window toolbar.

| Cancel | | Ho | || es ||

In ScienceWorkshgphe Data Logging Setup window opens. (If your computer is
connected to a printer you can print a checklist.) Click ‘Begin Logging’ when you are
ready to begin data logging.

s The Science Workshop interface has been initialized
for data logging.

Itis recommended that you print the data logging
checklist for field reference.

Print Checklist ]

"Cancel Logging" will prevent transition to data
logging mode.

Select "Begin Logging" to complete logging setup. You
may then disconnect your interface from your
computer.

[ Cancel Logging ] ” Begin Logging ]l

. The interface goes into “sleep” mode. The green light-emitting diode (LED) on the front
panel of the interface will go out, and then will blink once every five seconds.

4. Disconnect the interface from the computer. Unplug the pou=mgr, &5
cord and the interface cable from the back of the interface % W --';;'J;RJ*
(It doesn’t matter which is unplugged first). S ‘ povier

5.  Carry the interface and Flow Rate Sensor to the experiment
site. e —

NTERFACE

74 © 1999 PASCO scientific S02 — Appendix A



Student Workbook Earth Science Labs with Computers
Procedure Details S02: Measure Stream Flow Rate

[ ]

C. Do the Experiment

For the first part of your data collecting, record the flow rate of the stream or river at three
different depths at one position.

For the second part of your data collecting, record the flow rate at a constant depth, but at
three different positions relative to the shore or bank.

In the final part of the data collecting, record the flow at a narrow section of the stream or
river and then measure the flow at a wider section of the stream or river.

Connect the Flow Rate Sensor plug into Digital Channel 1 on the interface box.

Push the stereo phone plug into Digital Channel 1 until the plug is all the way into the
interface.

Extend the Flow Rate Sensor and place the end in th¢rroreLor

water at the first depth. Hold onto the sensor with two \'
hands. ‘ FLOW. DIRECTION
'( ARROW
. E J

Note that the sensor has a flow direction arrow on the
propeller housing. When you put the end of the senso
into the water, be sure that the arrow points in the
direction that the water is flowing.

When you are ready, press the LOG button on the front of the interface.

Remember, the interface waits 10 seconds before DloDE Lty
it begins to record data. The green LED on the s Wokchor

front of the interface will blink once per second
for ten seconds while the interface is waking up.
Then the green LED blinks rapidly while data arg:. . ocene
being recorded. BUTTON

Record data at the first location for about one minute. Press the LOG button again to stop
recording data.

The green LED will go out and then it will blink once every five seconds.

Repeat the data recording process for the other depths, different locations relative to the
shore, and for the narrow and wide sections of the river or stream.

After you collect your data, disconnect the Flow Rate Sensor from the interface. Be sure
the interface is in the ‘sleep’ mode.
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[ ] D. Analyze the Data
1. Reconnect the interface to the power supply and computer.

. Plug the interface cable and power supply cable into the back of the interface box. It
doesn’t matter which one is plugged in first.

2.  Download data from the interface to the computer. (See Appendix C.)

. In DataStudiq select ‘Connect to Interface...” in the Experiment menu or click ‘Connect’
(| =IE |) in the Setup window toolbar. BcienceWorkshggelect ‘Connect to
Interface’ in the Experiment menu. The data will be downloaded automatically.

3. Examine each run of data in the Graph display to determine the relationship of the flow
rate to depth, location relative to shore, and shape of the stream or river. Use the Graph
display’s built-in statistics to find the ‘Mean’ of the flow rate.

. In DataStudig click ‘Data’ () in the Graph toolbar to select a run of data. In

ScienceWorkshoglick ‘Data’ () on the left side of the Graph display or select a run
of data the bottom of the Experiment menu.

. In DataStudiq click ‘Statistics’ ) in the Graph toolbar and select ‘Mean’. The
value appears in the Graph LegendStnenceWorkshoglick ‘Statistics’ ) in the
lower left corner of the Graph to open the statistics area and select ‘Mean’ from the
‘Statistics Menu’ ). The value appears in the statistics area.

4. Record the ‘Mean’ values and write your conclusions and answer the questions in the
Report.
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Procedure Details — Activity SO3: Temperature of Flowing Water

This part of Appendix A gives information about how to use the Temperature S¢ =
to measure the temperature of flowing water in a stream or river. 1==

-

About the Temperature Sensor

The Temperature Sensor is designed to measure the temperature of water and other liquids. The
sensor has a small transistor in its tip that produces a voltage that matches the temperature.

The sensor produces 10 millivolts (0.01
volts) for every degree Celsius of
temperature. The program converts the
voltage into a digital (humeric) value of
temperature.

The sensor is covered with protective

Teflon except at the very tip. The sens

comes with a separate Teflon cover that can be slipped over the end of the sensor for extra
protection from corrosive or caustic chemicals.

[ ] A. Set Up the Equipment

1. Use rubber bands to fasten the Temperal oo SENSOR  PRUBBER

) BANDS
Sensor to one end of a 2-m pole. ! ) . b S A

. Tie the sensor’s cord to the pole so the c¢- e e = i »]
doesn’t get tangled. EQUAL INTERVALS

. Attach the DIN-to-DIN sensor cable to the end of the Temperature Sensor’s cable.
. Use the extender cable that comes with the Light Sensor.

. Place the sensor against the pole so that the tip exte POLE SENSOR
slightly beyond the end of the pole. - S——— ——
. Loop the rubber bands several times around the sen RUBBER BANDS

So it is secure.
2. Use a marker pen to put reference marks at equal intervals along the pole.

. For example, you could put reference marks every 30 cm (0.30 m). Measure from the tip of
the sensor.

[ ] B. Set Up the Experiment

1. Connect the sensor to the interface. Then BatdStudioor
ScienceWorkshopnd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S03 Stream Temp.DS S03 Temperature Flow S03 TEMP.SWS

. Select ‘Open’ from the ‘File’ menu.
. Go to the Experiment Library. Find the document labeled as Shown | aose winaow W

Save %S

above. Double-click the document filename or select it and click OK| e ...
‘Open1 Revert to Saved

Page Setup...

«  The file opens with a Graph display. PincAll Doplayee,

Ewnnet Activa Dicnlay 381
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2.  Prepare th&cienceWorkshoipterface for data logging.

. Make sure that there are four AA alkaline batteries in the interface battery compartment.
. Make sure that the POWER switch on the back panel of the interface is ON.

3.  Set up the software for data logging.

. In DataStudig click the ‘Experiment’ menu in the menu bar and select ‘Disconnect for

= Logging...

Logging’ or click ‘Logging’ ( |) in the Setup window toolbar. In
ScienceWorkshop, click the ‘Experiment’ menu and select ‘Disconnect for Logging...”.

. In DataStudig a window opens reminding you that you can print an experiment summary
if you want. (If your computer is connected to a printer you can print an experiment
summary.) After you click “Yes’ or ‘No’, the software is ready for data logging.

B A

ey summary to take with you when data

- Would you like to print a sumumary of your

It may be useful to print an experiment

logging.

experiment?

Interface is disconnected for data logging.
Y ou can reconnect by choosing Connect To
Interface on the Experiment menu, or
clicking the Connect button in the Setup
Window toolbar.

| Cancel | | Ho | || es ||

In ScienceWorkshgphe Data Logging Setup window opens. (If your computer is
connected to a printer you can print a checklist.) Click ‘Begin Logging’ when you are
ready to begin data logging.

s The Science Workshop interface has been initialized
for data logging.

Itis recommended that you print the data logging
checklist for field reference.

Print Checklist ]

"Cancel Logging" will prevent transition to data
logging mode.

Select "Begin Logging" to complete logging setup. You
may then disconnect your interface from your
computer.

[ Cancel Logging ] ” Begin Logging ]l

. The interface goes into “sleep” mode. The green light-emitting diode (LED) on the front
panel of the interface will go out, and then will blink once every five seconds.

4. Disconnect the interface from the computer. Unplug the poyu=mr, &5
cord and the interface cable from the back of the interface % W --';;'J;RJ*
(It doesn’t matter which is unplugged first). ‘ povier

5.  Carry the interface and Temperature Sensor to the experiment
site. -

NTERFACE
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[ ] C. Do the Experiment

. For the first part of your data collecting, record the temperature of the stream or river at
three different depths at one position.

. For the second part of your data collecting, record the temperature at a constant depth, but
at three different positions relative to the shore or bank.

. In the final part of the data collecting, record the temperature at a narrow section of the
stream or river and then measure the temperature at a wider section of the stream or river.

. When you put the Temperature Sensor into the water, don’t go beyond the Temperature
Sensor’s DIN plug. If the sensor’s DIN plug gets wet, water may seep up the DIN-to-DIN

cable into the interface.
P
-~
e

-

(ever ||/ 'x_\‘ Lo { |
;‘EI;:I!PSEHHATUHE ll"-, \ i .

| |

1. Connect the Temperature Sensor plug into Analog Channel A on the interface box.

. Push the DIN plug into Analog Channel A until the plug is all the way into the interface.
2.  Place the end of the sensor in the water at the first depth.

. Hold onto the pole with both hands.

3. When you are ready, press the LOG button on the front of the interface.

Jj-,-'_
—_[
[N

1 L. 10T | |
==t == 2
——

. Remember, the interface waits 10 seconds before it begins to record data. |

. The green LED on the front of the interface will blink once per second for ten seconds
while the interface is waking up. Then the green LED blinks rapidly while data are being
recorded.

4.  Record data at the first location for about one minute. Press the LOG button again to stop
recording data.

. The green LED will go out and then it will blink once every five seconds.

5. Repeat the data recording process for the other depths, different locations relative to the
shore, and for the narrow and wide sections of the river or stream.
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[ ] D. Analyze the Data

1. Reconnect the interface to the power supply and computer.

. Plug the interface cable and power supply cable into the back of the interface box. It
doesn’t matter which one is plugged in first.

2.  Download data from the interface to the computer. (See Appendix C.)

. In DataStudiq select ‘Connect to Interface...” in the Experiment menu or click ‘Connect’
(| =IE |) in the Setup window toolbar. BcienceWorkshggelect ‘Connect to
Interface’ in the Experiment menu. The data will be downloaded automatically.

3. Examine each run of data in the Graph display to determine the relationship of the flow
rate to depth, location relative to shore, and shape of the stream or river. Use the Graph
display’s built-in statistics to find the ‘Mean’ of the flow rate.

. In DataStudig click ‘Data’ () in the Graph toolbar to select a run of data. In

ScienceWorkshoglick ‘Data’ () on the left side of the Graph display or select a run
of data the bottom of the Experiment menu.

. In DataStudiq click ‘Statistics’ ) in the Graph toolbar and select ‘Mean’. The
value appears in the Graph LegendStnenceWorkshoglick ‘Statistics’ ) in the
lower left corner of the Graph to open the statistics area and select ‘Mean’ from the
‘Statistics Menu’ ). The value appears in the statistics area.

4. Record the ‘Mean’ values and write your conclusions and answer the questions in the
Report.
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Procedure Details — Activity SO4: Clarity and Turbidity in Water

This part of Appendix A gives information about how to use the Light Sensor tc g
measure the clarity of water and the Secchi disk symbol to measure turbidity. =

About the Light Sensor

The Light Sensor is designed to measure the relative intensity of light. The sensor has a sensitive
photodiode that creates a voltage when light shines on it.

The sensor has an aperture at one end that lets light
into the photodiode. The other end of the sensor
has a five pin DIN plug. This can connect directly
into the interface, or it can connect into an

interface cable.

The software converts the voltage from the sensor
into a digital (humeric) value of relative intensity.
First, the sensor is calibrated to the maximum
intensity of a given light source. Then, the light
intensity during the activity is measured as a
percent of the maximum (& max).

[ ] Pre-Lab: Collect the Sample

1. Use a container to collect about 2 liters of non-clear water from a river, lake or pond. Put a
label on the container and mark the label with the location of the water source.

. For example, tie a rope or cord to a bucket and lower the bucket into the water.

Alternate Procedure

. Add a small amount of dirt to 2 liters of water and shake vigorously to thoroughly mix the
dirt and water.

. A little dirt goes a long way. Don’'t add too much, or the water will become too muddy.

[ ] A. Set Up the Equipment
Turbidity —

A Secchi disk is a circular disk, 20 cm (0.20 m) in diameter,
that is divided into four quarters. The quarters are alternately
painted black and white. A cord or chain is attached to the
disk so the disk can be lowered vertically into the water. The
cord or chain is calibrated in equal intervals so the depth can Cylinder
be measured.

You will use a Secchi diskymbolinstead of a Secchi disk.

Secchi disk
1.  Place the Secchi disk symbol on a flat surface. Place a symbol
graduated cylinder on the center of the disk. é
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Clarity

2. Use a base and support rod, a lab stand rod, a multi-clamp (right-angle clamp), and two
buret clamps to make a stand for the penlight and Light Sensor.

3.  Adjust the position of the penlight and the Light Sensor so the square bottle just fits
between them. Line up the penlight and the sensor so the light goes in a straight line
through the bottle to the sensor.

. When the Light Sensor, bottle, and penlight are lined up, put strips of tape on the table to
trace the position of the square bottle.

. Mark the position of the bottle so you can put it in the same place each time you make a
measurement.

M Base &
support rod
\7[ Boxin
Bottle Light ei‘rvipectlve
Sensor
Pen light
i k/ Cut-outs for the Light
block Sensor and the pen light.
i Multi- =
clamp o)
Jlllllllllllll-
Pen light i = Light Sensor
:lllllllllllll;
Pen light Light Sensor Outline of box
Bottle

4.  Use a cardboard box to make a “light shield” that can fit over the penlight, square bottle,
and sensor.

[ ] B. Set Up the Experiment

1.  Connect the Light Sensor DIN plug into Analog Channel A on the
interface.

2.  StartDataStudioor ScienceWorkshopnd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S04 Clarity.DS S04 Clarity S04_CLAR.SWS

«  Select ‘Open’ from the ‘File’ menu. —

. Go to the Experiment Library. Find the document labeled as shown abj S &
Double-click the document filename or select it and click OK or ‘Open’| &% .
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. The file opens with a Graph display. Data recording is set to one measurement per second.

3 Calibrate the Light Sensor using the penlight. Put clear water in the square bottle. Let the
light transmitted through the clear water be “100% intensity”.

Sensor Calibration
1. Setthe GAIN switch on the top of the Light Sensorto °
2. Turn on the penlight. Make sure it is lined up with the Light Sensor.

3.  Inthe Setup window, double-click the Light Sensor i¢esult In DataStudio the
‘Sensor Properties’ window opens. Click the ‘Calibrate’ talsdienceWorkshophe

Sensor Properties=——————H

= s A RER
[eneral | catibration || Messurments | Q Light Sensor

current Reading High Point Low Point

valtage: voltags: voltage: Calibrated ) Calculations:
%538 [ T5.000] | | Measurement:
Light|Intensity
Valua: Valug: Valua:
H9.0 1 | ro0gf| [ o]
Take Reading Take Reading Calibration
Name: Sensitivity: Units: Intensity % | pots

Light Intensity, ChA (% max) B [Low (1x) %
i : (100.000 9.9954 Read H
Range: umt aceuracy: High Ualue: | || }

66 ta 1600 B e 1o Low Value: [0.000 | [0.0000 ][ Read ]

[

]

Cur lalue: 100.000 9.9954
sensitivity:
‘Sensor Setup’ window opens.

. The current value of the voltage from the Light Sensor appears under ‘Current Reading’ (in
DataStudig or next to ‘Cur Value’ (irscienceWorkshp

. If the voltage reading is under 4.9 volts, calibrate the softwai@ataStudio click the
‘Take Reading’ button under the ‘High Point’ columnSaenceWorkshoglick the
‘Read’ button at the right end of the ‘High Value’ row.

. If the voltage reading is 4.9 volts or higher, move the penlight slightly farther away from
the Light Sensor until the reading drops to 4.9 volts. Calibrate the softwératdBtudio
click the ‘Take Reading’ button under the ‘High Point’ columnStnenceWorkshoglick
the ‘Read’ button at the right end of the ‘High Value’ row.

4.  Click ‘OK’ to return to the Experiment Setup window.

[ ] C. Do the Experiment
. For the first part of your data collecting, measure the turbidity of the water sample.

. For the second part of your data collecting, use the Light Sensor and pen light to measure
the clarity of the water.

Turbidity

When you pour water from the beaker in to the cylinderpatient Pour slowly. The challenge
is to find out how much water you need in order to block your view of the Secchi disk symbol
below the cylinder.

When you can barely see the symbol through the water, stop for a moment. Let the water become
still. If you can see any of the symbol through the water, slowly pour more water into the
cylinder until you can’t see the Secchi disk symbol any more.

Remember to record the depth of the water at which you could no longer see the symbol.
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Clarity
. Use a graduated cylinder to measure 100 mL of your water sample.

. The light shield blocks most of the room light from entering the Light Sensor so it
measures the clarity of the water more accurately.

o
. To start data recording, click ‘Star‘) in DataStudioor ‘REC’ () in

ScienceWorkshop

. After data recording stops automatically, remove the box and the bottle, but leave the
penlight “on”. Empty and clean the square bottle.

Repeat the data recording process two more times.

. The procedure says to make the second water sample by adding 50 mL of clear water to
50 mL of your original water sample. When you dilute the first sample one-to-one with
clear water, this dilutes the first sample to 50%.

. When you add 67 mL of clear water to 33 mL of your original water sample, this dilutes
the original sample two-to-one so it is 33% as ‘muddy’ as the original.

[ ] D. Analyze the Data

1. Use the built-in statistics in the Table display to determine the | oisconnectortogging.. &L
average intensity of light that was transmitted through each san s
of water.

m@; Setup Window

2 Signal Generator Window

«  In DataStudig click ‘Data’ () in the Table toolbar to otes o

—

‘‘‘‘ Calculator Window

select a run of data. BcienceWorkshoplick ‘Data’ () in H,, __
the corner of the Table display or select a run of data the bottor] fun=2 2
the Experiment menu. . ®

. In DataStudiq click ‘Statistics’ ) in the Table toolbar and select ‘Mean’. In

ScienceWorkshogglick ‘Statistics’ ) in the corner of the Table and select ‘Mean’
from the ‘Statistics I\/Ienu’).

2. Record the ‘Mean’ values and write your conclusions and answer the questions in the
Report.
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Procedure Details — Activity SO5: Reducing Turbidity in Water

This part of Appendix A gives information about how to use the Light Sensor f—=-—
measure the change in the amount of light transmitted through water that is t| I

L

rramr

clarified. [

About the Light Sensor:

| Note: See the description Appendix A: S04 - Clarity and Turbidity in Water. |

[ ]
1.

Pre-Lab: Collect the Sample

Use a container to collect about 2 liters of non-clear water from a river, lake or pond. Put a
label on the container and mark the label with the location of the water source.

For example, tie a rope or cord to a bucket and lower the bucket into the water. Pour the
water from the bucket into your container.

Alternate Procedure

Add a small amount of dirt to 2 liters of water and shake vigorously to thoroughly mix the
dirt and water. A little dirt goes a long way. Don’t add too much, or the water will become
too muddy.

A. Set Up the Equipment

In the lab, measure out 5 g of aluminum sulfate (alum), 2.5 g of iron chloride, and 2.5 g of
calcium oxide (lime) onto individual weighing papers.

Use an accurate balance. Put a weighing paper onto the balance and find its weight. Then
add the chemical to the weighing paper until the total weight on the balance is the specified
amount above the weight of the paper.

Label the three plastic bottles. Label one bottle “CONTROL”, a second bottle “ALUM”,
and a third bottle “IRON CHLORIDE + LIME”.

Use the marking pen to write on each label, then attach the labels to the bottles.

Use a base and support rod, a lab stand rod, a multi-clamp (right-angle clamp), and two
buret clamps to make a stand for the penlight and Light Sensor. Adjust the position of the
penlight and the Light Sensor so the square bottle just fits between them. Line up the
penlight and the sensor so the light goes in a straight line through the bottle to the sensor.

When the Light Sensor, bottle, and penlight are lined up, put strips of tape on the table to
trace the position of the square bottle.

Mark the position of the bottle so you can put it in the same place each time you make a
measurement.

INOTE: See the description and diagramajpendix A: S04 - Clarity and Turbidity in Water |

5.

Use a cardboard box to make a “light shield” that can fit over the pen light, square bottle,
and sensor.

Be very careful when cutting the cardboard box.
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[ ] B. Set Up the Experiment
1. Connect the sensor to the interface.
StartDataStudioor ScienceWorkshopnd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S05 Turbidity.DS S05 Turbidity S05 TURB.SWS

. Select ‘Open’ from the ‘File’ menu.

. Go to the Experiment Library. Find the document labeled as shown above. Double-click
the document filename or select it and click OK or ‘Open’.

. The file opens with a Digits display and a Table display. Data recording is set for one
measurement per second and will stop automatically at 30 seconds.

3.  Connect the Light Sensor DIN plug into Analog Channel A on the interface.
4.  Calibrate the Light Sensor using the penlight.

Sensor Calibration

[NOTE: See the description Appendix A: S04 - Clarity and Turbidity in Water

[ ] C. Do the Experiment

. Shake each bottle before you make the first measurement. Shaking stirs up the sediment.

o
. To start data recording, click ‘Star) in DataStudioor ‘REC’ () in

ScienceWorkshop
. Let each bottle sit undisturbed for 30 minutes and then make the second measurement.
. Let each bottle sit undisturbed overnight and then make the last measurement.

Be careful! The most important part of the procedure for the second and third measuremgnt is to
move the bottles without shaking up the sediment.

[ ] D. Analyze the Data

1.  Use the built-in statistics in the Table display to determine the average intensity of light
that was transmitted through each sample of water at each of the three times.

. In DataStudiq click ‘Data’ () in the Table toolbar to select a run of data. In

ScienceWorkshoglick ‘Data’ () in the corner of the Table display or select a run of
data the bottom of the Experiment menu.

. In DataStudiq click ‘Statistics’ ) in the Table toolbar and select ‘Mean’. In

ScienceWorkshoglick ‘Statistics’ ) in the corner of the Table and select ‘Mean’
from the ‘Statistics Menu‘).

2. Record the ‘Mean’ values and write your conclusions and answer the questions in the
Report.
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Procedure Details — Activity S06: The pH of a Natural Water System

This part of Appendix A has information about how to collect water samples.
also gives information about how to calibrate and use the pH Sensor to meas
the pH of samples of water collected from a stream.

About the pH Sensor
The pH Sensor is designed to measure the pH (“potential of hydrogen”) of a liquid.

The sensor has two parts: a pH Electrode and an
Amplifier. The pH Electrode has a BNC plug on
its cable that connects to the BNC connector on
the Amplifier. The Amplifier has a DIN plug and
a cable that connects to the interface.

The pH Electrode produces a voltage
proportional to the hydrogen ion concentration
(“potential of hydrogen” or pH) in a solution.
The voltage changes 0.1 volts for each pH
number. The pH Amplifier has a very high inpu
impedance.

The end of the pH Electrode is stored in a smal
plastic container that contains a buffer solution
made with 1 gram of potassium chloride (KCI) added to 100 mL of pH 4 buffer solution.

The software converts the voltage from the sensor into a digital (humeric) value of pH intensity.
First, the sensor is calibrated to the pH value of a high pH buffer solution. Then the sensor is
calibrated to a second pH value.

[ ] A. Set Up the Collecting Equipment

1. Before going to the stream, clean the sample bottles and rinse them with distilled water.
Label each sample bottle.

. Write on the label, and then put the label on the bottle.

[ ] B. Collect the Samples

1. Atthe collection site, remember to record the date, time, location, and weather.
Use the sampling pole to fill the container with water. Fill ;gn;pnng
the container from a point as far from shore as possible.

. Extend the sampling pole straight out over the water. Rotgje,.. g

the pole so the mouth of the collecting container points  water
down.

. Gently lower the bottle vertically into the water until the

container is fully submerged.
. Slowly rotate the sampling pole 90 degrees until the mouth
of the container faces the current. Continue to rotate the

container until the mouth points up and gently lift the ﬂowd,-,e,,.,,on
container out of the water

. Pour the water from the container into the first sample bottle. Repeat the previous steps for
collecting water samples at four more sites.

bottle
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[ ]
1

88

C. Set Up the Lab Equipment

Plug the DIN connector cable into the sensor’s DIN plug and then
connect the cable into Analog Channel A onSceenceWorkshop
interface.

Connect the pH electrode to the BNC port on the pH Sensor.

Line up the connector on the end of the cable with the pin on the
port.

Push the connector onto the port and then twist the connector
clockwise about one-quarter turn until it clicks into place.

Set up the equipment to calibrate the pH Sensor. To calibrate
the pH Sensor you will need the following: wash bottle,
distilled water, three beakers, buffer solutions of high pH (e.g.
pH 10) and low pH (e.g. pH 4), pH Sensor. )

Put 100 mL of the high pH buffer solution in one beaker. Put
100 mL of the low pH buffer solution into a second beaker.

Put 100 mL of distilled water into the third beaker. Put
distilled water into the wash bottle. NRE R PW
D :

0
|

8

D. Set Up The Experiemnt [

StartDataStudioor ScienceWorkshoand open the file as

follows:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S06 pHof a Stream.DS S06 pH of Water S06 PH.SWS

Select ‘Open’ from the ‘File’ menu.
(710 Edit Experiment Displa

Go to the Experiment Library. Find the document labeled as shown=ew———— v
above. Double-click the document filename or select it and click OKSEEEEEEE

‘Open’. save s

Save As...
The file opens with a Digits display and a Table display. Data recort . <o
is set for one measurement per second and will stop automatically { s bpier =

seconds. ot At e
Use the beakers, buffer solutions, and wash bottle to calibrate the pH Sensor.
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How to Calibrate the pH Sensor
1. Remove the pH electrode from its bottle of buffer

solution. Make sure the pH electrode is connecteq Remove
the sensor. the bottle
, of buffer
2. Use the wash bottle to rinse the end of the electrd gg|ytion.
Soak the pH electrode in the beaker of distilled
water for 10 minutes.
3. Inthe Experiment Setup window, double-click the
pH Sensor icon. D

. In DataStudiq the Sensor Properties window will
open. Click the ‘Calibration’ tab. IScienceWorkshgphe Sensor Setup window will
open.

O =———— bperimentsSetup=—————"HH
|?f Sensors ||'/. Options... ||® Timers... H P Logging... |HDdEmF

Science Workshop 500

B04 Role of Buffe

EE

fi————
L B m
REC | | Mon | | sTop

Data

4 Sensors -

PH pHSensor

h Photogate
G Photagate & Pic] |

= )

23 @ B

EBWER
i === Pawer Amplifig
ANF ’ pH Sensor Digits Meter Seope FFT Table

L,_Ele) Pressure Sensoj i
%

1%

Click and drag a display fcen to 4
channel or sensor to display data.

4.  Calibrate with the high pH buffer solution.
5.  Put the end of the pH electrode into the high pH buffer solution.

6. Check the voltage under ‘Current ReadingDetaStudioor next to ‘Cur Value:’ in
ScienceWorkshop

:sEﬂiﬂrPrﬂpEniESEE
{ General 1] M Calibration M Measurements } A A
PH pH sensor
Current Reading High Paint Law Paint
Yoltage Yoltage: Yoltage: calibrated Calculati
alibrate! alculations:
1.400 0.100
o.oen | [{ |1 | Measurement: Delta pH (dpH) 55
oo 1ad ] 14 L
[_Take Reading | [_Take Reading | Calibration ]
Hame: Sensitivity: Units: pH Uolts
Lo () S High alue: [14.000 [1.9000 | Read )
Range: Unit: Accuracy: .
9 ¥ Low Value: [1.000 | [0.1000 | Read )
1.0 to 14.0 PH 0.1
Cur Dalue: -0.034 -0.0034
Sensitivity: | Low (1x) w
=

7. When the voltage stabilizes, click the ‘Take Reading’ button under ‘High Point’ in
DataStudioor the ‘Read’ button in the row for ‘High Value:’ BcienceWorkshop

8.  Enter the pH value of the buffer solution.
9.  Thoroughly rinse the pH electrode with distilled water and dry it with a tissue.

10. Calibrate with the low pH buffer solution. Put the end of the pH electrode in the low pH
buffer solution.

11. Check the voltage under ‘Current ReadingdDataStudioor next to ‘Cur Value:’ in
ScienceWorkshop
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12.

When the voltage stabilizes, click the ‘Take Reading’ button under ‘Low Point’ in
DataStudioor the ‘Read’ button in the row for ‘Low Value:” BcienceWorkshop

distilled water

13. Enter the pH value of the buffer solution. Click OK to return to the Experiment Setup
window.

14. Thoroughly rinse the pH electrode with distilled water and dry gently.

[ ] E. Do the Experiment

. To start recording data, click ‘Start’ DataStudioor
‘REC’ in ScienceWorkshop

. Gently swirl the pH electrode in the water. pH Electrode

. Be sure to rinse the pH electrode with distilled water
between each sample. /:xw

[ ] F. Analyze the Data &%{r \

1.  Use the built-in statistics in the Table display to determine .
the average pH value of each sample of water. wash bottle with \\_/

. In DataStudiq click ‘Data’ (! @ Data '.) in the Table
toolbar to select a run of data.$cienceWorkshoglick ‘Data’ () in the corner of
the Table display or select a run of data the bottom of the Experiment menu.

. In DataStudiq click ‘Statistics’ E h ) in the Table toolbar and select ‘Mean’. In
ScienceWorkshoglick ‘Statistics’ j) in the corner of the Table and select ‘Mean’
from the ‘Statistics Menu’).

2. Record the average pH value of each sample in the Lab Report. Record your conclusion
and answer the questions in the Report.

90
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Procedure Details — Activity SO7: Acid Rain

This part of Appendix A gives information about how to calibrate and use the i+
Sensor to measure the pH of samples of water collected from a stream. =

About the pH Sensor —

| NOTE: See the description in Appendix 806 - pH of a Natural Water System

[ ] A. Set Up the Equipment

Overview

Vv Make gas generators using Beral-type pipettes. Generate three different gases by adding a
small amount of hydrochloric acid to the pipettes containing three different substances.

V Use a long-stem pipette to transfer the gas produced in each generator to a test tube that has
water and the pH Sensor in it. Use the pH Sensor to measure the change in pH as the water
absorbs the gas.

[ 1 Prepare the gas generators.

1. Label threeshort-stenBeral pipettes with the formula of the solid they will contain and
label thredong-stenBeral pipettes with the formula of the gas they will contain.

. You can store all six pipettes with the bulb end down in a small beaker until needed.

2.  Use theshort-stenpipettes to ‘suck up’ some of the
powder into the pipette. Get the powder into the
pipette until there is just enough powder to fill the —\J(/<—
curved end of the bulb of the pipette when you hold
the pipette with the bulb end down (see the diagram).

3.  Generate the gas. Get a Beral pipette with 1.0 Molar N

Fill to this

hydrochloric acid (HCI) from your teacher. Push out the air.  Release the bulb.
SAFETY ALERT!
HCl is a strong acid. Hold the pipette gently, with the \
stem pointing up, so that HCI drops do not escape. —-\J(/— Eﬁ,%egeéﬁtfyh,e

. Use the pipette with the hydrochloric acid to add about 20 Piltjlfl;flec ,
drops of HCI solution to the powdered substances in the "
short-stem pipettes. Gently swirl the pipette that contains gas

NaHCO3 and HCI. generator
pipette

. After you swirl the pipette to mix the NaHCO3 and HCI,
you may see some gas bubbles. Because each gas is more
dense than air, it will tend to stay inside the gas generator
pipette.

Add about
20 drops.

[ 1 Set up the pH Sensor

. Use a clamp to mount the test tube to the support rod. Add about 4 mL of tp
water to the test tube. Rinse the pH electrode with distilled water and pla
electrode into the tap water in the test tube.

. NOTE: Make sure that the bottom of the electrode is in the tap water. Add
more water if needed.

. Position the pH electrode to one side of the test tube so there is enough rojpm
for you to insert a long-stem pipette down into the water.

Sensor
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[]

2.

Collect the gas

The basic idea is transfer gas from each generator pipette
to a long-stem pipette.

Squeeze all of the air from the bulb of the first long-stemy\ )( 4—  <—
pipette. Keep the bulb completely collapsed and insert ()"

the long stem of the pipette down into the first gas-
generating pipette. The tip of the long-stem pipette
should not touch the liquid in the gas generator pipette

(see the diagram). ///\\
Release the pressure on the bulb so that it draws gas upush out

into it. Store the long-stem pipette and the gas generatoft- ea"
pipette bulb down in the 100 mL beaker.

Release the
bulb to draw
in the gas.

Long-stem
pipette

Gas
generator

B. Set Up the Experiment

Connect the sensor to the interface. SdataStudioor ScienceWorkshognd open the file
as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
S07 Acid Rain.DS S07 Acid Rain S07 RAIN.SWS

Select ‘Open’ from the ‘File’ menu.

Go to the Experiment Library. Find the document labeled as shown above. Double-click
the document filename or select it and click OK or ‘Open’.

The file opens with a Digits display and a Table display. Data recording is set for one
measurement per second and will stop automatically at 30 seconds.

Use the beakers, buffer solutions, and wash bottle to calibrate the pH Sensor.

NOTE: See the description in Appendix A: S06 - pH of a Natural Water System.

[]
1.

2.

92

C. Do the Experiment

To start recording data, click ‘Start’ bataStudioor ‘REC’ in
ScienceWorkshoata recording stops automatically at 100 seconds.

When you insert each long-stem pipette into the test tube alongside the pH
electrode, make sure that the tip of the pipette is below the bottom of the
electrode (see the diagram).

Try to put the long-stem pipette into the test tube without squeezing any gas o
of the bulb.

Remember to try to push all of the gas out of the bulb of the pipette. Use both °
hands. Squeeze slowly so that bubbles of gas have time to be absorbed in the water.

D. Analyze the Data

Use the built-in statistics in the Table display to determine the minimum pH value and
maximum pH value for the water for each gas.

Calculate the change in pH. Record the values in the Lab Report.

In DataStudio click ‘Statistics’ in the Table toolbar. Minimum and Maximum are already
selected. IrScienceWorkshoplick ‘Statistics’ in the corner of the Table and select
‘Minimum’ and ‘Maximum’ from the ‘Statistics Menu'.

Answer the questions in the Lab Report.
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Memorandum — About the Mission to Other Worlds
Greetings,

The activities in this part @arth Science Labs with Computdogus on an <
imaginary journey to another planet Masion to Other Worldsyou will do a

series of tasks related to landing a spacecraft on another planet and explo

the planetary surface. You will make scientific measurements and report y

results to a fictional character that is a Space Agency administrator.

Background

Humankind began sending robot spacecraft to other worlds in the 1960’s.
Humans first walked on the moon in July, 1969. Although humans have not yet
walked on another planet, robot spacecraft such as the Mars Pathfinder Lander
and the earlier Viking | and Il Landers have done the next best thing — sent
back pictures and data from the surface of Mars.

MARS PATHFINDER
MEASURED SURFACE PRESSURE

, Data from Mars
| [ Pathfinder Lander

.

W biaid \ ’H Panaromic view
- Soeg b
ST T terrain and the

! Sojourner Rover.

0 5 10 15 El
PATHFINDER SOL

Activity Descriptions

Some of the activities in thdission to Other WorlddMTOW) part ofEarth Science Labs with
Computersare related to the task of designing, building, testing, launching, and landing a
spacecraft. Other activities are related to the task of exploring a planetary terrain.

Some activities are best done in a lab or classroom. Others are designed to be done out-of-doors.
Two of the lab/classroom activities use some collected samples.

LAB = Activity for the lab or classroom
FIELD = Activity to be done out-of-doors
COLLECT = Activity using collected samples
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Teacher’'s Guide
Part 2

No.

List of Activities by Type

MO1
MO03
M04
MO5
MO06
M09
M10

Design and Construct a Model Rocket
Determine a Spacecraft Surface — Heat Transfer
Map a Planetary Terrain

Acceleration of a Falling Object

Design Landing Bags

pH of Samples from Other Worlds

Test for Life: Measure a Chemical Reaction

M02
MO7
M08

Acceleration of a Model Rocket
Temperature at Different Locations
Relative Humidity

FIEID

M09

pH of Samples from Other Worlds

Description

EachLAB activity in theMission to Other Worldpart ofEarth Science Labs

with Computershas three part&#lemorandumProcedure Outlingand

Report

\°ZJ

The Memorandunfrom the Space Agency administrator explains the task for each activity.

The Procedure Outlinéhas general suggestions for performing the task. The outline includes the
following parts:

Equipment List

Consumables List

Purpose

Hypothesis

Background

Safety Reminders

Procedure ldeas

Analysis ldeas

If you have questions that tiRrocedure Outlinecan’t answer, you can refer to the more detailed
information in theTechnical Manuakection Appendix B.

The Reportis where you record your results and write your conclusion.

EachrIELD activity involves making measurements and recording observatiC,
and data away from the classroom. You will use the “data logging” feature
ScienceWorkshapOO0 Interface. Th&cienceWorkshopOO0 Interface can operafe
on batteries. Refer tAppendix Cfor more information about using the

ScienceWorkshapOO0 Interface for data logging.

The COLLECT activity starts with collecting various samples. The rest of the activj
done in the lab or classroom using 8@enceWorkshoprogram and interface.

94
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Teacher’'s Guide Earth Science Labs with Computers
Part 2 Memorandum — Mission to Other Worlds

Teacher's Guide Notes — About the Mission to Other Worlds

Goal

The goal is to involve each student in creative role-playing and problem solvi
while they are learning fundamental science concepts and skills. They will ma
predictions, observe phenomena, record measurements, modify parameters,
draw conclusions. In other words, they will “do science”.

Teacher’'s Role

The teacher’s role is “project manager”. The fictional character that is the Space Agency
administrator asks the team of student researchers to submit their reports to you — the project
manager — for evaluation. In some activities, you will provide samples for your “research
teams” (student groups) to investigate. In every activity, you will be the safety officer, the guide,
and the resource person.

Activity Descriptions

The activities in théission to Other WorldeMTOW)part ofEarth Science Labs with

Computersare similar to the tasks performed by scientists and engineers at space agencies
around the world. Some activities involve designing, building, testing, launching, and landing a
spacecraft. Other activities are related to exploring a planetary surface and testing for evidence of
life.

Teacher’s Guide Description — Part 2

As in Part 1, the pages in the Teacher’s Guide for Part 2 are the same as the | =

in the Student Workbook. However, the Teacher’'s Guide contains typical answ -

to the questions in thReport™section, and includeseacher’'s Notessection with |=
time estimates, objectives, tips, and sample data.

Appendix B provides details of the procedure for each activity, such as how to
calibrate a sensor, if needed. Appendix C describes how to use the
ScienceWorkshap0O0 Interface for “data logging”

The next page is a preparation information summary for the activities in Part 2

Notes
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Teacher’'s Guide

Memorandum — Mission to Other Worlds Part 2
Preparation Information Summary
The following is a summary of information about each activity.
Teacher’s Guide Preparation Summary — Part 2
e Type: Type of activity, C = Collect, F = Field, L = Lab
« Pre-lab: Does the activity require preparation before the day of the activity?
e Cal.: Calibration of sensor(s)
e Prep. Time: Estimate of preparation time on the day of the activity
e Act. Time: Estimate of activity time
»  Other: Miscellaneous reminders
No. | Title Type Pre-lab Cal. | Prep. | Act. | Other
Time | Time
MO1 | Design and Construct a Model Rocket L gather no 2 hrs 3 note
materials days 2
MO2 | Acceleration of a Model Rocket F safety, role no 15 45
playing, min min
review data
logging
MO3 | Determine a Space Craft Surface L safety no 15 30 note
min min 3
MO04 | Map a Planetary Surface L safety, Motion no 15 30
Sensor tutorial min min
MO5 | Acceleration of a Falling Object L review yes 15 30
calibration min min
MO06 | Design Landing Bags L Keyboard no 15 15
Sampling min min
MOQ7 | Temperature at Different Locations F review data no 15 30
logging min min
MO8 | Relative Humidity F room temp. no 15 30
water min min
M09 | pH of Samples from Other Worlds C collect yes 15 30
samples min min
M10 | Test for Life: Measure a Chemical L prepare “soil” no 1hr 30
Reaction samples min
Notes
2. Students can begin collecting materials weeks in advance.

3.

96

Room temperature water is needed.
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Teacher’'s Guide
Part 2

Earth Science Labs with Computers
MO1: Design and Construct a Model Rocket

Memorandum — Activity MO1: Design and Construct a Model Rocket

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 12 Sep. 2017 A.D.

TO: Science
Research Team

Greetings, ;;tin:ﬁ;:;nus,
Allow me to introduce myself. My name is Joe Venus and | am the Space Agency famn
administrator for the Mission to Other Worlds project. Your team has been selected

to perform several scientific activities related to our project. Congratulations!

Background:

Your scientific research will help us to determine the best methods and materials to use for
the upcoming mission. It is important to make the most accurate measurements possible,
to carefully record your data, and to make a thorough report of your results. | have the
highest confidence in you.

Your first task is to design and construct a model rocket.

You will use your model in upcoming activities to determine its maximum acceleration and |
to test different materials that are under consideration for the hull of the spacecratft.

The next section of this Workbook is the Procedure Outline for this activity. It will give you
some ideas, but, as always, if you can improve on the methods or materials, please do so.
Remember, read and heed the Safety Reminders in the outline.

>
==

Refer to the Technical Manual in Appendix B of this Workbook for more detailed
information on the tasks for this project.

| look forward to seeing your reports for the tasks related to this project. Please submit your
reports to the project manager so the manager can forward them to me.

Q=
¢

Thank you for your efforts. Good luck on the activities.

Yours,

Joe Venus
Space Agency Administrator
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Teacher’'s Guide Earth Science Labs with Computers
Part 2 MO1: Design and Construct a Model Rocket

Procedure Outline — Activity MO1: Design and Construct a Model Rocket

This is a LAB activity.

Equipment Qt y | Consumables Qty
Construction tools - Construction materials -

Per Student Qty

Protective gear 1 set

|VOCABULARY |drag |stabi|ity Ithrust | weight |

What Do You Think

What things increase or decrease the amount of drag on a rocket when it is in a planet’'s
atmosphere? What things increase or decrease the amount of stability of a rocket? What must be

y true about the thrust of a rocket compared to its weight?

E‘!él | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Imagine a rocket on a launching pad, ready for take-off. The
countdown goes to “Zero — Ignition”, and the engines roar to life
In order for the rocket to leave the pad, tineist of the engines
must be greater than thesight of the rocket.

As the rocket climbs through the atmosphere, its welgbteases
because the engines burn fuel and send the hot gases at great s
out through the exhaust nozzles. The rocket accelerates to faste
faster speeds. At the same time, the air resistandeagyincreases
because the rocket has to push more and more air out of the way
goes faster and faster. For the ascending portion of the flight, the
thrust must be greater than the sum of the weight and the drag.
Eventually the rocket gets above the thickest layers of the
atmosphere, and the drag decreases.

The rocket needstability in order to stay on course as it goes up.
has several ways to maintain stability. During the ascending port
of the flight, it has powerful gyroscopes to help keep it on course
orbit, it can use attitude control jets to adjust its motion. During

descent and landing, a spacecraft such as the Space Shuttle reli
the delta-shaped wings and vertical stabilizer to control the motig

Model Rocket

Your model rocket must have enough thrust to overcome its weig
It needs to have maximum stability and minimum drag.

SAFETY REMINDERS ) THINK gAFETY
. Use all construction tools carefully. Be particularly cautious with @ ACT SAFELY

knives, scissors, and other sharp tools. BE SAFE!

. Wear protective gear while using the construction tools.
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Procedure Outline

1.
2.

[V]

100

Create a design for your model rocket.

Carefully draw and label a sketch of your design and
seek approval for your design from the project
manager.

Modify the design as needed based on the managr
recommendations and, once the final design is
approved, construct your model.

Include a sketch of your final design in your report
to the administrator.

Answer the questions in the Report.

Remember, for more detailed information see  Appendix B
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Part 2 MO1: Design and Construct a Model Rocket

Report — Activity MO1: Design and Construct a Model Rocket

NAME
CLASS
DATE

[ ]What Do You Think?

What things increase or decrease the amount of drag on a rocket when it is in a planet’s
atmosphere? What things increase or decrease the amount of stability of a rocket? What must be
true about the thrust of a rocket compared to its weight?

Answers will vary. See the answers to the questions

[ ] Rocket Design

1. Include a detailed sketch of your final design for your model rocket. (Attach extra sheets if
necessary.)
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MO1: Design and Construct a Model Rocket Part 2
[ ] Questions
1.  What things increase or decrease the amount of drag on a rocket when itis in a planet’s

atmosphere?
Answers will vary. One thing that increases the amount of drag on a rocket when it is a

planet’s atmosphere is the resistance of the atmosphere. One thing that decreases the

amount of drag is a streamline shape for the rocket.

What things increase or decrease the amount of stability of a rocket?

Answers will vary. One thing that increases the stability of a rocket is the length. The
longer the rocket, the more stable it tends to be. Fins also increase stability. One thing that
decreases the stability is an imbalance in the distribution of mass.

What must be true about the thrust of a rocket compared to its weight?
Answers will vary. The thrust of the rocket must be greater than the weight

Complete the following:

VOCABULARY |

drag: Drag is anything that hinders the motion of something.

stability: Stability is a measure of how stable or balanced something is.

thrust: Forward force produced (as in a rocket) by the high speed jet of fluid discharged rearward.

weight: Weight is the measure of the force of gravity on an object. It is proportional to the object’'s mass.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Part 2 MO1: Design and Construct a Model Rocket

Teacher’s Notes — Activity MO1: Design and Construct a Model Rocket

The following is a list of suggested materials and tools for constructing a model rocket.

Suggested Materials Qty  Equipment and Tools Qty
cardboard sheets, approx. 21 by 28 cm 1 or 2 | pencil or pen 1
cardboard tube*, approx. 60 cm long 1 ruler or straight-edge 1
glue 1 tube | scissors 1pr
newspaper, sheet several

plastic sheet, thin, approx. 30 by 30 cm 1 Optional

plastic soda bottle** 1 hot glue gun

string 4m | paint

tape 1 roll | paint brush or sprayer

*The cardboard tube can be smaller in diameter than the plastic soda bottle.
**The plastic soda bottle should be between 500 mL and 2 L.

Time Estimates |Preparation: 2 hours Alctivity: several hours

Objectives

Students will be able to...

» design and build a simple model rocket

» describe the relationship between the thrust of a model rocket and the weight of the rocket
Notes

Pre-lab: Gathering Materials

Talk to your students about the materials needed for this activity a few weeks in advance of

when you plan to begin the activity. You may wish to ask for volunteers to get specific items,

and give each volunteer a materials checklist to help them remember. Perhaps you can put a
poster on a wall that shows the number of each item needed, how many have been collected, and
how many days remain to the beginning of the activity (see the last page). Give a team of
students the responsibility of checking on the materials and marking progress on the poster.

Organization

Students tend to be enthusiastic about model building. It promotes creative thinking. It's
challenging and fun. In this case, it culminates in a hands-on outdoor activity.

Harness the student energy. Organize your students into teams with various responsibilities:
gathering materials, record-keeping, managing the construction tools, and clean-up after
construction.

Safety During Construciton

Safety is a primary concern both during construction of the model rockets and later during the
launch. You probably have your own classroom rules for using scissors, knives, or other tools.
Perhaps you can assign a different student each day to recite the safety rules regarding
construction tools.

SAFETY REMINDERS THINK SAFETY
¢ Use all construction tools carefully. Be particularly cautious with knives, ACT SAFELY
scissors, and other sharp tools. BE SAFE!
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Construction Notes

The section of the Technical Manuaéé Appendix)Hor this activity gives ideas
for constructing an engine, fins, body, and parachute from a plastic soda bottle
cardboard sheet, cardboard tube, and plastic sheet.

Parachute

Parachute
lines

Body
tube

Model Rocket Launcher

A Bottle Rocket Launcher (Model P4-2000) is available frsmor Scientificfor
about $20. The launcher is manufactured’hg Science Source

Bottle
(engine)

Arbor Scientific The Science Source
P.O. Box 2750 P.O. Box 727

Ann Arbor, Ml 48106-2750 Waldoboro, ME 04572
(800) 367-6695 (207) 832-6344

The Bottle Rocket Launcher from Arbor Scientifjic Locking ~ Rubber
is a ready-to-use launcher with a rubber stoppe bar __ Stopper
that fits into the neck of a plastic bottle. The rubper :
stopper is attached to an air hose that connectgto a
bicycle tire pump. The air hose has a Schrader

type bicycle tire valve at the end. The launcher as,
metal jaws that hold the neck of the bottle. A | /99" |
locking bar keeps the metal jaws in place until if's
time to launch. A trigger line pulls out the lockin
bar to release the rocket.

Air hose

Launcher

The launcher legs are pushed into the ground to support the launcher. The instructions suggest
that you use three dowels or sticks to help support the plastic bottle.

The air hose is about 2 meters long and the trigger line is about 4 meters long.

Materials Checklist and ‘Countdown to Launch’ Poster

This type of activity can generate a lot of interest.
Students tend to be eager to participate. Some time
before.the aCtIVIty. beglns’ yOU may \N.ant to pOSt a I. Materials Checklist l'illgqubeedr rc\llglrlr(]e?:?éd
‘Materials Checklist’ for each class with the items and

guantity needed. Another idea is to display a ‘Days to A. Plastic soda bottles
Beginning of Construction’ or a ‘Countdown to Launch’ & cadboard wbes
calendar. Perhaps members of each class could volunteer,
to check in and store the materials that students bring to
class.

Class,

Activity MO1: Design and Construct a Model Rocket

. Plastic garbage bags

D. Cardboard sheets

Il. Days to Beginning of Construction
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Teacher’'s Guide
Part 2

Memorandum — Activity MO2: Acceleration of a Model Rocket

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 05 Oct. 2017 AD

TO: Science
Research Team

Greetingsy FROM: Joe Venus,
ol

First, thank you for the reports on your model rocket construction. The project sackround

manager forwarded the reports to me, and they were impressive. Keep up the

good work.

Your next task is to test a critical performance feature of your model rocket design — the acceleration.

The acceleration of an object is a measurement of the rate at which it changes |
velocity — the speed and/or direction of motion.

We know from previous missions into space that humans cannot perform their Il
tasks if the acceleration is too great. Your task is the measure the acceleration of o
your model rocket during launch. 1

The next section of this Workbook is the Procedure Outline for this activity. It will o
give you some ideas, but, as always, if you can improve on the methods or

materials, please do so. Remember, read and heed the Safety Reminders in the

outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed .
information on this task.

| look forward to seeing your reports for this activity. Information about the
acceleration of the model rocket is vital to the engineers who are designing our
spacecraft. Please submit your reports to the project manager so the manager can forward them to me.

Again, thank you for your efforts. Good luck on the next phase of the project.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity M02: Acceleration of a Model Rocket

This is a FIELD activity that uses the ScienceWorkshop 500 Interface for data logging.

Equipment Per Team

Per Class Qty | Container, 2 L (for carrying water)
ScienceWorkshop™ 500 Interface 1 Model rocket 1
Motion Sensor (CI-6742) 1 Per Student

Air pump (e.g., bicycle tire pump) 1 Safety goggles 1 pr
Base & Support Rod (ME-9355) 1 Consumables

Dowels or sticks 6 Cardboard sheet (splash shield) 1
Model rocket launcher 1 Tape 1 roll
Tire pressure gauge 1 Water 3L
|VOCABULARY |acce|eration | mass | net force |ve|ocity |

What Do You Think?

What is the acceleration of your model rocket at launch? What happens to the acceleration if less
water is pressurized in the engine? What happens to the acceleration if more water is pressurized
in the engine?

< | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

The speed and direction of motion of an object igetecity. Whenever an
object changes its velocity, it undergoes acceleration. One way to desc
accelerationis to say that it is a measure of the rate of change of velocit
What causes acceleration?

A force is a push or a pull. Thneet force on an object is the combination of
all the pushes and pulls on the object.

The net force on an object causes its acceleration. The more the net force,
the more the acceleration. The less the net force, the less the acceleration.
Therefore, the net force on an object is one of the things that determines
how much acceleration the object has.

A basic property of every object is the other thing that determines how much
acceleration there is. That basic property is the object’'s massndssof
an object is the amount of matter in the object.

The mass of an object determines how much resistance the object has to the \
net force that is applied to it. In other words, when a net force is applied to

an object, the more mass it has, the less the acceleration. The less the mass

the object has, the more the acceleration it will have.

This is aFIELD activity. You will use a Motion Sensor to measure how fast your model rocket
is accelerating when it leaves the launch pad.
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MO2: Acceleration of a Model Rocket Part 2
SAFETY REMINDERS THINK SAFETY
* Wear protective goggles. ACT SAFELY

» Place the launcher securely into the ground. BE SAFE!

» Do not pressurize the model rocket beyond 40 pounds per square inch. Q

» Do not aim the rocket at anyone, or at buildings or other structures. @

* Do not look down at the rocket during pressurization or launch.

Procedure Outline
[V] Remember, for more detailed information see  Appendix B . L

In this activity, use the Motion Sensor to measure the change in Motion of YOU susswes s
model rocket as it leaves the launch pad. For the first trial, use a standard am s s
of water in the engine (bottle). For the second trial, reduce the amount of wate¢ "=~ =====

but pressurize the bottle to the same pressure as for the first trial. For the thir( we s s
increase the amount of water but keep the pressure the same.

[ ] A. Set Up the Equipment
1. Fill the 2 liter containers with water.

2.  Getready to carry the water containers and other equipment (air pump, base and support
rod, model rocket & launcher, tire pressure gauge) to the launch site.

[ ] B. Set Up the Experiment

You can use th&cienceWorkshop0O0 Interface to record data outside of a classroom. You can
program the interface while it is connected to the computer, disconnect the interface and go
collect data, and then re-connect the interface to the computer to analyze your data.

See Appendix C for detailed information about how to use the ScienceWorkshop 500 Interface for
“data logging”

1. StartDataStudioor ScienceWorkshoand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO02 Model Rocket.DS MO2 Acceleration M02 ACCE.SWS

. The file opens with a Graph display. The Trigger Rate for the Motion Sensor is set to 50
Hz (50 samples per second).

2. Inthe software, prepare the interface for data loggbee Appendix.C
3.  Disconnect the interface from the computer and power supply.
4.  Carry the equipment, interface, and Motion Sensor to the launch site.

[ ] C. Do the Experiment

. For the first trial, fill the bottle half full of water and pressurize to 40 pounds per square inch
(p.s.i.) with the air pump.

. For the second trial, fill the bottle less than half full of water and pressurize to 40 p.s.i.

. For the third trial, fill the bottle more than half full of water and pressurize to 40 p.s.i.
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Part 2 MO2: Acceleration of a Model Rocket
1.  Connect the Motion Sensor plugs into . “Line-of-siaht"

Digital Channel 1 and Digital Channel ] », Line-of-sight

on the interface box. Mount the Motion Rocket

Sensor on the support rod. ‘ ‘

2. Putthe launcher legs securely into the 5 || Motion
ground. Add water to the bottie. Push fhe” enser
rubber stopper into the bottle neck and g f N
set up your model rocket on the launcher. >T3Pe

3.  Setthe Motion Sensor and interface ™~

about 1 meter from the launch site. Aim  Launcher Dowelor  Curved cardboard
the Motion Sensor so that its “line-of- stick splash shield
sight” is at the top of the model rocket.

4.  Make a curved splash shield and put it
between the base of the launcher and the

Motion Sensor to protect the sensor frg
water.

5.  Connect the air hose valve stem to yol
air pump. Pressurize the bottle to 40
pounds per square inch and prepare tq
launch the rocket.

Top View
“Line-of-sight”

Motion
Sensor

Rocket Dowel or  Curved cardboard
stick splash shield

6. When you are ready, press the LOG button on the front of the interface. Wait ten seconds.

7.  When the green light-emitting diode on the front of the interface begins blinking rapidly,
tug sharply on the trigger line to launch the rocket.

8.  After the rocket launches, press the LOG button on the front of the interface to stop data
recording.

9. Recover the model rocket and repeat the launch procedure, lhegsvgater than for the
first trial. Recover the model rocket and repeat the launch procedure, ibressater
than for the first trial.

[ ] D. Analyze the Data

1. Reconnect the interface to the power supply and computer. In the software, download the
data from the interface to the comput&eé Appendix.LC

2.  Examine each run of data in the Graph display to determine the acceleration of your model
rocket.

3.  Record your results and answer the questions in the Report.
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Report — Activity MO2: Acceleration of a Model Rocket

A
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What is the acceleration of your model rocket at launch? What happens to the acceleration if less
water is pressurized in the engine? What happens to the acceleration if more water is pressurized
in the engine?

Answers will vary. Students may predict that the acceleration will be greater if more water is
pressurized.

[ ]Analyze the Data

1. Use the Graph display to see how much the velocity changes for each trial. [Refer to
Appendix B for more information about using the Statistics that are part of the Graph

display.]

2. Foreachofthethree Motion of a Model Rocket
trials, sketch the change if — ]
o e 1 1 R
This is an example of the o 21 = -2021 71460
plot of velocity versus !’” ] 32 = 1296.34460
time for a model rocket. 21 e = 5 19650

<l /1 \\

1.30 1.0 1.70

® Time (=)

[ ] Conclusion

Answers will vary. One conclusion is that the acceleration of the model rocket is difficult to
measure! Another conclusion is that the changes in the amount of water used in the engine did
not make a measurable change in the acceleration.
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[ ] Questions
1. How do your answers to the ‘What Do You Think?’ questions compare with the results?
Answers will vary.

2. Inthis activity, which combination of water and pressurized air caused the most
acceleration?

Answers will vary. The acceleration of the model rocket is dependent on more factors than

just the combination of water and pressurized air in the engine. However, we found that

the original combination caused the most acceleration.

3.  Which combination of water and pressurized air caused the least acceleration?
Answers will vary. The combination of less water and the same pressure caused the least

acceleration. Although the overall weight of the rocket was reduced, so was the amount of
thrust.

Complete the following:

VOCABULARY |

acceleration: Acceleration is the change in velocity of an object.

mass: Mass is the amount of matter in an object. It is a measure of the object’s inertia.

net force: Net force is the sum of all the forces acting on an object.

velocity: Velocity is the speed and direction of motion of an object.

Optional

If one “g” is 9.8 m/set how many “g”s did your model rocket have?
Answers will vary. The data in the sample above give an acceleration df2/ef's!

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’s Notes — Activity MO2: Acceleration of a Model Rocket

Time Estimates |Preparation: 15 min Alctivity: 45 min

Objectives
Students will be able to...

e use a Motion Sensor to measure the motion of a model rocket during launch
» interpret a graph of a model rocket’s motion to determine its acceleration during launch

Notes

Safety

First, remind students abosafety Please require them to wear protective goggles at launch.
SAFETY REMINDERS THINK SAFETY
» Wear protective goggles. ACT SAFELY
» Place the launcher securely into the ground. BE SAFE!

» Do not pressurize the model rocket beyond 40 pounds per square inch. Q

» Do not aim the rocket at anyone, or at buildings or other structures. @

* Do not look down at the rocket during pressurization or launch.

Role Playing

This activity is an opportunity for student role-playing. For

example, each team of students could select members of their &

team for the following roles:

VTeam Flight Director — responsible for checking that all systems
are “go” and for pulling the trigger line.

VOperations Officer — responsible for filling the engine with water,
setting up the team’s model rocket on the launcher, and pressurizing
the system.

VTracking Systems Officer — responsible for aligning the Motion Sensor so it is “aimed” at the top of the
model rocket before launch.

VLaunch Officer — responsible for pressing the LOG button on the interface and announcing the
countdown to launch.

If the team plans to launch their model rocket more than one time, they can rotate
responsibilities. For example, the Operations Officer for Launch #1 might BatkepTeam

Flight Director for Launch #1, and would serve as Team Flight Director for Launch #2, and so
on.

In addition, members from the class could be assigned other tasks:

vLaunch Managers — responsible for getting the launch equipment (e.g., launcher, dowels, air pump)
from the classroom to the launch site and for setting up the launcher and splash shield.

VSafety Officers — responsible for reminding all launch personnel about the safety rules.

vLaunch Recorders — responsible for recording the order of launch so that each run of data can be
matched up with the correct team.

VvRecovery Teams — responsible for recovery of the model rockets after launch.
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Preparation for Launch
The following is a summary of how to prepare the model rocket for launch.

e Turn the rocket so the neck of the bottle is up. Half fill the bottle

with water. 'Bottle

e Putthe end of the air hose through the base of the launcher Locking bar ¢— Neck ring
between the arms. Press the rubber stopper firmly into the neck —_— L auncher
of the bottle. Place the rubber stopper and bottle between the arm

arms of the launcher.

- . i Air hose
« Each arm of the launcher has a notch in its side. Move the arms Trigger
line Rubber

so that each notch fits over the neck ring of the bottle. When the stopper ¥ Launcher
arms are in place, put the ends of the locking bar into the holes leg
on the launcher arms.

» Take the launcher and rocket to an appropriate launch site.
Press the two pointed legs of the launcher into the ground to -
anchor the launcher in place.

» Push three dowels or sticks into the ground at equal intervals of
distance around the side of the rocket to support the rocket.

» Attach the valve stem on the end of the air hose to the bicycle Dowel or
tire pump. stick

*  Pump up the air pressure inside the bottle to 40 pounds per
square inch, but no more!

Set Up the Motion Sensor

e Mount the Motion Sensor on the support rod.

» Set the Motion Sensor and interface about 1 meter from the d
launch site.

Air hose

Trigger:
¢ Aim the Motion Sensor so that its “line-of-sight” is at the top of line

the model rocket.

* One way to line up the Motion
Sensor is to look at the brass-colored
transducer on the front of the sensor.
If you can see the reflection of your .
eye, then you know where the ’
sensor’s “line-of-sight” is located. jt

* If you can see the top of the rocket

and your eye in the reflection from rocket ‘Line-of-sight”
the transducer, then the line of sight ocke ’
of the sensor is at the top of the | powelor
rocket. . 1 stick 1
Motion
Sensor
Trigger line
Interface
Launcher
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» Put a piece of cardboard as a “splash shield” ‘ “Line-of-sight”
between the launcher and the Motion Sensor to _ " Rocket .
keep the sensor from getting wet. You can make ocke
a splash shield from a single sheet of cardboard N
(21 by 28 cm), some tape, and three dowels or Motion
sticks. Sensor
Launch = ﬁ
>Tape
« Discuss the way you want the launch to go %
before the students go to the launch site. T~ ]
. . Launcher Dowel or  Curved cardboard
» Establish rules about where participants and stick splash shield
observers are to stand relative to the launch
site. Top View
«  Warn the “launch personnel” that they may get ‘Line-of-sight”
sprayed by water as it shoots from the end of <«— Tape
the rocket. Motion
Extensions Q . sensor
Students can measure the effect of different
levels of air pressure on the model rocket’'s \
altitude. Another extension is to keep the Rocket  Dowelor Curved cardboard
amount of air pressure constant, but vary the) stick splash shield
amount of water.
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Memorandum — Activity MO3: Determine a Spacecraft Surface - Heat Transfer

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 25 Oct. 2017 AD

Greetings,

TO: Seience
Research Team
FROM: Joe Venus,
Space Agency

First, thank you for the reports on the acceleration of your model rockets. The Adminisiater

project manager forwarded the reports to me, and | just finished reviewing them.
Your results are very important to the design engineers.

Background:

The next task deals with the surface of our spacecraft. The design engineers plan to use
aluminum metal because it is light, strong, and inexpensive. They need to know what will
happen to the temperature of storage tanks and other equipment that is just inside the
surface of the spacecraft.

The water storage tanks and some of the other equipment inside the spacecraft must be
kept warm. The engineers want to know whether a dark colored aluminum surface can
absorb enough radiant energy from the sun to keep the tanks and other items warm inside.

The liquid oxygen and liquid hydrogen tanks need to be kept cold. The engineers want to
know whether a shiny aluminum surface can reflect enough radiant energy from the sun to
keep the fuel tanks cold inside.

The next section of this Workbook is the Procedure Outline for this activity. It will give you
some ideas, but, as always, if you can improve on the methods or materials, please do so.
Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information
on this task.

I look forward to seeing your reports for this activity. Information about the change in temperature for a
shiny surface versus a dark-colored surface is vital to the engineers who are designing our spacecratt.
Please submit your reports to the project manager so the manager can forward them to me.

Again, thank you for your efforts. Good luck.

Yours,

Joe Venus

Space Agency Administrator

TG: MO3
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Procedure Outline — Activity MO3: Determine a Spacecraft Surface - Heat Transfer

This is a LAB activity.

Equipment Qty | Consumables Qty
Temperature Sensor (CI-6505A) Water 1L
Aluminum can, black (TD-8570A)
Aluminum can, shiny (TD-8570A)
Graduated cylinder, 100 mL
Heat lamp

Ruler or Metric tape (SE-8712A)
Thermal insulation pad

Per Student Qty
Protective gear 1 set

NI GG

\VOCABULARY [conduction | convection [ heat | radiation |

What Do You Think?

What is the change in temperature of a shiny, unpainted aluminum can compared to the change
in temperature of a dark-colored aluminum can when both are exposed to a source of radiant
energy?

# | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Heat is thermal energy in transit. Heat transfer happens when two objects are at different
temperatures.

Heat is transferred in three wagsinduction,
convection andradiation. When an aluminum
can full of hot water sits in a room, the water
transfers heat to the room by all three methods.
Heat is transferred by conduction through the
sides of the can because air molecules make
direct contact with the can. Air molecules that
become warm by conduction carry thermal
energy with them as they “bounce” their way
upward from the can. This is heat transfer by
convection. Finally, a small amount of thermal
energy leaves in the form of electromagnetic
waves that are emitted from the can’s surface.
This is heat transfer by radiation.

If an aluminum can full of room temperature
water is exposed to a heat lamp, the can will
absorb radiant energy. When an object absorbs E@AJ

CONYECTION

H—m’—l‘—'
counucnou/\‘ #" RADIATION
M

radiant energy, its temperature usually rises.
Some surfaces are able to absorb radiant energy /
better than others.
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This is aLAB activity. You will use Temperature Sensors to measure the rate of change of
temperature for water in two different aluminum cans exposed to a heat lamp.

SAFETY REMINDERS (LAB) —
. Wear protective gear while handling hot objects. @’

. Follow directions for using the equipment.

Procedure Outline
[V] Remember, for more detailed information see ~ Appendix B .

In this activity, use two Temperature Sensors to measure the change in temperatt E S
equal amounts of water in two different aluminum cans as the cans are warmed b 7727

1

heat lamp. P
[ ] A. Set Up the Equipment

1. Prepare the two aluminum cans (one shiny and one painted black). Fill each can with the
same amount of room temperature water.

2.  Place each can on an insulated pad. Keep the cans Temperature
f draft Sensors
away from drafts.

3. Pluginthe heat lamp but don'tturnitonyet. | 1, erface
Place each can so it is the same distance from|the
front of the heat lamp.

4, Connect one Temperature Sensor into Analog
Channel A on the interface. Connect the second
Temperature Sensor into Analog Channel B on|the
interface.

To Interface

5. Put Temperature Sensor A into the shiny can gnd Shiny can Dark-colored can
put Temperature Sensor B into the dark can.

[ 1 B.SETUPTHE EXPERIMENT
1. Connect the sensor to the interface.
StartDataStudioor ScienceWorkshoand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO3 Heat Transfer.DS MO3 Heat Transfer M03 HEAT.SWS

] C. Do the Equipment
Turn on the heat lamp. Be sure that both cans receive the same amount of radiant energy.
Begin recording data. Data points will appear on the Graph display every 10 seconds.

Stir the water in both cans continuously for 15 minutes. Data recording stops
automatically.

W=

[ ] D. Analyze the Data
Examine the Graph display to find the minimum and maximum temperature for each can.

=

2.  Record the minimum and maximum temperatures and calculate the change in temperature
for each can.

3.  Record your results and answer the questions in the Report.
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Report — Activity MO3 : Determine a Spacecraft Surface — Heat Transfer

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What is the change in temperature of a shiny, unpainted aluminum can compared to the change
in temperature of a dark-colored aluminum can when both are exposed to a source of radiant
energy?

Answers will vary. Students may predict that the temperature of the blagklcaimange more
than the temperature of the shiny, unpainted can.

[ ]Analyze the Data

1. Use the Graph display to see how much the temperature changes for the water in each can.
[Refer to Appendix B for more information about using the Statistics that are part of the
Graph display.] Record the results.

Can Maximum temperature Minimum temperature Ghan gein tem perature
Shiny 25.0°C 21.2°C 3.8°C
Black 35.6°C 20.9°C 14.7°C
2. For each Temperature Sensor, Temperature vs Time
sketch the change in ——
temperature. ~& "1 Shiny can sount = 50

rainirnurm

Z0

This is an example of the plots
of temperature versus time for
the shiny can and the black carj.

%= 00000,y =21 2897

INEEA TN

® = 8900000, y = 250003
== rmean:

.-r"l.-"'l-"—""""ﬂ % = 44500000, y = 2311485

g standard dewiation:

=261 24701 =1 Oendd

E
Fun #¥1 @

Ternp (*C)

23

23 0

m
| |

Black can | | count =350

‘J—r‘ rinirnurm
= 0.0000,y = 209967
INEEA TS

= 8900000, y = 356456
Mnean :
] x = 445.00000,y = 2852192
4 u,.!' standard dewiation:

o= M1 AN = A4 A0

20
=5

E
Fun #¥1 @

Termp (*C)

23

20

0z 4 & 2 10 12 14

® Time (rinutes)

[ ] Conclusion
Answers will vary. One conclusion is that the temperature of the black can changes much more
than the temperature of the shiny can when both are exposed to a heat lamp.
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[ ] Questions
1. How does your answer to the ‘What Do You Think?’ questions compare with the results?

Answers will vary.

2. Inthis activity, which can of water had the greatest change in temperature?
In this activity, the black can of water had the greatest change in temperature.
3. Which can of water had the smallest change in temperature?
The shiny can of water had the smallest change in temperature.

4.  Which kind of surface (dark or shiny) should be used on those parts of the spacecraft that
must stay cool inside?

Based on the results in this activity, the shiny surface should be used on those parts of the
spacecraft that must stay cool inside.

Complete the following:

VOCABULARY |

conduction: Conduction is a method of thermal energy transfer where energy is transferred by direct
contact.

convection: Convection is a method of thermal energy transfer where energy is carried by a fluid (such
as a liquid or gas).

heat: Heat is the transfer of thermal energy.

radiation: Radiation is a method of thermal energy transfer where energy is transferred in the form of
electromagnetic waves.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’s Notes — Activity MO3: Determine a Spacecraft Surface

Time Estimates |Preparation: 15 min Alctivity: 30 min

Objectives
Students will be able to...

» use Temperature Sensors to measure the change in temperature of equal quantities of water inside
aluminum cans with different surfaces

» describe which surface (shiny or black) absorbs radiant energy to cause the greatest change in
temperature

Notes
This is aLAB activity that involves a heat lamp. Please review safety procedures.

Safety

First, remind students abosdfety Please require them to wear protective goggles. (Heat lamp
bulbs can break. Hot water might spill and scald someone.)

SAFETY REMINDERS (LAB) Q
. Wear protective gear while handling hot objects. @
. Follow directions for using the equipment.

Setup

You may want to discuss “control” and “variable” before students begin the setup. Temperature
and quantity of water are two of the controls in this activity. The surface of the cans is a variable.

The water used to fill the cans does not have to be exactly at room temperature. However, the
water in each can must be the same temperature, and each can must be filled to the same level.

Another important control is the distance from the heat lamp to each can. Challenge your
students to be as precise as possible in placing the two cans so they are same distance from the
heat lamp.

Data Recording

Data recording stops automatically at 15 minutes. Students need to concentrate on swirling the
water in the cans during that time. Stirring with the sensors is better than moving the cans to
swirl the water.

Data Analysis [ Dispiay R

12,3 New Digits

In addition to using the Graph display, students can also use the Tab

display to find the difference between the minimum and maximum (2 e Mater
temperature of the water in each can. EH new scope

Click theDisplay menu and selectew Table.

New Graph

Click the Statistics buttor) to open the statistics area at the bottor. '
of the Table.
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Extension

Repeat the procedure, but begin with equal quantities of hot (80 °C) water in each can. Let the
cans cool (i.e., don’t use the heat lamp). Determine which of thecoalsfaster.

Repeat the procedure with hot water in each can, but place a fan at an equal distance from each
can. Turn on the fan so it sends air over each can. Determine whether the moving air changes the
rate of cooling.

Temperature Graph=—"0————H H

it w|[Al[Z] v & pata v |[X][EE ¥

O
S EE
36

4

F Unpainted Can Run #1
B Elack Painted Can Run *1

Timels)
100 200 00 400 00 &00 Too 00 200

=

i
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Memorandum — Activity MO4: Map a Planetary Surface

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 30 Oct. 2017 AD

TO: Science

Greetlngs Research Team

FROM: Joe Venus,
Space Agency

Your work in determining the spacecraft surface was outstanding. The project Adminisiater
manager forwarded the reports to me, and | sent a summary of your valuable Backgraund
results to the design team. Thanks again.

Af\\ We are ready to tackle a new part of the project. The next
/ few tasks all deal with planning the very difficult entry,
descent, and landing phase of our mission to another world.

The first task is to test a method for mapping a planetary
surface. A map of a planet’s surface is essential in
determining where to land our spacecraft.

The flight director intends to use a type of altimeter that is

= similar to the one on the Mars Pathfinder Lander. The
altimeter determines the distance from the spacecraft to the
planet’s surface as the spacecraft orbits the planet.

As the spacecraft maintains a constant speed in a circular orbit, the altimeter device sends pulses of
ultrasound down to the surface and records the echoes that bounce back from the terrain below. The on-
board computer calculates the relative distance from the spacecraft to the surface features.

A plot of the relative distances can give us a good idea of the roughness of the surface.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

Please submit your reports to the project manager so the manager can forward them to me. | look forward
to reading them. | will give your results on planetary mapping to the flight director and other project
planners.

Your hard work is appreciated. Good luck.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity M0O4: Map a Planetary Surface

This is a LAB activity that uses the ‘data logging’ feature of the interface.

Equipment Needed Qt y | Other Qty
ScienceWorkshop™ 500 Interface 1 Miscellaneous objects 4-5
Motion Sensor (CI-6742) 1 Tape measure (optional) 1
|VOCABULARY |altimeter |a|titude |e|evation |terrain |

What Do You Think?
How can a Motion Sensor be used to mapelbgationof the surface features of a planet?

ﬁé} | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

The Mars Pathfinder spacecraft used a laser altimeter to determine its height (altitude) above the
surface of the planet Mars. A similar type of instrument on board the Mission to Other Worlds
spacecraft will measure the altitude of surface features as the spacecratft orbits the planet it visits.
Both instruments use a method of distance measurement that is somewhat like the distance
measurement method used by the Motion Sensor arfscteerceWorkshoipterface.

About the Motion Sensor

The Motion Sensor sends out a burst of ultrasonic pulses and senses the echoes of ultrasound tha
bounce back from objects in front of it.

The software program records the round- PULSE
trip time and calculates the distance to the >
object. ECHO

=

You can plot the distance to an object on g < OBJECT
graph. If the Motion Sensor is used to 0 \ »
measure the distance from the sensor to @ <> ( C 9 ' ]

features on a model planetary surface, thej|

plot of distance on the graph is a map of the ®
elevation of the surface features on the MOTION SENSOR
planet. —

When a spacecraft in orbit around a planet measures the elevation of surface features, the
spacecraft maintains a nearly circular orbit. This insures that the spacecratft is at a constant
distance from the center of the planet, and moves with a constant speed. The challenge in this
activity is to carry the Motion Sensor along a straight line at a constant speed.

This is aLAB activity. You will use thescienceWorkshopOO Interface for data logging.

SAFETY REMINDERS THINK SAFETY
. Follow directions carefully when using the equipment for this activity. ACT SAFELY
BE SAFE!
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Procedure Outline
[V] Remember, for more detailed information see ~ Appendix B .
In this activity, carry the Motion Sensor and S&ienceWorkshaB00 Interface along | <

I

a straight line at a constant speed over a model of a planetary surface. Use the s¢ =2~ 0

measure the distance for each feature on the surface below it. s

[ ] A. Set Up the Equipment

Create a model “planetary” surface using chairs, books, @J
tables (even people) arranged inarowon aflat ~  ----------------- O
horizontal surface. Make sure that the person carrying N,
the Motion Sensor can move through the landscape in \—/
such a way that the Motion Sensor can measure the
distance from itself to the “features” on the surface.

[ 1  B.SetUp the Experiment AN am»

Use theScienceWorkshopOO Interface to record data

with the interface disconnected from the computer. You can program the interface while it is
connected to the computer, disconnect the interface and go collect data, and then re-connect the
interface to the computer to analyze your data.

|See Appendix C about using the ScienceWorkshop 500 Interface for “data logging” |
1. Connect the sensor to the interface. RataStudioor ScienceWorkshoand open the file

as follows:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO04 Map a Planet.DS MO04 Map a Planet M04 MAP.SWS

. The file opens with a Graph display. The file has a pre-made calculation for distance from
the sensor to the planetary “surface”.

2. Inthe program, prepare the interface to be disconnected for data lo§gadg\gpendix
C.) Then disconnect the interface from the computer and power supply.

[ 1] C. Do the Experiment

1.  Carry the interface and Motion Sensor to the edge of the “planet”. Hold the Motion Sensor
about 1.5 meters (5 feet) above the floor. Turn the sensor so it faces the floor.

2.  Press the LOG button on the interface to “wake” the interface and begin recording data.

. The green light-emitting diode (LED) will blink once per second for ten seconds while the
interface gets ready to record data. Recording starts when the green LED blinks rapidly.

3. Move at a slow, constant speed so the Motion Sensor can record the distance between it
and the features of the “planet”.

4.  When you reach the end of the landscape, press the LOG button again to stop recording
data and return the interface to “sleep” mode. (The green LED blink once every five
seconds.)

[ ] D. ANALYZE THE DATA

1. Reconnect the interface to the power supply and computer. Download the data from the
interface to the computeiS¢e Appendix.

2.  Use the Graph display to find the minimum, maximum, and mean values for the distances
to the planet’s surface features. Record your results and answer the questions in the Report.
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Report — Activity MO4: Map a Planetary Surface

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

How can a Motion Sensor be used to mapelbgationof the surface features of a planet?

Answers will vary. Students may predict that the Motion Sensor can be used as an altimeter that
sends out pulses of ultrasound and receives the echoes from the surface features.

[ ]Analyze the Data

1. Use the Graph display in to see how much the distance from the sensor to the planetary
“surface” changes as the Motion Sensor is carried over the “surface” along a straight line at
constant speed. [Refer to Appendix B for more information about using the Statistics that
are part of the Graph display.] Record the results.

Iltem Minimum Maximum Mean
Distance 0.40 m 2.10m 0.61 m
2.  Sketch the terrain of your Student Two students
planetary “surface”. on table Standing

This is an example of a Student Student

map of elevations of on chair on floor
several “surface - 5
features” on a “planetary \ rr\
terrain”. Note that the 2

altitude of the Motion ] l

Sensor is 2.1 meters

instead of the =]

recommended 1.5 meters

Fun *2 W
Dristance ()

“This surface has several tall

L "'"'J H ﬂ Back-pack
peaks that extend above the I

average height (0.61 m) of the | b_‘l -

0.5

terrain. It also has a deep valley
that appears to have a peak in =
middle - somewhat like a mid-

A =] 10 13 20 23 a0

ocean ridge. The mid-valley peak

reaches just above the average @ Time (£
height of the terrain. The feature at

the right is below the average Map a Planetary Surface

height of the terrain.”
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[ ] Question
1. How can a Motion Sensor be used to map the elevation of the surface features of a planet?

Answers will vary. The Motion Sensor measures the distance from it to the objects that are
set up as surface features on a model of a planet. If the distance to each object is
subtracted from the height of the Motion Sensor, a plot of distance shows a map of
elevation of the surface features.

Complete the following:

VOCABULARY |

altimeter: An altimeter is a device used to measure altitude.

altitude: Altitude is vertical elevation.

elevation: Elevation is the height to which something is raised.

terrain:The terrain is the tract of ground considered with reference to its surface features.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.

130 © 1999 PASCO scientific TG: M04



Teacher’'s Guide Earth Science Labs with Computers
Part 2 MO4: Map a Planetary Surface

Teacher’s Notes — Activity MO4: Map A Planetary Surface

Time Estimates |Preparation: 10 min Activity: 30 min

Objectives
Students will be able to...

* use a Motion Sensor to measure distances from the sensor to objects arranged to model a planetary
surface

» use the ‘data logging’ feature of the software and interface

» analyze the graph of data to determine the minimum and maximum distances from the sensor to the
‘planetary surface’

» describe the overall shape of the planetary surface based on their data

Notes

The Motion Sensor can be hand-carried if the interface is disconnected from the computer for
‘data logging’.

Alternate Setup

The Motion Sensor can be mounted on a horizontal rod that is supported at a fixed height above
the ‘planetary features’. Instead of carrying the sensor, have the students move the sensor at a
constant speed along the horizontal rod.

Changing the ‘Default’ Distance in the Calculation

Measure the actual distance from the sensor to the surface upon which the ‘planetary features’
are arranged. Enter this distance into the calculation in the software.

Click # 1 1 tch
D;inictciefnzoaccep B | S Hew || }(Remwel" ¥ fooept ”
|y = =u+1. |v|

2
[ Scientitic hlﬁtatistical = |[_Special_= | [oes [RAB] [Properties...

Yariables

[=] x = Positian, Ch1&:2

Experiment Constants

L Calculate
. In DataStudiq click the ‘Calculate’ button| \E

window. Change the distance and then click ‘Accept’.

|) to open the Calculator

. In ScienceWorkshoplick the ‘Calculator’ button
[0 =— Experiment Calculator =——=H
) in the Experiment Setup window. Changg|'>™*""
the distance and then click the ‘Equals’ ki) [feo~][WPuT] [Ren | [(tew ][ ow ][ petete |
on the keypad B Calculation Name
CIEIEIE] [pistance =1
[a)(s](e](+]
m Short Name Units
Co ] |Distance | [m |
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Memorandum — Activity M0O5: Acceleration of a Falling Object

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 05 Nov. 2017 AD

TO: Science

Greetings, Eﬁ?ﬁ’;ﬁe\?&u&
pace Agency
Congratulations on the great effort to test the planetary mapping procedure. Adminisiater

Background:

A problem has surfaced. The Space Agency needs your help in solving it. |
know we can count on your team to do a superb job.

The landing system for the prototype spacecraft failed its first test.
Similar to the Mars Pathfinder Lander, our spacecraft is designed to
drop from its descent module and then bounce on the surface
several times after initial impact.

The design engineers who tested the prototype spacecraft
discovered hairline fractures in the fuselage after the test. They
determined that the fractures are due to the stress of impact on
landing.

We need you to determine the acceleration of the spacecraft as it is
falling, and the acceleration of the spacecraft due to the landing and
bouncing.

While the spacecraft is descending through the vacuum of space, the only force acting on it is the force of
gravity. For a spacecraft near a planet, the acceleration is virtually a constant value.

When the spacecraft hits the planet, it undergoes a very large, very fast change in its velocity. This
usually means that the acceleration is many times greater than the acceleration during the descent.
However, this large acceleration lasts for a very short time. We need you to measure the acceleration.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

Please submit your reports to the project manager so the manager can forward them to me. | know you
will put in your best work on this important task.

Good luck.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity M0O5: Acceleration of a Falling Object

This is a LAB activity.

Equipment Needed Qt y | Equipment Needed Qty
Motion Sensor (CI-6529) 1 Meter stick 1
Ball (hard rubber) 1 Level (optional) 1
Base & Support Rod (ME-9355) 1

\VOCABULARY |free fall [ gravity I

What Do You Think?

What is the acceleration of a falling object near the surface of a planet? What is the acceleration
of the object when it bounces on the surface?

< | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

When the Mars Pathfinder Lander spacecraft landed on Mars, it dropped ﬂrom T
its descent module and bounced several times after hitting the surface. Oyer {ii &
twenty-two centuries ago, a Greek philosopher and scientist named Aristotle
proposed that there is a natural force that causes heavy objects to fall towargLgys=
center of a planet such as earth. He called this fmaéty . In the seventeenth) ™

century, the English scientist Isaac Newton was able to show that gravity iIs a== 7
universal force that extends beyond earth. It is the force that causes the moor . .
orbit the earth and the earth and other planets to orbit the Sun.

When an object is ifree fall, it means that the only force acting on it is the

force of gravity. As an object falls freely, it accelerates. This means that its
velocity changes. For a falling object near the surface of a planet, the rate|of
change of velocity is a constant value known as the “acceleration due to
gravity”. SR B
When the object hits a surface, its velocity changes dramatically! The "
acceleration is usually much greater than the acceleration due to gravity.

Use a Motion Sensor to measure the motion of a falling ball before, during, '|
after it hits a surface and bounces. You can plot the motion of the ball to fifyd the= ./
value of the acceleration due to gravity, and the value of the acceleration ¢luring

each bounce.

NOTE: See the Procedure Outline in Activity MO4 - Map a Planetary Surface for information about the
Motion Sensor.

The program uses a default value for the speed of sound (about 344 meters per second) to
compute the distance to the object as follows:

roundtrip time

distanceto object = x speed of sound

The speed of sound through air depends on several factors, including the temperature of the air.
Because the temperature of air can change, the speed of sound can change. You will calibrate the
Motion Sensor so the program can accurately compute the distance to an object.

TG: M0O5 © 1999 PASCO scientific 135



Earth Science Labs with Computers Teacher’'s Guide
MO5: Acceleration of a Falling Object Part 2

|SAFETY REMINDERS: Follow directions for using the equipment.

Procedure Outline

[V] Remember, for more detailed information see ~ Appendix B .

In this activity, calibrate the Motion Sensor and then use the sensor to measure the =
motion of a falling ball. Th&cienceWorkshoprogram records and displays the positi::=
and velocity of the ball as it falls, hits a surface, and bounces.

[ ] A. Set Up the Equipment

1. Mount the Motion Sensor on the support rod. Place the sensor near the
edge of a table, and turn the sensor so it is aimed at the floor. e _

. Make sure that the floor is level. If it is not, put a hard flat surface on
the floor and put pieces of paper or shims under the edges of the hard
flat surface to level it.

2. Adjust the Motion Sensor so it is exactly 1 meter above the floor or
flat, hard surface.

. Remove the meter stick after you've used it to measure the distance
from the sensor to the floor.

[ ] B. Set Up the Equipment —Y
1. Connect the sensor to the interface.
StartDataStudioor ScienceWorkshogand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO5 Falling Object.DS MO5 Free Fall & Bounce MO5 BOUN.SWS

[ ] Pre-Lab: Calibrate the Motion Sensor
1. Calibrate the Motion Sensbeforeyou use it to measure the motion of the falling ball.

| NOTE: SeeAppendix Bfor more information about how to calibrate the sensor. |

[ ] C. Do the Experiment

1.  Adjust the position of the Motion Sensor on the support rod so that there is 1.5 meters
between the Motion Sensor and the floor.

2. Hold the ball between your finger and thumb under the Motion Sansdoser than 15
cm(about 6 inches) below the Motion Sensor.

3.  Begin data recording and then drop the ball. Let the ball bounce
several times.

. NOTE: Be sure to move your hand out of the way as soon as you
release the ball.

4.  After the ball has bounced several times on the floor, stop the ¢
recording.

[ ] D. Analyze the Data

1. Use the Graph display to determine the acceleration of thasbill
falls and also each to find the maximum acceleratiach time the
ball bounces

2.  Record your data and answer the questions in the Report. 0
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Report — Activity MO5: Acceleration of a Falling Object

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What is the acceleration of a falling object near the surface of a planet? What is the acceleration
of the object when it bounces on the surface?

Answers will vary. Students may predict that the acceleration of a falling object near the surface
of a planet depends on the strength of that planet’s gravitational field. Students may predict that
the acceleration during a bounce will be much greater than the acceleration during free fall.

[ ] Analzyle the Data

. The Graph display shows the position and the acceleration of the ball as it falls, and then as
it bounces.

1. Use the ‘Smart Tool iDataStudioor the ‘Smart Cursor’ iscienceWorkshoio
determine the acceleration of the ball as it falls.

2.  Use the Graph display to determine the acceleration of the ball each time that it bounces.

Item Falling Bounce #1 Bounce #2 Bounce #3 Bounce #4
Acceleration ~ 10 m/s? ~ -60 m/s? ~ -55 m/s? ~ -47 m/s? n.a.
3.  Sketch the plot of position and the plot of Bounces

acceleration for the ball as it falls and bounces.

. The plot of position versus time shows a mirrpr
image of the ball’'s motion.

«  The plot of acceleration shows that the ball hp&@/n9
a constant acceleration while it is falling and
between the bounces. The ball has a sharp
reverse in direction (acceleration is negative)
as well as a sharp change of speed at each

s 2
H
T
w oz ome WA oo\ 1a
L
°
—

bounce. = | H[Smart Cursor ] i
2 = | I I
) ) ) ] B [Between bounces |
. The acceleration during the first bounce is Y 1 ~ .
about six times greater than the acceleration T Y
during the fall or the acceleration between i !
bounces. [Bounces |
«  The acceleration during each bounce decreakes. i Acceleration
@ ®‘é v‘Igu _ Mm Z:JMT(ES)“ _ \Krnla
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[ ] Conclusiong
Answers will vary. One conclusion is that the acceleration of the object is constant during the
fall and between the bounces, but the acceleration is much greater during the bounces.

[ ] Questions
1. How do your answers to the ‘What Do You Think?’ questions compare to the results?
Answers will vary.

2.  Approximately how many times greater is the acceleration during the first bounce than the
acceleration during the fall?

The acceleration during the first bounce is approximately six times greater than the
acceleration during the fall (or between the bounces).

3.  What happens to the amount of acceleration during each bounce?
The amount of acceleration decreases from the first bounce to the next.

Complete the following:

VOCABULARY |

free fall: Free fall happens when an object is falling, and the only force acting on it is gravity (as when it
falls in a vacuum, for example).

gravity: Gravity is the force of attraction between objects.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’'s Notes — Activity MO5: Acceleration of a Falling Object

Time Estimates |Preparation: 15 min Alctivity: 30 min

to click a few times per second.

Objectives

Students will be able to...

» use a Motion Sensor to measure the motion of an object as it falls and then bounces
» determine the amount of acceleration of the object as it is falling

» determine the amount of acceleration of the object as it bounces

Notes

Preparation

Calibrating the Motion Sensor is quick and easy. You may want to show the procedure before
you ask your students to do it.

. This setup prepares the Motion Sensor for calibration.

1. Mount the Motion Sensor on the support rod. Place the sensor near the edge of a table, and
turn the sensor so it is aimed at the floor.

. Make sure that the floor is level. If it is not, put a hard flat surface on the floor and put
pieces of paper or shims under the edges of the hard flat surface to level it.

2. Adjust the Motion Sensor so it is exactly 1 meter above the floor or flat, hard surface.
Remove the meter stick after you've used it to measure the distance from the sensor to the
floor.

3. StartDataStudioor ScienceWorkshoand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO5 Falling Object.DS MO5 Free Fall & Bounce MO5 BOUN.SWS
Calibration

4.  Inthe Experiment Setup window, double-click the sensor’s icon.
. Result In DataStudiq the Sensor Properties window opens.

Click the ‘Motion Sensor’ talResult The calibration window opens and the sensor
begins to click a few times per second.

. Result In ScienceWorkshophe sensor’s calibration window opens and the sensor begins

————— semorfigpertin———— 5 I ee————————|
Ceneral | Messurements || Motion Sencor General || resurements | Motion Senser 1 & E’” Mation Sensor
é/ Mation & 3 Calibration Distance: iR
[ ioodm 344.000 m/s Calibpatinn Nictannn: Cnnnd HFCannd:
o eYE ] =t | meemEL ) Calibration Distance: Speed Of Sound:
Calibrate -
£1-6742 (shown), C1-6529 [1too  |m [ calibrate | 300 mss
Current Distance- B.000 m
0993 m Current Distance:
Min Distance 1000
Triguer Rsts CI-65214 : Max Distance:
0= 050 m 200
1+ i . = g
s Trigger Rate: 20 |3]|hHez oo 800
0.5 m Min Distance:
0.50 m
Gancel 3 el [ cancer | [ ox |
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5.  Calibrate the software.
. First, make sure that the sensor is one meter from the target.

. Second click the ‘Calibrate’ button in the Motion Sensor windd®esult The software
calculates the speed of sound based on the calibration distance (one meter) and the round
trip time of the pulse and echo

6. Click ‘OK’ to return to the Experiment Setup window.

Data Recording

Remind the student who drops the ball to pull his or her hand back out of the way once the ball is
released.

Data Analysis

This activity uses the built-in analysis tools of the Graph display. If students have not had much
experience with this feature, you may want to preview it for them. Use the ‘Smart Tool’ (in
DataStudig or the ‘Smart Cursor’ (in ScienceWorkshop) to display the y- and x-coordinates of
any point in the display area of the GraphDhtaStudio the y- and x- coordinates appear next

to the pint. InScienceWorkshgphe y-coordinate of the cursor’s position appears along the
vertical axis, and the x-coordinate of the cursor’s position appears below the horizontal axis.

The plot of position versus time for the falling and bouncing ball is a “mirror image” of the
actual motion of the ball.

Extensions Rod
Try dropping larger objects to see whether their acceleration during ‘free

angle

fall’ is the same as for the small rubber ball. clamp

i in dr U
Try dropping a cone shaped paper filter such as the kind used in drip -]
coffee machines. Drop the filter with the flat or cone shape end facing th
floor.

Sample Data

Bounces

[ =————— Acceleration and Position Graphs =—7—"=—=FH B i % s ~ [ =
: R e
L JeAz e = ] i T
2.0 \ / /
Falling { \ / / E
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.60 / j
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140 — z
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L E \
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100 —/_\-_‘AN_A e = /\ 3 L \\/
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Memorandum — Activity M0O6: Design Landing Bags

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 09 Nov. 2017 AD

TO: Science

Greetlngs Research Team

FROM: Joe Venus,
Space Agency

Thanks to your work on measuring the acceleration during free fall, the Mission Adminisiater
to Other Worlds project is back on schedule. Good job. The design engineers Backgraund
have made progress in changing the prototype spacecraft.

The re-designed landing system for the spacecraft is similar to the landing
bag system for the Mars Pathfinder. After a free fall through the
atmosphere, the descent module and its contents will be cushioned at
impact by an array of gas bags that surround the vehicle.

To avoid damage to the descent module, the gas bags surrounding it must
not compress to the point where the body of the landing craft hits the
surface. There must always be a cushion of air between the craft and the
planet’s surface, even at the point of highest impact.

The engineers designing the gas bags would like you to investigate the
relationship between the pressure and volume of gases so they can design
the gas bag array safely. You need to do a little research into Boyle's Law.

Basically, Boyle's Law is a description of what happens to the pressure of
a gas when its volume is changed and vice versa.

We need you to carefully measure the change in pressure in a chamber filled with air as the volume of the
air is physically altered. We hope that you can graph your data and determine the relationship between
the volume and pressure.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.
Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity MO6: Design Landing Bags

This is a LAB activity.

Equipment Needed Qty Equipment Needed Qty
Pressure Sensor - Absolute (CI-6532) 1 Syringe (included with sensor) 1
Plastic tubing (included with sensor) 2.5cm | Consumables Qty
Quick-release connector (included) 1 Glycerin 1mL
|VOCABULARY |pressure | tetrahedron I volume |

What Do You Think?

What is the relationship between the pressure of a gas and the volume of the gas when the
volume of the gas is changed by an outside force?

)

< | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

When the Mars Pathfinder spacecraft landed on Mars on July 4, 1997, the tetrahedron shaped
lander was protected during impact by circular gas bags mounted on the four exterior surfaces.
These gas bags were inflated just moments before the spacecraft hit the surface of Mars.

Robert Boyle was an English scientist who lived at
the same time as Isaac Newton. Boyle discovered that
when a gas is inside a container such as a cylinder
a piston moves up or down in the cylinder to changg

the volume of the gas, something also happens to thg gpgizzure
pressure of the gas. aug

If the volume increases, the pressure decreases. If
volume decreases, the pressure increases. Boyle’s
Law states that for a given amount of a gasfateal Cylinder
temperaturehe pressure of the gas is inversely

proportional to the volume.

|SAFETY REMINDERS: Follow directions for using the equipment.

Procedure Outline
[V] Remember, for more detailed information see ~ Appendix B .

In this activity, use the Pressure Sensor to measure the change in pressure insi¢

syringe as the piston is pushed into the syringe. As the volume changes, you wil ===
in the amount of volume at each point as the piston is pushed farther into the Sy . c.—
The program records and displays the pressure and volume data. Use the Grap ===

-

display to figure out the relationship of pressure and volume. 8t
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[ ]
1.

144

A. Set Up the Equipment

Put a drop of glycerin on the barb end of a quick release coupling. Put the end of the
coupling into one end of a short piece (about 2.5 cm) of plastic tubing that comes with the
Pressure Sensor.

Put a drop of glycerin on the end of the syringe.

Connect the end of the syringe to the other end of === | |
small piece of plastic tubing. i '

Align the quick-release coupling on one end of the
plastic tubing with the pressure port of the Pressure
Sensor. Push the coupling onto the port, and then
turn the coupling clockwise until it clicks (about
one-eighth turn).

Check that the syringe and Pressure Sensor have a S
secure seal by adjusting the volume between

20 mL and 10 mL. It should get harder to
push as the volume decreases.

Adjust the volume of air in the syringe to
20.0 mL. (Note: To set the initial position of |
the piston in the syringe, disconnect the
quick-release connector from the sensor,
move the piston to the first position (20 mL),
and then re-connect the quick-release
connector to the sensor.)

B. Set Up the Experiment

Connect the sensor to the interface. athStudioor ScienceWorkshoand open the file
as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO06 Landing Bags.DS MO6 Airbags M06 BAG.SWS

The file opens with a Graph display, a Table display, and a Digits display. The Graph and
Table displays show the pressure and volume. The Digits display shows pressure. The data
recording rate is set to one measurement per second.

You can use the keyboard to type in the amount of volume as you change it.
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C. Do the Experiment — Data Recording (for DataStudio )
In DataStudiq the Table display shows values for the gas volu

0 ==

Table 1

in the syringe (for example, 20, 18, 16 and so on). EIPEL_LFIERIE) oo
When everything is ready, start recording data. (Hint: In () a:]
DataStudiq click ‘Start’). ;

18.000

In DataStudig the ‘Start’ button changes to ‘Keep’

14.000

() and the Table display shows the value of oo

pressure next to the first volume (20 mL).

Sl

Click ‘Keep’ to record the pressure. 0 Tovle | 98| o Table | aE
P . P I P 3 [E[E[~|EallA[E[ & oo <]
The Table display changes to show the | = |l sy v wrremmrn, o[ sy v
next value of volume (18 mL). E—
(kPa) {ml} (kPa) (ol
Move the piston to the 18 mL mark and || == |[—==—] orsee | O]

click ‘Keep’ to record the pressure.

Continue to move the piston to each ne
position and then click ‘Keep’ to record &
the corresponding pressure.

§

After you record the pressure for the last volume, click ‘SE'Q to end data recording.
If time permits, repeat the procedure.

C. Do the Experiment — Data Recording (for ScienceWorkshop )
In ScienceWorkshoplick ‘REC’ to start recording data.

Keyboard Sampling

The Keyboard Sampling window opens. Vot o

When the pressure reading stabilizes, type “20” for the volume o N

in the syringe and click ‘Enter’ to record the pressure. |
i

Reduce the volume to 18 mL. Type 18 for the volume and click |y -

‘Enter’. (Note: ScienceWorkshopill prompt you for the third

volume based on the pattern of the first two volumes.)

Continue reducing the volume by 2.0 mL each time, checking the
pressure, and entering the new volume until your last entered volume is 10.0 mL.

After you enter the last volume, click ‘Stop Sampling’ to end data recording. The
‘Keyboard Sampling’ window will close automatically.

If time permits, repeat the procedure.

D. Analyze the Data

Set up the Graph display so you can examine the plot of Volume versus Pressure and also
the plot of Inverse Volume versus Pressure.

Determine the relationship of the pressure and volume of the air.
Record your results and answers the questions in the Report.
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Report — Activity MO6: Design Landing Bags

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What is the relationship between the pressure of a gas and the volume of the gas when the
volume of the gas is changed by an outside force?

Answers will vary. Students may predict that the volume of the gas will decrease when the force
on the outside is increased.

[ ]Analyze the Data

. The first plot on the Graph display shows the pressure and the volume of the air inside the
syringe. The second plot on the Graph display shows the pressure of the air versus the
inverse of the volume (1/Volume).

1. Examine the Graph display to determine the relationship of the pressure and the volume of
the air in the syringe.

2.  Sketch the plot of Volume and the plot pf
1/Volume for the air in the syringe. =l

N L

Volume

. The plot of volume versus pressure shos
that the volume decreases as the presspre
increases. This means that volume and

pressure argnverselyproportional. 3 ]

. The plot of 1/volume versus pressure
shows a straight line. This supports the /
conclusion that volume and pressure ar
inversely proportional. The plot shows

Fun ¥1 W
Valurne (L)
12 14 16 18 20

1%

f’_."

0.0s0 01000

Fun ¥1 W
Inverse walurne (1 /L)

that 1/volumeand pressure ardirectly /-'
proportional. 2] / 1Nolume
L I
I1IIIIIII I I12IIII I I14IIII I I1E~IIII I I180I
T RFun #1
Pressure (kPa)
Volume and 1/Volume vs Pressure
[ ] Conclusion

Answers will vary. One conclusion is that the relationship of pressure and volume is an inverse
relationship. The volume goes down as the pressure gaes up
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[ ] Questions
1. How does your answer to the ‘What Do You Think?’ question compare to the results?
Answers will vary.

2. What happened to the pressure in the syringe as you decreased the volume of the air by
pushing in the piston?

The pressure in the syringe increased as the volume in the syringe decreased due to
pushing the piston.

3. How does the shape of the plot of Volume compare to the shape of the plot of 1/Volume?
The shape of the plot of volume is a curve whereas the shape of the plot of 1/volume is a

straight line.

Complete the following:

VOCABULARY |

pressure: Pressure is the ratio of the force applied to a surface, divided by the area of the surface.

tetrahedron: A tetrahedron is a geometric shape with four sides, each side being an equilateral triangle.

volume: Volume is a measure of the amount of space taken by an object. The volume of a box, for
example, is the product of its height, width, and depth.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.

148 © 1999 PASCO scientific TG: M06



Teacher’'s Guide Earth Science Labs with Computers
Part 2 MO6: Design Landing Bags

Teacher’s Notes — Activity MO6: Design Landing Bags

Time Estimates |Preparation: 15 min Alctivity: 15 min

Objectives
Students will be able to...

» use a Pressure Sensor to measure the change in pressure of a gas inside a cylinder as the volume of
the gas is changed as a piston moves into the cylinder

» describe the relationship between the volume of a gas and the pressure of a gas

» determine whether the relationship between the volume and pressure of a gas is direct or not
Notes

Preparation

In this activity. the student can use the keyboard to type in the amount of volume as they change
the pressure on the gas in the syringe. You may want to show the procedure before you ask your
students to do it.

Be sure that the syringe is originally set to a volume of 20.0 mL when it is connected to the
Pressure Sensor.

The primary source of error is the volume of air unaccounted for in the tubing and pressure
chamber of the sensor. By creating a new quantity called total volume, a reasonable 0.5 mL can
be added to the volume of air in the syringe as a correction factor. Students could adjust this
value to get the best results and then compare that with the volume of air they calculate to be
inside the tubing connecting the sensor to the syringe.

Safety

Connecting the sensor to the syringe requires a short piece of plastic tubing. Because the tubing

can be difficult to cut, consider cutting short pieces before the beginning of the activity. Also

warn the students not to compress the air to a volume of less than 8 or 10 mL. The pressure can

become too great, causing errors due to the added stress on the tubing. Excessive pressure may
cause the syringe to detach from the plastic tubing.

Setup

Connecting the sensor to the syringe takes only a few minutes.
Data Recording

Remind the students to be careful during data collection. It is important that the piston is at the
exactposition in the syringe (i.e., 20 mL, 18 mL, 16 mL, etc.) when they click ‘Keep’ or ‘Enter’.

Data Analysis

In this activity, the simplest analysis is the best. Students should see that the pressyagioes
the piston is pushed into the syringe to make the voluntogo (“compress the gas”).

Extensions

Disconnect the end of the plastic tubing from the sensor. Put the piston at the 10 mL mark.
Reconnect the tubing to the sensor. Repeat the data recording procedure, but move the piston
outward (from 10 mL to 12 mL to 14 mL, etc.). In other wordsreasethe volume of the gas
inside the syringe and see what happens to the pressure.
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DataStudio Sample Data
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Memorandum — Activity MO7: Temperature at Different Locations

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 20 Nov. 2017 AD

TO: Science

Greetlngs Research Team

FROM: Joe Venus,
Space Agency

Good work on the task of determining the relationship between pressure and Adminisiater
volume of a gas as the volume is altered. | read the reports that your project Backgraund
manager forwarded to me.

- The next phase of your Mission to Other Worlds project focuses on ways

a to explore the alien planet’s surface.
As you know, the Mars Pathfinder Lander safely delivered the Sojourner
Rover onto the surface of Mars in 1997. The Sojourner was able to travel
across the Martian terrain and make dozens of measurements on the
surface. It used a special X-ray spectrometer to determine the composition
of many of the rocks near the landing site.

We are planning to include several instruments on the new robot rover that will be part of the payload.
One of the instruments will measure the temperature at each location that the rover visits. The rover will
be able to extend a robot arm and put the temperature sensor in direct contact with the planet’s surface.

We also plan to measure the temperature in direct sunlight and compare it to the temperature on the
shady side of rocks on the surface. If the rover encounters any liquid water on the surface it will measure
the temperature there as well.

We need you to test our Temperature Sensor. Carefully measure the temperature at a variety of locations
(including in sunlight and in shade). Use the “data logging” feature of your computer interface. We
especially want you to test the Temperature Sensor in both wet and dry conditions.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.
Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity MO7: Temperature at Different Locations

This is a FIELD activity.

Equipment Needed Qt y | Other Qty
ScienceWorkshop™ 500 Interface 1 remote control model vehicle  (option) 1
Temperature Sensor (CI-6505A) 1

\VOCABULARY [exobiologist |

What Do You Think?

How much difference in temperature is there between direct sunlight and dark shade? How much
difference in temperature is there between a dry surface and a wet surface?

< | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

BACKGROUND Atm(xpherichtempgratures fxiom Pathfinder
Both the Mars Pathfinder spacecraft that landed on Ma RSN
in July, 1997, and the Viking Lander spacecraft that 2

landed on Mars in July, 1976, used instruments to

measure the temperature of the Martian atmosphere. 100

The Viking Lander also made measurements of the
change in temperature near the surface of Mars during
seasons on that planet, as well as the change in
temperature between day and night.

When these measurements were received as radio Sig | Patfinder
on earth, they helped planetary scientists and

exobiologists learn more about the climate on Mars. Ot
discovery they made is that it is frequently cold enough
on Mars that carbon dioxide gas in the atmosphere car ) ‘ ‘ ,
freeze to become dry ice. w o s

They also discovered that the thin air on Mars does nor Tempertie(F
contain very much thermal energy.

60

Altitude (km)

20

|SAFETY REMINDERS: Follow directions for using the equipment.

PROCEDURE OUTLINE
[V] Remember, for more detailed information see  Appendix B .

In this activity, use a Temperature Sensor andsthienceWorkshopOO0 Interface to ke
measure the temperature at several different locationsSdieaceWorkshoprogram — =esre=

records the temperature data. You can use the Table display to find the minimum, =:==——

——

maximum, and mean values of the temperature at different locations. -

[ ] A. Set Up the Equipment
1.  Connect the sensor’s DIN plug into Analog Channel A on the interface.
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[ ] B. Set Up the Experiment

You can use th8cienceWorkshop00 Interface to record data outside a classroom. You can
program the interface while it is connected to the computer, disconnect the interface and go
collect data, and then re-connect the interface to the computer to analyze your data.

|See Appendix C about using the ScienceWorkshop 500 Interface for “data logging” |
1.  StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MQ7 Location Temp.DS MO7 Remote Temperature MO7 REMO.SWS

. The file opens with a Table display of temperature. The data recording rate is set to two
measurements per second.

2.  Prepare the interface to be disconnected for data logging.
3.  Disconnect the interface from the computer and power supply.
4.  Carry the interface and Temperature Sensor to the first location.

[ 1] C. Do the Experiment

Place the Temperature Sensor so its tip is against a suy”

that is exposed to direct sunlight. When you are ready t

begin the experiment, press the LOG button on the

interface to wake the interface. Temperature

Sensor

. The light-emitting diode (LED) blinks one per second for
ten seconds. The interface is recording when the LED
blinks rapidly.

2.  Leave the Temperature Sensor in the contact with the
surface that is in the sunlight for about sixty seconds. Press the LOG button again to stop
recording data.

3. Hold the Temperature Sensor in the air so the entire sensor is exposed to the sunlight but
the tip is not touching anything. Repeat the data recording procedure for about sixty
seconds.

Interface

4.  Place the Temperature Sensor so its tip is against a surface that is in a dark shadow. Repeat
the data recording procedure for about sixty seconds.

5. Hold the Temperature Sensor in the air so the entire sensor is in the dark shadow. Repeat
the data recording procedure for about sixty seconds.

Optional

If there is a shallow puddle of water near some bare ground, measure the temperature of the
water and then measure the temperature of the bare ground next to the water.

[ 1] D. Analyze the Data

1. Reconnect the interface to the power supply and computer. Download the data from the
interface to the computeiS¢e Appendix.

2.  Examine each run of data in the Table display to determine the minimum, maximum, and
mean value of temperature for each location and condition.

3. Record your results and answer the questions in the Report.
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Report — Activity MO7: Temperature at Different Locations

A ST
Report —
NAME
CLASS
DATE

[ ]What Do You Think?

How much difference in temperature is there between direct sunlight and dark shade? How much
difference in temperature is there between a dry surface and a wet surface?

Answers will vary. There probably will be a measurable difference in temperature between direct

sunlight and dark shade. They may not be much difference between a dry surface and a wet

surface.

[ ]Analyze the Data

1. Examine each run of data in the Table display to determine the minimum, maximum, and
mean values of temperature for each location and condition.

Data Table

Location/condition Minimum Temp (°C) Maximum Temp ("C) Mean Temp ('C)

surface/direct sun

air/direct sun

surface/dark shade

air/dark shade

water at 1 cm depth

soil at 1 cm depth

[ ] Conclusion
Answers will vary. One conclusion is that the temperature of a surface exposed to sunlight is

greater than the temperature of air in sunlight.

TG: MO7 © 1999 PASCO scientific 155



Earth Science Labs with Computers Teacher’s Guide
MOQ7: Temperatures at Different Locations Part 2

[ ] Questions
1. How do your answers to the ‘What Do You Think?’ questions compare to the results?
Answers will vary.

2. Which pair of conditions had the greatest difference in temperature?
Answers will vary.

3. Which pair of conditions had the smallest difference in temperature?
Answers will vary.

Complete the following:

VOCABULARY |

exobiologist: An exobiologist is a biologist concerned with life forming or existing outside the earth or its
atmosphere

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’s Notes — Activity MO7: Temperature at Difference Locations

Time Estimates |Preparation: 15 min Alctivity: 30 min

Objectives
Students will be able to...

* use a Temperature Sensor and the ScienceWorkshop 500 Interface to measure the temperature at
different locations and under different conditions

» determine the difference in temperature between direct sunlight and dark shape
» determine the difference in temperature between a dry surface and a wet surface
Notes

Preparation

One part of the preparation is to find places close to the classroom where your students can
measure different temperatures (e.g., sunlight, dark shape, wet surface, dry surface).

Role-Playing O

This “data logging” activity allows students tp “:O°® @
take on various roles. .0

For example, one student in a group can be(t i A :@
Computer Officer — responsible for setting iliw

the experiment ilrscienceWorkshoand for ol
dis-connecting and re-connecting the interfalc

and the computer. \/ L

P T S

A second student can be the Instrument Officer — responsible for pressing the LOG button on
the interface and holding the Temperature Sensor. A third student can be the Records Officer —
responsible for keeping track of time and for recording the location and condition for each run of
data.

Safety
Remind students to follow directions for using the equipment.
Setup

Connecting the sensor to the interface and preparing the interface for data logging takes only a
few moments.

Data Recording
Remind the Records Officer to time the data recording so it lasts sixty seconds for each trial.
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Extensions

One extension is to mount the interface and sensor on top of a remote control model vehicle.
Start data recording, and then let a student “drive” the vehicle from location to location.

A second extension is to place the interface and temperature sensor inside a refrigerator. Record
the difference in temperature as the refrigerator door is opened and closed

A third extension is to place the interface and temperature sensor inside an automobile whose
windows and doors are closed.

Sample Data
O Temp{iti=—"i—=—"—————H B
&[S (] 8 ] [ ~ Ft ~[@IA]S v][& bete v|[X][E ]

—33

A e b

— T & outdoor Ternp. Sunny Surface
B outdoor Termnmp. #ir
¥ Outdoor Ternp. Water Puddle

— 34

M

—Z0

— 28

— 26

— 24
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Memorandum — Activity MO8: Relative Humidity

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 04 Dec. 2017 AD

Greetings,

Your reports on the temperatures at various different locations were excellent.
The data you collected helps us to know what we can expect when we use an
instrument like the Temperature Sensor on the Mission to Other Worlds.

,
o,
:;; Thermmocouple Localions
.
-

/ ‘
Wind Sock Locations <

"
S,
nasger for Mars Patinder (MP) __ ASLMETMast |
e
IMF Flat- Pl Targots ~——— ___ z

+ IMP Photormetric Targel

TO: Seience
Research Team
FROM: Joe Venus,
Space Agency
Administrator

Background:

Your next task requires the kind of ingenuity
and skill that your team has consistently
demonstrated.

We are planning to include a new instrument
on board the spacecraft that will (hopefully)
measure relative humidity of the air (if any) on

- ASIMIE T ACCRMErmmetors

| ASIMET Pressum
Tabe

the planets we visit. Since measurement of
relative humidity is so important to the
understanding of the weather on another
planet, we've decided to include a backup
system for measuring relative humidity.

Unfortunately, adding a backup system always
increases the weight of the payload that the
spacecraft must carry.

Therefore, we want to be certain that we can get good results with the backup system, and that the
system we use is as simple and lightweight as possible.

Your team is selected to test our backup measurement system for Relative Humidity. The system uses
two Temperature Sensors, and your experience in measuring temperature at different locations will be
very important for this task.

Carefully measure the relative humidity in as many different locations and under as many different
weather conditions as possible. If necessary, use the “data logging” feature of your computer interface.
We especially want you to measure the relative humidity on both a clear day and a on a day when the
weather is threatening to be stormy. Be sure to record accurate observations of the overall weather
conditions on the days when you make your measurements.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

We're counting on you to do a good job. Please submit your reports to the project manager so the
manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity MO8: Relative Humidity

This is a LAB activity with an optional FIELD activity.

Equipment Needed Qt y | Other Qty

Temperature Sensor (CI-6505A) 2 Cardboard fan, about 15 by 15 cm 1

Container, 100 mL 1 Cheesecloth*, about 5 by 5 cm 1
Rubber band 2
Water, room temperature 100 mL

(*light cotton material can be used in place of cheesecloth)

|VOCABULARY |humidity Ipsychrometer Irelative humidity Ispecific humidity I

What Do You Think?

What is the relationship of humidity to relative humidity? How can relative humidity be
determined by measuring temperature?

| Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

The amount of water vapor inp
the air is callechumidity . As |
water molecules evaporate,
the humidity of the air
increases. Certain climate
regions on earth (such as
deserts and the Arctic and
Antarctic regions) have very
low humidity, while other
climate regions (such as
tropical rain forests) have
moderate to high humidity.

In general, the amount of water vapor that a given volume of air can hold increases as the
temperature increases. A higher temperature allows more water to evaporate into water vapor. As
the temperature goes down, the amount of water vapor in the air goes down because the water

vapor molecules can condense into liquid form again. Therefore, the humidity drops. When the
air holds all the water vapor it can at a given temperature, thesaiuisted

Relative humidity is a common way to describe the amount of water vapor in.tRelative
humidity is a ratio that compares the mass of water vapor in the air to the mass of water vapor
that the air can hold at its saturation point. Relative humidity is always written as a percentage.

Specific humidity is theactualamount of water vapor in the air measured in grams of water
vapor to one kilogram of air.
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One instrument used to measure relative humidity is|thi&mp Wet-bulb

sling psychrometer. C’B’éﬁ thermometer
The psychrometer has two identical thermometers. The <
bulb of one thermometer is covered with damp cloth gg’r'r‘r’fo”ﬁ,,eter

while the bulb of the other thermometer is kept dry. The
psychrometer is twirled around in the air so the air u'
circulates freely around the bulbs of both thermometers.

If the relative humidity is high, the water in the damp cloth on the wet-bulb thermometer doesn’t
evaporate very fast, and the temperature of the wet-bulb thermometer stays close to the
temperature of the dry-bulb thermometer. However, if the relative humidity is low, there is less
water vapor in the air. The water in the damp cloth evaporates more easily and the wet-bulb
thermometer’s temperature drops more rapidly.

Relative humidity is determined by comparing the dry-bulb temperature to the difference
between the dry-bulb temperature and the wet-bulb temperature.

SAFETY REMINDERS THINK gAFETY
. Follow directions carefully when using the equipment for this activity. ACT SAFELY
BE SAFE!

Procedure Outline

Use two Temperature Sensors to measure the relative humidity during different weather
conditions. UsdataStudioor ScienceWorkshoj record the temperature data. Use the Table
display to find the values of the temperature for a dry-bulb Temperature Sensor and a wet-bulb
Temperature Sensor.

[ ] A. Set Up the Equipment

1.  Wrap the piece of cheesecloth or light cotton material around
the end of one of the Temperature Sensors, and fasten the
cloth in place with a rubber band. This will be the wet-bulb cioth

Temperature Sensor. \ Wet-bulb
2. Putroom temperaturevater into a container. Pobh ;";j,’,’,’g’(f[at“fe
uboer

[ ] B. Set Up the Equipment band
Computer Setup

1. Connect the dry-bulb Temperature Sensor’s DIN plug into Analog Channel A on the
interface. Connect the wet-bulb Temperature Sensor’s DIN plug into Analog Channel B.

2.  StartDataStudioor ScienceWorkshognd open the file titled as shown:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
M08 Humidity.ds M08 Humidity M08 _HUMI.SWS

. The file has a Table Display, a Graph display, and a Digits display. Data recording is set at
5 measurements per second (5 Hz.)

[ ] C. DO THE EXPERIMENT

1.  Write a description of the weather conditions (e.g., sunny, cloudy, foggy, etc.) and location
(e.g., indoors, outdoors) in your report.
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2.  Place both Temperature Sensors near the edge of a table so the ends of both sensors extent
beyond the edge of the table.

3. Moisten the cheesecloth withom
temperature/vater_ % | Dry-bulb Temperature Sensor

: To

- ~Channel A
To
Channel B

Wet-bulb Temperature Sensor

4.  Begin data recording.

5. Rapidly fan the ends of the sensors,,:; y.
with the piece of cardboard. T

6. Stop data recording after 60
seconds.

Fan vigorously
for 60 seconds.

Optional

Set up thescienceWorkshop00 Interface for “data logging”. Carry the interface sensors, fan,

and container of water outdoors. Repeat the data recording procedure. Remember, press the LOG
button to begin recording data, wait 10 seconds, and then fan vigorously for 60 seconds. Press
the LOG button again to end data recording.

Reconnect the interface to the power supply and computer. Download the data from the interface
to the computer.

[ ] D. ANALYZE THE DATA

1. Examine each run of data to determine the dry-bulb temperature and the wet-bulb
temperature for each run of data. Use the temperatures and the chart in the report to
calculate the relative humidity.

2. Record your results and answer the questions in the Lab Report.
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Report — Activity MO8: Relative Humidity

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What is the relationship of humidity to relative humidity? How can relative humidity be
determined by measuring temperature?

Answers will vary. Humidity is the amount of water vapor in the air. Relative humidity is the

ratio of the mass of water vapor in the air compared to the total mass of water vapor the air can

hold at its saturation point. Relative humidity is determined by comparing the dry-bulb

temperature to the difference between the dry-bulb temperature and the wet-bulb temperature.

[ ]Analyze the Data

1. For each run of data, write a description of the weather conditions and location for that run
of data. Examine the run of data in the Graph and Table displays to determine the dry-bulb
temperature and the wet-bulb temperature.

Data Table
Run # | Weather Conditions & Location Dry-bulb temp (°C) | Wet-bulb temp (°C)
1 Cloudy, overcast 22.0 15.7

2. Use the Table of Relative Humidity (attached) to calculate the relative humidity for each

run of data.
Run # | Dry-bulb temp (°C) | Difference between wet-bulb and dry-bulb temp | Relative Humidity (%)
1 22.0 6.3 Between 47 and 54
[ ] Conclusion

Answers will vary. One conclusion is that the temperature difference between the dry-bulb
sensor and the web-bulb sensor can be used (along with the chart) to determine relative

humidity.
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[ ] Questions
1. How do your answers to the ‘What Do You Think? questions compare to the results?
Answers will vary

2.  What is the difference betwesglative humidityandspecific humidit§
Relative humidity is the measure of how much water vapor is in the air compared to how
much water vapor could be in the air at that temperature. Specific humidity is a measure of
the amount of water vapor in a specific volume of air.

3.  What causes the difference between the readings of the dry-bulb sensor and the wet-bulb
sensor?

The difference in the readings of the dry-bulb sensor and the wet-bulb sensor is caused by
the evaporation of water from the end of the wet-bulb sensor. The lower the humidity, the
faster the water evaporates and the lower the temperature for the wet-bulb sensor will be.

4.  What does it mean to say, “The relative humidity is 60%"?
To say that the relative humidity is 60% means that the amount of water vapor in the air is
60% of the total amount of water vapor the air can hold (saturation) at that temperature.

5.  What might cause you to feel hot and uncomfortable on a warm, humid (muggy) day?
On a warm, humid day, the rate of evaporation of water vapor will be slower than on a
less humid day. Therefore, sweat will evaporate more slowly (or not at all if the
temperature is high enough). Since the evaporation of sweat is a cooling process for the
body, if your sweat can’t evaporate, you will feel hot!

Complete the following:

VOCABULARY |

Humidity: Humidity is the measure of the water vapor in the air.

Psychrometer: A psychrometer is an instrument used to measure relative humidity. It has two
temperature sensors (thermometers): one dry-bulb and one wet-bulb.

Relative humidity: Relative humidity is the ratio of the amount of water vapor in the air compared to the
amount that would be in the air at its saturation point for a given temperature.

Specific humidity: Specific humidity is a measure of the amount of water vapor in a specific volume of air.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Difference between dry-bulb and wet-bulb temperatures ("C)

Dry temp 1 2 3 4 5 6 7 8 9 10 11 12

0°C 81 64 46 29 13

1 83 66 49 33 17

2 84 68 52 37 22 7

3 84 70 55 40 26 12

4 85 71 57 43 29 16

5 86 72 58 45 33 20 7

6 86 73 60 48 35 24 11

7 87 74 62 50 38 26 15

8 87 75 63 51 40 29 19 8

9 88 76 64 53 42 32 22 12

10 88 77 66 55 44 34 24 15 6

11 89 78 67 56 46 36 27 18 9

12 89 78 68 58 48 39 29 21 12

13 89 79 69 59 50 41 32 23 15 7

14 90 79 70 60 51 42 34 26 18 10

15 90 80 71 61 53 44 36 27 20 13 6

16 90 81 71 63 54 46 38 30 23 15 8

17 90 81 72 64 55 47 40 32 25 18 11

18 91 82 73 65 57 49 41 34 27 20 14 7
19 91 82 74 65 58 50 43 36 29 22 16 10
20 91 83 74 66 59 51 44 37 31 24 18 12
21 91 83 75 67 60 53 46 39 32 26 20 14
22 92 83 76 68 61 54 47 40 34 28 22 17
23 92 84 76 69 62 55 48 42 36 30 24 19
24 92 84 77 69 62 56 49 43 37 31 26 20
25 92 84 77 70 63 57 50 44 39 33 28 22
26 92 85 78 71 64 58 51 46 40 34 29 24
27 92 85 78 71 65 58 52 a7 41 36 31 26
28 93 85 78 72 65 59 53 48 42 37 32 27
29 93 86 79 72 66 60 54 49 43 38 33 28
30 93 86 79 73 67 61 55 50 44 39 36 30
31 93 86 80 73 67 61 56 51 45 40 37 31
32 93 86 80 74 68 62 57 51 46 41 38 32
33 93 87 80 74 68 63 57 52 47 42 39 33
34 93 87 81 75 69 63 58 53 48 43 40 35
35 94 87 81 75 69 64 59 54 49 44 41 36
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Teacher’s Notes — Activity MO8: Relative Humidity

Time Estimates |Preparation: 15 min Alctivity: 30 min

Objectives
Students will be able to...

» use two Temperature Sensors (one as a dry-bulb sensor and one as a wet-bulb sensor) to measure
the difference in temperature due to humidity

» determine the relative humidity from a standard humidity chart based on their wet-bulb/dry-bulb
temperature measurements

» describe how the amount of water vapor in the air determines the difference between the dry-bulb
temperature and the wet bulb temperature

Notes

Pre-lab

Put out a large container of water on the day before this activity so it N

can come to room temperature overnight. —~ 2
. 20 Y R

Preparation b -

Depending on the weather in the part of the world where you are, your
students may already be well aware of how unpleasant high humidity
can be. Begin the activity with a discussion of how the body sweats to
rid itself of excess heat, and how difficult it can be for the sweat to

evaporate if the amount of water vapor in the air is near the saturation
point for a given temperature.

%

£y

Safety
Remind students to follow directions for using the equipment.
Setup

The most critical part of the setup is putting the cloth on the end of the wet-bulb Temperature
Sensor. Remind your students to make sure that the exposed metal tip of the sensor is covered by
damp cloth.

Data Recording

It is very important that the water is at room temperature so the wet-bulb temperature reading is
not lower than it should be at the beginning of data recording.

Extensions
One extension is to repeat the data recording out-of-doors.

A second extension is to repeat the data recording on a day that has very different weather from
the first day.

A third extension is the measure the relative humidity in a bathroom during a shower.
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Setting a Stop Condition

If you don’t plan to do “data logging”, you can add a ‘Stop Condition’ to the file so that data
recording ends automatically at 60 seconds.

V
- - -
T . , Options... | . (2L m—
In DataStudig click ‘Options 1\| 7m0 ) in the Setup | °
window toolbar. Click ‘Time’ under ‘Stop Condition’ and type| . ..o ——
|n ‘60’. C“Ck ‘OK’ to return to the Setup WIndOW. DSturrtslunuluenem(urbemrestﬂmundltiun.
In ScienceWorkshopelect ‘Sampling Options...’ from the g [
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Memorandum — Activity M09: pH of Samples from Other Worlds

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 11 Dec. 2017 AD

TO: Science

Greetlngs Research Team

FROM: Joe Venus,
Space Agency

A special thanks to your team for the excellent reports on measuring relative Adminisiater
humidity with two Temperature Sensors. After reviewing your results, | made a Backgraund
formal recommendation that we include the sensors as a backup system. If the
recommendation is approved, they will go on the Mission to Other Worlds.

The activities in the last phase of this project deal with making
measurements of materials that will be collected on the surface of
the alien planet.

An important goal of the Mission to Other Worlds is to test for the
presence of life. However, we can't predict what form of alien life we
might encounter on the planet we visit. Therefore, we are exploring
many different ways for testing for alien life.

We expect that some alien life forms could be like the simpler forms
of life here on earth. Our planetary scientists think that these simple
alien life forms will have the same basic requirements as simple
terrestrial life forms.

One basic requirement of terrestrial life forms is that their
environment must have a pH range between 5 and 9 (not too acidic
and not too basic). If our robot spacecraft collects soil samples that
might contain simple alien life forms, these soil samples will need to
be preserved in a substance that has this same pH range —
between pH 5 and pH 9.

We need your team to test the pH of several different substances that our planetary scientists are
considering for use as preservatives for the collected soil samples. If a substance has a pH value that is
outside the safe range, it will be rejected. Your project manager has received a shipment of these
substances.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.
Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator

TG: M09 © 1999 PASCO scientific 171



Earth Science Labs with Computers Teacher’'s Guide
MQ9: pH of Samples from Other Worlds Part 2

172 © 1999 PASCO scientific TG: M09



Teacher’'s Guide Earth Science Labs with Computers
Part 2 MO09: pH of Samples from Other Worlds

Procedure Outline — Activity M09: pH of Samples from Other Worlds

188

This is a LAB activity.

Equipment Needed Qt y | Other Qty
pH Sensor (CI-6507A) 1 Buffer solution: low pH 100 mL
Beaker, 250 mL 3 Buffer solution: high pH 100 mL
Container for samples (about 200 mL 4 Distilled water 1L
Wash bottle 1 Samples (from project manager) 4
Per Student: Protective gear 1 set | Tissues or paper towels 6
|VOCABULARY |acid |base |neutral |pH |

What Do You Think?

What is the pH of several different substances? What is the category for each substance (acid,
neutral, or base)?

< | Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

One way to classify a substance is to measure whether it is an acid, a base, or is neutral. Acids
and bases have been known since early timescih(from Latinacidus or sharp) has a sharp,
sour taste (for example, vinegar)basehas a bitter taste and neutralizes the effects of an acid.
(Substances that are base are sometimes called “alkaline”.)

Whether a substance is an acid or a base or is pH=0
neutral can be measured using the pH scale. The A oo
pH of a solution is a measure of the potential for ’ g ady
adding more hydronium @D*) to the solution. _
Acid solutions already have a large amount of | Acids S o
hydronium in them, so the potential for hydroniym,
or pH, is very low. Basic solutions have lots of /
hydroxide (OH) ions that would ‘soak up’ 10ts of| yeura 4 Pt ant
Eédhronium, so the potential for hydronium is vefy Potential for neutral

. ydronium
Most pH values range from O to 14. Bases
A pH value of 7 meansrzeutral solution. A pH
value below 7 means an acid. A pH value above 7 very high pH =
means a base. \ 4 I
Rainwater is slightly acidic. Blood is slightly bagic. pri=14

In general, living organisms can tolerate a range of pH values between 5 and 9.

SAFETY REMINDERS (LAB) )
. Wear protective gear while handling chemicals. ﬁ '@’
g -y

. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.
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Procedure Outline

[V]

Remember, for more detailed information see ~ Appendix B .

In this activity, use a pH Sensor to measure the pH of several different substance i
determine two things about each substance. First, determine whether the substar = =——
acid, base, or neutral. Second, determine whether the substance is within the pH
necessary for living organisms to survive.

[ ]

—

Pre-Lab: Calibrate the pH Sensor

Use three beakers, the buffer solutions, distilled water, and the wash bottle to calibrate the pH
Sensombeforeyou use it to measure pH.

| NOTE: SeeAppendix Bfor more information. |

1.

174

Connect the pH Sensor DIN plug into Analog Channel A
on theScienceWorksholmterface. Connect the BNC plug
to the BNC connector.

Set up the equipment to calibrate the pH Sensor. To
calibrate the pH Sensor you will need the following: wasfi_)
bottle, distilled water, three beakers, buffer solutions of

high pH (e.g. pH 10) and low pH (e.g. pH 4), pH Sensor.

IIII?IIII

A. Set Up the Equipment

Put some of the first substance you are going to test in a clean, dry container. Write a
description of the substance.

Put the pH Electrode into the substance.

B. Set Up the Experiment
StartDataStudioor ScienceWorkshogand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MQ9 pH of Other Worlds.DS MQ9 pH Samples M09 PH.SWS

The file opens with a Digits display and a Table display of pH. Data recording is set to stop
automatically at 30 seconds.

C. Do the Experiment

Begin recording data. The displays show the pH value for the first chemical. Data
recording stops at 30 seconds.

After data recording stops, remove the pH Electrode from the sample. Hold the pH
Electrode over an empty beaker. Use the wash bottle with distilled water to thoroughly
rinse off the pH Electrodd®ispose of the first substanceiastructed

Put the second substance into a clean container and measure its pH. Rinse the pH Electrode
after you measure the pH.

Repeat the process for the other two substances.

D. Analyze the Data

Use the Table display to examine the pH value of each substance. Determine whether each
substance is acid, base, or neutral.

Record your conclusions and answer the questions in the Report.
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Report — Activity M09: pH of Samples from Other Worlds

A ST
Report —

NAME
CLASS |
DATE

[ ]What Do You Think?

What is the pH of several different substances? What is the category for each substance (acid,
neutral, or base)?

Answers will vary. Students might predict that substances that are sour will be acid, substances

that are bland will be neutral, and substances that are bitter will be base.

[ ]Analyze the Data

1. For each substance you tested, write a description of the substance. Record the pH value.
List whether the substance is acid, base, or neutral..

Data Table
Substance # | Description pH Value | Acid/Base/Neutral
1 blue colored liquid, perfume-like smell 11 base
2 slightly yellow, thick liquid, no smell 8 weak base
3 clear liquid, vinegary smell 3 acid
4 yellow liquid, lemon smell 2 acid
[ ] Conclusion

Answers will vary. One conclusion is that thgbstances with low pH are acids and the
substances with high pH are bases.

[ ] Questions
1. How do your answers to the ‘What Do You Think?’ questions compare to the results?
Answers will vary.

2. Which substances are within the pH range necessary for living organisms to survive?
Answers will vary.

3. Which substance would you recommend ad#stsubstance for storing samples that may
contain living organisms?

Answers will vary.
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Complete the following:

VOCABULARY |

acid: An acid is a substance with a low pH value, meaning that its potential for hydronium is low.

base: A base is a substance with a high pH value, meaning that its potential for hydronium is high.

neutral: A neutral substance has a pH value of about 7.

pH: The term pH means potential for hydronium or potential for hydrogen and it is an indication of
whether a substance is acid, base, or neutral.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’s Notes — Activity M09: pH of Samples from Other Worlds

Time Estimates |Preparation: 15 min Alctivity: 30 min

Objectives

Students will be able to...

» calibrate a pH Sensor using two buffer solutions of known pH

» use a calibrated pH Sensor to measure the pH of a variety of substances
» classify the substances by their pH as acid, base, or neutral

Notes

Preparation

Mention that classifying phenomena based on trends and similarities (or differences) is at the
heart of scientific analysis.

Get four common substances of different pH. You will need about 100 mL of each substance for
each group. For example, if you have eight groups, you will need 800 mL of each substance.

The chart shows thapproximatepH value of nine substances.

Substance pH | Type || Substance pH Type Substance pH Type
bleach 11 | base || egg white (raw) 8 weak base || soda pop 3 acid
milk of magnesia 11 | base || tap water 7 neutral fruit juice 3 acid
detergent (liquid) 10 | base | milk 6 weak acid || lemon juice 2 acid

You may want to label the containers for the four substances by number or letter (e.g., “1”, “2”
Or HA”’ “B”)l
Buffer Solutions

Flinn Scientific sells various buffer solutions. Vernier Software sells sets of pH Buffer Capsules.
Each set contains two capsules for pH buffers 4, 6, and 10 and four capsules for pH buffer 7.
These capsules, when added to 100 mL of distilled water, provide reliable buffers for calibrating
the pH Sensor.

Contact Vernier Software at (503) 297-5317 (or send a message via fax to (503) 297-1760).
You can prepare pH buffer solutions as follows:

pH4 Add 2.0 mLof0.1 MHClto 1L of 0.1 M potassium hydrogen phthalate.

pH7 Add582 mL of 0.1 M NaOH to 1 L of 0.1 M potassium dihydrogen phosphate.

pH 10 Add 214 mL of 0.1 M NaOH to 1 L of 0.05 M sodium bicarbonate.

Pre-lab

The pH Sensor can be used without calibration, but results will be better if students calibrate the
sensor using buffer solutions of known pH value. Review the procedure for calibrating the pH
Sensor with your students. (See the Procedure Details for S06 in Appendix A.)
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Safety and Disposal
Remind students about safety procedures when using chemicals.

For information on the handling and disposal of chemical solutions, check in the Flinn Scientific
catalog. Flinn can be reached at 1-800-452-1261.

Check local regulations about disposing of solutions used in the classroom. All of the substances
listed in the chart are commonly poured down sinks into municipal and rural drainage systems.

Data Recording
Remind your students that the file is set to stop recording automatically at 30 seconds.

Some data will probably vary for such chemicals as detergent, fruit juice, soda pop, and tap
water.

Extension

One extension is to record data on other liquid samples that the students collect, either from
home or from their surroundings.
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Memorandum — Activity M10: Test for Life — Measure a Chemical Reaction

To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 16 Dec. 2017 AD

TO: Science

Greetlngs Research Team

FROM: Joe Venus,
Space Agency

Thank you for the reports on measuring the pH values of the various Adminisiater
substances. After reviewing your results, the planetary scientists decided to Backgraund
recommend the most neutral substance as a preservative. Now the substance
will be tested by other research teams for longevity, volatility, etc.

The next activity in this phase of this project involves a different
measurement of materials that will someday be collected on the surface
of the alien planet.

When the Viking landers arrived on Mars in 1976, their on-board
computers directed them to conduct a series of tests to determine
whether any organic material was in the Martian soil. A robot arm on each
lander scooped up samples of dirt and put small amounts of the dirt into
special test chambers on the spacecraft. Each chamber had a different
set of instruments for testing for life.

We plan to use a variety of tests for life in our Mission to Other Worlds.
One test uses hydrogen peroxide, a very reactive chemical that is used as
an anti-infective. Hydrogen peroxide can cause living cells to die.
Catalase is an enzyme that can break down hydrogen peroxide into
harmless by-products, and most living organisms can produce catalase.

Your team will work on the prototype chamber that will test for living organisms by using hydrogen
peroxide. Your project manager has received the prototype chamber and some samples of soil for you to
use.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas,
but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed
the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.
Please submit your reports to the project manager so the manager can forward them to me.

Yours,

Joe Venus
Space Agency Administrator
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Procedure Outline — Activity M10: Test for Life — Measure a Chemical Reaction

188

This is a LAB activity.

EQUIPMENT Qty | OTHER Qty
Pressure Sensor - Absolute (CI-6532) 1 Glycerin 1mL
Bottle or flask, 250 mL 1 Hydrogen peroxide, 3% solution 50 mL
Connector (included with sensor) 1 Water 150 mL
Graduated cylinder, 100 mL 1 Soil samples (from project manager) 2
Plastic tubing (included with sensor) 20 cm

Quick-release connector (with sensor) 1 Per Student Qty
Rubber stopper, 1-hole, to fit bottle 1 Protective gear 1 set
|VOCABULARY |cata|ase |enzyme |

What Do You Think?

What happens when hydrogen peroxide is mixed with a soil sample that contains organic
material that can produce the catalase enzyme?

| Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section. |

Background

Catalaseis anenzymethat can break down hydrogen peroxide.
Hydrogen peroxide is a very active chemical that is often used as ar
infective. It can poison other chemicals in a living cell causing the csg
die.

Catalase reduces the peroxide part of the hydrogen peroxide molec
into water and oxygen by the following reaction:

2 H)O, + Catalase =====> 2 bD + Oy(g) + Catalase
(substrate) (enzyme) (products) (enzyme)

Since catalase is not used up in the chemical reaction, the same enzyme can start another
reaction. A substrate-enzyme reaction would cause oxygen to be released. The presence of the
enzyme would tend to indicate the presence of a living organism.

SAFETY REMINDERS (LAB) )
. Wear protective gear while handling chemicals. ﬂ '@’

. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.

Procedure Outline
[V] Remember, for more detailed information see ~ Appendix B .

In this activity, use a Pressure Sensor to measure the change in gas pressure insit <
closed bottle or flask in which a soil sample has been mixed with dilute hydrogen =22
peroxide. Determine whether the soil sample contains organic material that can pr .- -—
the catalase enzyme. '
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[ ] A. Set Up the Equipment
1. Putadrop of glycerin on the barb end of a quigk Plastic tubing

Il
release connector. Put the barb end of the — \ | (;:1 bD
connector into one end of a 20 cm long piece . &
plastic tubing (included with the Pressure Senspryuickrelease About 20 Connector for

bnnector cm long rubber stopper

2.  Put adrop of glycerin on the barb end of the connector for the rubber stopper. Put the barb
end of the connector into the other end of the plastic tubing.

3. Put a drop of glycerin on the larger diameter end of the connector that Plastic
will go into the rubber stopper, and insert the end into the rubber stoppq | wping

4.  Align the quick-release connector on the end of the plastic tubing wjth CO”"eC’O’
the connector on the pressure port of the pressure sensor. Push the \/

connector onto the port, and then turn the connector clockwise until “ Rubber
clicks (about one-eighth turn). stopper

5.  Put 25 mL of 3% hydrogen peroxide in a 100
mL graduated cylinder. Fill the cylinder to the
100 mL mark with 75 mL of water.

6.  Transfer the diluted peroxide solution to the .
flask. Plastic tubing

Rubber
stopper

7.  Be ready to put the rubber stopper into the neck
of the flask after you add the first soil sample [to
be tested.

8.  Connect the Pressure Sensor’s DIN plug into| pressure sensor
Analog Channel A on the interface.

Dilute
hydrogen
peroxide

[ 1] B.SetUpthe Experiment
1. StartScienceWorkshognd open th&cienceWorkshdjie as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
M10 Test for Life.DS M10 Test for Life M10 LIFE.SWS

. The file opens with a Digits display and a Table display of pressure, and a Graph display of
pressure versus time. Data recording is set to stop automatically at 120 seconds.
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[ ]

M10: Test for Life — Measure a Chemical Reaction

C. Do the Experiment

1. Begin recording data.

2. Add the first soil sample to the flask with the dilute hydrogen peroxide and quickly put the
rubber stopper into the neck of the flask. Push the stopper in firmly.

3.  Swirl the flask tahoroughlymix the soil sample into the solution. Hold the stopper down
tightly. Data recording stops automatically at 120 seconds.

4.  After the first trial,slowly remove the rubber stopper to relieve any pressure inside the
flask. Empty the flask and rinse it with water.

. Dispose of the soil sample and hydrogen peroxide as instructed. |

5.  Put 25 mL of 3% hydrogen peroxide in a 100 mL graduated cylinder. Fill the cylinder to
the 100 mL mark with 75 mL of water. Transfer the diluted peroxide solution to the flask.

6. Be ready to put the rubber stopper into the neck of the flask after you add the second soil
sample to be tested.

7.  Begin recording data again and then add the second soil sample to the flask. Repeat the
procedure as before. Remember, remove the stgpipely after data recording stops.

[ ] D. Analyze the Data

1. Examine the Table display and the Graph display to determine whether either soil sample
had organic material that contained the catalase enzyme.

2. Record your conclusions and answer the questions in the Report.
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Report — Activity M10: Test for Life — Measure a Chemical Reaction

A ST
Report —

NAME
CLASS
DATE

[ ]What Do You Think?

What happens when hydrogen peroxide is mixed with a soil sample that contains organic
material that can produce the catalase enzyme?

Answers will vary. Students might predict that the soil samples that contain organic material
may bubble when hydrogen peroxide is added.

[ ]Analyze the Data

1. For each soil sample you tested, examine the Table display and the Graph display to
determine whether either soil sample had organic material that contained the catalase

enzyme.
Data Table
Sample # Beginning pressure Final pressure Change in pressure
1 103 kPa 180 kPa 77 kPa
2 104 kPa 105 kPa 1 kPa
2. Sketch the plot of pressure versus Pressure vs Time

time for each soil sample you testg

I=
[ 3
180

. The plot of pressure versus time for the
first sample shows an increase in
pressure from about 100 kPa to about
180 kPa.

-'/
/ Sample #1

160

Run #5 @
Pressure (kPa)

140

.

\

12

o The plot of pressure versus time for the
second sample shows almost no
change in pressure.

1=
[ 3
1800100

Run #5 W
Pressure (kPa)
160

0

Sample #2

140

12

100

-
o 20 40 &0 a0 100 120

@ Tirne (=)
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[ ] Conclusion
Answers will vary. One conclusion is that the first soil sample contains living organisms that

produce thecatalase enzyme that reacts with hydrogen peroxide to release oxygen gas.

[ ] Questions
1. How does your answer to the ‘What Do You Think?’ question compare to the results?
Answers will vary.

2. Which soil sample is likeliest to contain organic material that has the catalase enzyme?
What evidence is there to support your idea?

The first soil sample is likeliest to contain organic material that hasdtease enzyme.

The evidence that supports this idea is that the gas pressure inside the flask increased by
almost 80%.

3.  What other evidence besides the change in pressure was there to show that a chemical
reaction was happening?

Other evidence that a chemical reaction was happening inside the flask was the bubbling
inside the flask and the slight warming of the flask.

Complete the following:

VOCABULARY |

catalase: Catalase is an enzyme that can react with hydrogen peroxide to break down the hydrogen
peroxide, but is not consumed or changed in the reaction.

enzyme: An enzyme is a complex protein produced by living cells that can speed up or induce chemical
reactions without itself being permanently altered.

Submit this report to your project manager as soon as possible so it can be forwarded to the
Space Agency administrator.
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Teacher’s Notes — Activity M10: Test for Life — Measure a Chemical Reaction

Time Estimates |Preparation: 60 min Alctivity: 30 min

Objectives
Students will be able to...
» use a Pressure Sensor to measure the change in pressure of the gas inside a closed container

» determine whether a gas-producing chemical reaction occurs when a soil sample is mixed with dilute
hydrogen peroxide

» conclude whether or not a catalase-producing organism is present
Notes
Soil Sample Preparation

The outline for this activity tells the students/researchers to get two different soil samples from
you — the project manager.

Equipment Needed Qt y | Other (per group) Qty
Balance (SE-8723) 1 Container (for samples) 2
Spoon 1 Sand, dry 9.5¢
Weighing paper 1 Yeast, active, dry 0.59

One soil sample is clean, dry sand. It must be as sterile (free of organic materials) as possible.

The other soil sample is clean, dry sand with a small amount of active dry yeast added. The
active yeast represents a typical living organism that has catalase - the enzyme that breaks down
hydrogen peroxide into water and oxygen. The sand is intended to disguise the presence of the
yeast.

When the sand/yeast mixture is added to dilute hydrogen peroxide, the catalase in the yeast
breaks down the hydrogen peroxide and releases oxygen gas. If this chemical reaction happens in
a closed container, the pressure inside the container increases.

Both the yeast and the hydrogen peroxide must be fresh. Dry active yeast should be refrigerated.

Make two soil samples for each group. Both soil samples should have the same mass. Make one
soil sample with 5 g of sand. Make the other soil sample with 0.5 g of yeast and 4.5 g of sand (or
one part yeast to nine parts sand).

Mixing a single, large batch of yeast and sand( one part yeast to nine parts sand) may seem more
efficient. However, because the yeast and sand have different densities, the sand tends to settle in
the container, leaving most of the yeast on the top. It would be difficult to dispense the large

batch of yeast and sand in such a way that each portion had the same one-to-nine ratio of yeast to
sand.

Safety

SAFETY REMINDERS (LAB) @ (A
. Wear protective gear while handling chemicals. ﬂ @
. Follow directions for using the equipment.

. Dispose of all chemicals and solutions properly.
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Disposal

Check local regulations about disposing of solutions used in the classroom. The substances used
in this activity are commonly poured down sinks into municipal and rural drainage systems.

Data Recording
Remind your students that the file is set to stop recording automatically at 120 seconds.

Also, stress that they need to hold the stopper down tightly using both thumbs. When the
yeast/sand mixture is added to the dilute hydrogen peroxide, the pressure inside the flask can
increase to almost 200 kilopascals, or two times the normal atmospheric pressure. If the stopper
is not held in place firmly, it will pop out of the flask!

Extensions

One extension is to test other organic substances to see whether they contain the catalase enzyme
and can cause the hydrogen peroxide to break down. One substance to try is raw chicken or beef
liver. Use the juice from the raw liver, or use a mortar and pestle to grind up a small amount of

liver with some distilled water. A second substance to test is raw potato. Again, use a mortar and
pestle to grind up a small piece of fresh, raw potato with some distilled water.

Another extension is to test saliva. Students may know that saliva contains an enzyme that is
essential to the digestive process. Does it also contain catalase?

Sample Data
O Pressure{tl =————D H
Y w7 v |@]AIR v & vt v|[X]E Pressure vs Time=——"—H B
i -5
Min.  Max.  Mean w3 ¥ _
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120 Q
120 [-)ara=] -»3%;
I%'— E
Fi7o S E
o 5 ]
i i
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5 2 n-;;
Fiso < = -
S g
F140 =7 -
153 -mm_-ﬁ»@
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120 1] 20 40 &0 20 100 120
Fi1a @ - Tirne (=)
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Overview — Appendix B

This appendix foPart 2: Mission to Other Worldsf Earth Science {
Labs with Computers the technical manual for the activities. For §
example, the technical manual includes step-by-step instructionsj
setting up equipment, connecting sensors t@&thenceWorkshop |
interface, or calibrating a sensor.

Use this appendix when you have questions about setting up
equipment or recording data for an activity.
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Technical Manual — Activity MO1: Design and Construct a Model Rocket

This part of the Technical Manual (Appendix B) gives information about orj -

way to design and construct a model rocket using a plastic bottle as the =
fuselage of the rocket, cardboard for fins, and pressurized water for fuel. T== I
Materials =

The following is a list of suggested materials and tools for constructing a model rocket using a
plastic bottle.

Suggested Materials Qty  Equipment and Tools Qty
cardboard sheets, approx. 21 by 28 cm 1 or 2 | pencil or pen 1
cardboard tube*, approx. 60 cm long 1 ruler or straight-edge 1
glue 1 tube | scissors 1pr
newspaper, sheet several

plastic sheet, thin, approx. 30 by 30 cm 1 Optional

plastic soda bottle** 1 hot glue gun

string 4m | paint

tape 1 roll | paint brush or sprayer

(*The cardboard tube can be smaller in diameter than the plastic soda bottle.)
(**The plastic soda bottle should be between 500 mL and 2 L.)

The basic plan is this:

» use the plastic soda bottle as the engine parachute

e add fins made from the cardboard sheets

e use the cardboard tube as the body, or fuselage
Parachute

* make a parachute from the thin plastic sheet and string lines

Body

|Construction Ideas |
tube

Engine

Some plastic soda bottles come with a plastic base. This is usually glu
onto the bottom of the bottle. Remove the plastic base by pulling it off.

You may also want to remove any paper labels from the bottle so it wi
easier to add fins. Paper labels can be peeled or scraped off or soak
with water.

19

Bottle
(engine)
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Fins

Fins improve the stability of your rocket. They (
not need to be very large in order to help keep
rocket stable in flight. You can experiment with

=

—

different sizes and shapes.
One possible shape is shown here:

Draw vertical guide lines on the plastic bottle
where you want to attach the fins. The lines
should be equally spaced around the bottle.

use one of the cardboard sheets

<

Cut along

< the lines.

~

Trim off.

draw the pattern for your fins onto the sheet

cut out the fins

One method for drawing equally spaced lines

requires a pen or pencil, a thin strip of paper, and
the edge of a door frame.

Place the bottle against the edge of a door frame. Draw
a line on the bottle using the edge of the door frame as a
guide.

Cut a strip of paper about one inch wide and long
enough to wrap at least once around your plastic bottle.

Put one end of the strip of paper on the guide line on the
bottle.

Top view

Door
frame

/ Bottle

Pen

Wrap the paper strip around the bottle so the
end of the strip overlaps the end that is at the
guide line.

Mark the paper strip at the point where it
crosses the guide line.

Put one end of the
paper strip on the
guide line.

Wrap the paper strip
around the bottle so
the ends overlap.

. i Mark the paper strip

Cut off the overlap part of the strip. Where it oo s tho

guide line.

«  Fold the remaining part of the strip in Overlap , Mark

half [ Remove the overlap

) part of the strip.
» Fold the strip again into quarters. Fold the
. strip in half.

» Unfold the strip. Mark the creases left Fold again

192

by the folding. The strip will now have
four equal parts.

Unfold the strip and

mark the creases.

into quarters.
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» Put one end of the paper strip on the guide line on the
bottle near one end of the bottle. Wrap the paper strip
around the bottle so the ends meet on the guide line.

e Put marks on the bottle that match the marks on the
paper strip.

* Move the paper strip to the other end of the bottle and
make marks that match the marks on the paper strip.

» Place the bottle against the edge of a door frame and
line up the marks with the edge of the door frame. Draw N P!
a line on the bottle using the edge of the door frame as
a guide. Draw the rest of the guide lines in the same
way. Edge of door

frame.

*  Glue the fins onto the bottle along the
guide lines.

Fin

* Use glue and strips of newspaper to
reinforce the joints where the fins are
glued to the bottle.

Newspaper

Bottle

Body

The stability of your rocket also depends on its length. Glue a cardboard tube to the top of the
engine (bottle). Use glue and strips of newspaper to reinforce the joint where the body tube is
glued to the bottle.

Parachute .\ i o

. . Fold in half.
The parachute can be made by cutting a cir¢le
out of a large plasticbag. | : \ :
* Fold a square piece of plastic in half, and then l

into quarters.
* Trim the edges to make a circle. |
. . Fold i
Cut six lengths of string about 60 cm each. q,‘ja,t’é’,s,
Tape one end of each string to the edge of th
plastic circle. Space the strings evenly aroun s Trim.
the edge of the circle. D ;
= 7/
777777777777777777777 %
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» Tape one end of the first string to the edge of the parachute
at one of the fold lines.

Cut a strip of paper
equal to the radius
of the circle.

» Cut a strip of paper that is the same length as the radius of

the circle (center to edge). Tape

» Place the strip of paper so that one end is at the first string.
Move the paper so the other end just touches the edge of
the circle. Put at mark at the end of the strip. string

* Move the paper strip so that one end is at the mark you just
made. Adjust the strip so the other end just touches the
edge of the circle. Put a mark.

* Repeat the process until you have equally spaced marks on i ‘

the edge of the circle. Move the pézperstrip \
along the edge ofthe 1\
circle to mark equal
intervals.

» Tape the ends of the other strings to the marks on the circle.

Tie the ends of the strings together in a knot. Tape or gjue....
the knot inside the top of the body tube.

Drape the parachute over the top of the body tube so the \
center of the parachute is over the end of the tube. |

| LAUNCHING THE ROCKET

One type of ready-to-use launcher has a rubbel Locking ~ Rubber
stopper that fits into the neck of the bottle. The bar stopper
rubber stopper is attached to an air hose that k
connects to a bicycle tire pump. The launcher has
metal jaws that hold the neck of the bottle. A
locking bar keeps the metal jaws in place until i1’smgger
time to launch. A trigger line pulls the locking bar jine [
out.

Prepare the rocket for launching

Launcher

*  Turn the rocket so the neck of the bottle is up. Half fill the

bottle with water. ‘Bottle

» Putthe end of the air hose through the base of the launcher :

. , Locking bar
between the arms. Press the rubber stopper firmly into the —_
neck of the bottle. Place the rubber stopper and bottle
between the arms of the launcher.

y— Neck ring

Launcher
arm

» Each arm of the launcher has a notch in its side. Move the Trigger Air hose

arms so that each notch fits over the neck ring of the bottle. line  Rubber
When the arms are in place, put the ends of the locking bar stopper * Launcher
into the holes on the arms. leg
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» Take the launcher and rocket to an appropriate launch site.

Press the two pointed legs of the launcher into the ground to -

anchor the launcher in place.
» Push three dowels or sticks into the ground at equal intervals v

of distance around the side of the rocket to support the

rocket.

Dowel or

» Attach the valve stem on the end of the air hose to the bicycle stick

tire pump.

* Pump up the air pressure inside the bottle to 40 pounds per
square inch, but no more!

Launch Safety Rules

* Do not pressurize beyond 40 pounds per square inch. L

Air hose

* Do not aim the rocket at anyone, or at buildings or other Triooer
rigger
structures. line

¢ Do not look down at the rocket during pressurization or
launch.

» Do not stand within 10 feet of the rocket while launching.
Launch the Rocket

« Stand away from the rocket. Move to a position so you can pull the locking bar using the trigger line.
Tighten the trigger line.

* Announce a countdown.

» Give the trigger line a sharp tug to pull out the locking bar.

TG: MO1 - Appendix B © 1999 PASCO scientific 195



Earth Science Labs with Computers Teacher’s Guide
MO1: Design and Construct a Model Rocket Technical Manual

196 © 1999 PASCO scientific TG: M0O1 - Appendix B



Teacher’'s Guide Earth Science Labs with Computers
Technical Manual MO02: Acceleration of a Model Rocket

Technical Manual — Activity MO2: Acceleration of a Model Rocket

This part of the Technical Manual (Appendix B) gives information about ho
use the Motion Sensor to measure the change of velocity (acceleration) of
model rocket. -

About the Motion Sensor

The Motion Sensor is designed to measure the position of an object as the object moves. The
sensor has a brass colored transducer that creates a burst of ultrasonic pulses.

The burst of ultrasonic pulses travel at the speed of sound toward,— 5=

the object and then “echo” from the object back to the sensor.
The software records the time between the pulse going out anp oBJECT
1000 0 =

the echo returning. The program calculates the distance to th
object based on the speed of sound and the recorded time fo
pulse to reach the object. MOTION SENSOR

e

The program records the object’s position many times per

second. It uses the difference in position from one moment to the next to determine the object’s
speed. It can measure whether the object is moving toward the sensor (negative direction) or
away from the sensor (positive direction) to determine the object’s direction of motion. The
speed and direction of motion give the object’s velocity. The change in the object’s velocity from
one moment to the next is the object’s acceleration.

[ ] A. Set Up the Equipment
1. Fill the 2 liter containers with water.

2.  Getready to carry the water containers and other equipment (air pump, base & support rod,
model rocket & launcher, tire pressure gauge) to the launch site.

[ ] B. Set Up the Experiment

You can use th8cienceWorkshop00 Interface to record data outside of a classroom. You can
program the interface while it is connected to the computer, disconnect the interface and go
collect data, and then re-connect the interface to the computer to analyze your data.

|See Appendix C about using the ScienceWorkshop 500 Interface for “data logging” |

1.  StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO02 Model Rocket.DS MO2 Acceleration M02_ACCE.SWS

. Select ‘Open’ from the ‘File’ menu. AL FAL Bperiment Depis

. Go to the Experiment Library. Find the document labeled as shown | aose window" e
above. Double-click the document filename or select it and click OK| savess.. =
‘Open’ s o

«  The file opens with a Graph display that shows the position and the| wmmtaiospags.
velocity of the object being measured. P Rt e
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2.

Prepare th&cienceWorkshoipterface for data logging.

Make sure that there are four AA alkaline batteries in the interface battery compartment.
Make sure that the POWER switch on the back panel of the interface is ON.

Set up the software for data logging.

In DataStudig click the ‘Experiment’ menu in the menu bar and select ‘Disconnect for

= Logging...

Logging’ or click ‘Logging’ ( |) in the Setup window toolbar. In
ScienceWorkshoglick the ‘Experiment’ menu and select ‘Disconnect for Logging...”.

In DataStudig a window opens reminding you that you can print an experiment summary
if you want. (If your computer is connected to a printer you can print an experiment
summary.) After you click “Yes’ or ‘No’, the software is ready for data logging.

B ] =]
It may be useful to print an experiment Interface is disconnected for data logging.
ey summary to take with you when data e Y ou can reconnect by choosing Connect To
logging. Interface on the Experiment menu, or
- Would you like to print a sumumary of your R clicking the Connect button in the Setup
experiment? Window toolbar.
| Cancel | | Ho ||| es ||

o

198

In ScienceWorkshophe Data Logging
Setup window opens. (If your computer is
connected to a printer you can print a _ _ _
checklist.) Click ‘Begin Logging’ when ot oty it e dta loging
you are ready to begin data logging.

The interface goes into “sleep” mode. Thé

s The Science Workshop interface has been initialized
for data logging.

[ Print Checklist ]

green ||ght-em|tt|ng d|0de (LED) on '[he "Can_l:el Logging” will prevent transition to data
front panel of the interface will go out, ang ogging mode.
then W|” b||nk once every f|Ve seconds Select “Beg_in Logging” to c_ompletelogging setup. You
may then disconnect your interface from your
Disconnect the interface from the computer.
computer. Unplug the power cord and the neiioggng ) [ seomisssme
interface cable from the back of the e o
interface box. (It doesn’t matter which is
unplugged first).
Carry the interface and other equipment to the experiment & ’AICN;BEFEFAC;_.__\
%: ;; ""’éﬁﬁ?m
| SUPPLY
' ' i 1 -, P:V?WIILH = UN

© 1999 PASCO scientific TG: M02 — Appendix B



Teacher’s Guide Earth Science Labs with Computers
Technical Manual MO2: Acceleration of a Model Rocket

[ ] C. Do the Experiment

Trial | Amount of Water Pressure
1 Half-full 40 p.s.i.
2 One-third full 40 p.s.i.
3 Two-thirds full 40 p.s.i.

1.  Connect the Motion Sensor plugs into Digital Channel 1 and
Digital Channel 2 on the interface box. Mount the Motion
Sensor on the support rod.

. Connect the plug with the yellow band into Digital Channel 1
Connect the other plug into Digital Channel 2.
2. Put the launcher legs securely into the ground. Add water to the

bottle. Push the rubber stopper into the bottle neck and set up your model rocket on the
launcher.

. See the Technical Manual féctivity MO1: Design and Construct a Model Rocket

3. Set the Motion Sensor and interface about 1 meter from the launch site. Aim the Motion
Sensor so that its “line-of-sight” is at the top of the model.

. One way to line up the Motion
Sensor is to look at the brass-
colored transducer. If you can see

o

the reflection of your eye, then you N
know where the sensor’s “line-of- N
sight” is located. jt
* “ A Afai »”
):R . “Line-of-sight coster Line-of-sight
1 1 Rocket ]
—\__ Dowel or
) Motion | stick
~ || Sensor
h Motion
S
] /Tape ensor
T~ , Trigger line
Launcher Dowelor  Curved cardboard I Interface
stick splash shield Launcher
— 1

Top View - :

4. Make a curved splash shield and put it between
the base of the launcher and the Motion Sensor
to protect the sensor from water.

@ I.‘S/,eor?_ggr . Use a curved piece of cardboard, three dowels
T or sticks, and tape to make the shield.

5. Connect the air hose valve stem to your air
Rocket  Dowelor  Curved cardboard pump. Pressurize the bottle to 40 pounds per
stick splash shield square inch and prepare to launch the rocket.

“Line-of-sight”
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6.

200

N

When you are ready, press the LOG button on the front of the interface. Wait ten seconds.

The LED on the front of the interface blinks once a second for ten seconds while the
interface wakes. The green LED blinks rapidly during data recording.

When the LED on the front of the interface begins blinking rapidly, tug sharply on the
trigger line to launch the rocket.

After the rocket launches, press the LOG button on the front of the interface to stop data
recording.

The LED goes out and then blinks once every five seconds.

Recover the model rocket and repeat the launch procedure, tegsysater than for the
first trial. Recover the model rocket and repeat the launch procedure, lpnbresgater
than for the first trial.

D. Analyze the Data
Reconnect the interface to the power supply and computer.
Download data from the interface to the computer. (See Appendix C.)
In DataStudiq select ‘Connect to Interface...’ in the Experiment menu or click ‘Connect’
(| 1 (CR0EG |) in the Setup window toolbar. BcienceWorkshggelect ‘Connect to
Interface’ in the Experiment menu. The data will be downloaded automatically.

Examine each run of data in the Graph display to determine the acceleration of the model
rocket.

In DataStudig click ‘Data’ () in the Graph toolbar to select a run of velocity

data. InScienceWorkshoplick ‘Data’ () on the left side of the Graph display or
select a run of velocity data the bottom of the Experiment menu.

In DataStudiq click ‘Curve Fit w\) in the Graph toolbar and select ‘Linear’.
The slope appears in the Legend box. In
ScienceWorkshoglick ‘Statistics’

[0 =————— Motion of a Model Rocket =——="UHH
. [=] 16 —

( ) in the lower left corner of the ® "] Bl o statistios seieotes. 2]

Graph to open the statistics area and g I N

select ‘Curve Fit, Linear Fit' from the |87 |#5™ \

. , (I 5 % = ] L
‘Statistics Menu ).‘ The slope = eend] A ]
(a2) appears in the statistics area. . 3

. 7 -
Record the slope values and write you|: ® ] B

conclusions and answer the questions | g, |52 \ 3= 2021 71460

the Report. §3° ,_\j 2= s 15510

JoATR| 5 5
2] / %
' /
I I 1.60 I I I1.80
- Time ()

hll} [y Dlal&]~

Click-and-draw a rectangle around a
region of interest in the velocity plot.
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Technical Manual — Activity MO3: Determine a Spacecraft Surface

This part of the Technical Manual (Appendix B) gives information about howy=——="-—""-"3
use Temperature Sensors to measure the change of temperature of the Waii .
two different aluminum cans. _ -

About the Temperature Sensor = |

The Temperature Sensor is designed to measure the temperature of water and other liquids. The
sensor has a small transistor in its tip that produces a voltage that matches the temperature.

The sensor produces 10 millivolts (0.01
volts) for every degree Celsius of
temperature. The program converts the
voltage into a digital (humeric) value of
temperature.

The sensor is covered with protective

Teflon except at the very tip. The sens

comes with a separate Teflon cover that can be slipped over the end of the sensor for extra
protection from corrosive or caustic chemicals.

[ ] A. Set Up the Equipment

1. Prepare the two aluminum cans (one shiny and one painted black). Fill each can with the
same amount of room temperature water.

. For example, fill each can with 200 mL of room temperature water.

2.  Place each can on an insulated pad. Keep the cans away
from drafts.

. The insulated pad will reduce the amount of heat transfer
through the bottom of each can. _
Top view

3.  Plug in the heat lamp but don’t turn it on yet. Place each can
so it is the same distance from the front of the heat lamp.

. Use a ruler or metric tape to measure the distance.

4.  Connect one Temperature Sensor into Analog Channel A on
the interface. Connect the second Temperature Sensor into Analog Channel B on the
interface.

5.  Put Temperature Sensor A into the shiny can and put Temperature Sensor B into the dark
can.

Cans

Same distance
to both cans.

Heat lamp
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1.
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202

B. Set Up the Experiment
StartDataStudioor ScienceWorkshoand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO3 Heat Transfer.DS MO3 Heat Transfer M03 HEAT.SWS

Select ‘Open’ from the ‘File’ menu. "'e [ Epemieit DI

Go to the Experiment Library. Find the document labeled as Shown | ose winaow
above. Double-click the document filename or select it and click OK| ve...
‘Open’.

Page Setup...

The file opens with a Graph display that shows the position and the| erintanbispiays..
velocity of the object being measured.

You do not need to calibrate the Temperature Sensors.

The Graph display shows the temperature for both Temperature Sensor A and Temperature
Sensor B.

C. Do the Experiment
Turn on the heat lamp. Be sure that both cans receive the same amount of radiant energy.
Begin recording data. Data points will appear on the Graph display every 10 seconds.

o
To start data recording, click ‘Star) in DataStudioor ‘REC’ () in

ScienceWorkshop

Swirl the water in both cans continuously for 15 minutes. Data collection stops
automatically.

One way to swirl the water is to stir with the temperature sensors.

D. Analyze the Data

Use the Statistics area in the Graph display to find the minimum and maximum
temperature for each can.

In DataStudig click ‘Statistics’ ) in the toolbar. ‘Minimum’ and ‘Maximum’ are

the default selections. . BcienceWorkshoglick ‘Statistics’ ) in the corner of the
Graph display. Use the ‘Statistics Men) to select ‘Minimum’ and ‘Maximum'.

In DataStudig the minimum and maximum temperatures appear in the Graph Legend. In
ScienceWorkshgphe minimum and maximum values of “y” appear in the statistics area.

Subtract the minimum temperature from the maximum temperature.
Record your results and answer the questions in the Report.
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Technical Manual — Activity M04: Map a Planetary Surface

This part of the Technical Manual (Appendix B) gives information about how to 1
a Motion Sensor to measure the relative distance from the sensor to objects on| =
planet’s “surface”. -

NOTE: See the Technical Manual #ctivity M02: Acceleration of a Model RocKet
information about the sensor.

[ ] A. Set Up the Equipjment
. Make sure that the objects used as features on the surface are less than 1.1 meters tall.

[ ] B. Set Up the Experiment

|See Appendix C for details about using the  ScienceWorkshop 500 Interface for “data logging”. |
1. Connect the sensor to the interface. dataStudioor ScienceWorkshogpnd open the file

as follows:
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO04 Map a Planet.DS MO04 Map a Planet M04 MAP.SWS

. Select Open from the File menu. Go to the Experiment Library.

. Find the folder or sub-directory for Earth Science.

. Find the document labeled as shown above. Double-click the document filename or select
it and click OK o],

. The file opens with a Graph display. The file has a pre-made calculation for distance from
the sensor to the planetary “surface”.

. The Graph display shows the calculated distances.

2. Inthe program, prepare the interface to be disconnected for data logging.
Prepare for Data Logging | Experiment |
‘Di ina’ Start Dat %R
1.  Select ‘Disconnect for Data Logging’ fron StartData iy @ FRecora %R
the Experiment menu. Stop Data . )
Keep One Sample %K P Monitor #M

. Note: InDataStudioyou can also click the | pelete Lastbata Run -
‘Logging’ button in the Experiment Setup | Petete ALt bata funs

Connect to Interface...

window. Disconnect for Data Logging [ stop g
Set Sampling Options..

[l rause %,

. H ‘ 1 5 ling Opti
ReSU|t #l The In_te_rface_ goes to Sleep New Empty Data Table... cznmnpe::rﬁu?nltzr:ace
and the |Ight-emlttll‘lg d|0de (LED) on the Add Display... Disconnect For Logging... #
front panel of the interface blinks once PR
. ange Interface...
every five seconds. —
R s ‘s‘r? Setup Window
Result #2 The software shows a reminder N
Signal Generator Window

window. =

| Notes Window

It may be useful to print an experiment
summary to take with you when data
logging.

Would you like to print a summary of your
experiment?

[ = | T |

A
v

Ik

:2211| Calculator Window

cxperiment sctup information,

Save changes to experiment document
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2.

204

Disconnect the interface from the computer and power supply. s ~rereace

Unplug the interface cable from the back of the interface. Unpl
the power supply from the back of the interface. It doesn’t matt i
which is unplugged first. -

Be sure to leave the power switch in the ON position. -

L ~
/" PLUG FROM

| POWER

The green light-emitting diode (LED) on the front of the interfac
will go out, and then it will blink once every five seconds.

C. Do the Experiment

Carry the interface and Motion Sensor to the edge of the “planet”. Hold the Motion Sensor
about 1.5 meters (5 feet) above the floor. Turn the sensor so it faces the floor.

Press the LOG button on the interface to “wake” the interfo oo - o "
and begin recording data. Q} (:U}
: : —

The green light-emitting diode (LED) will blink once per y x
second for ten seconds while the interface gets ready to :
record data. When the green LED begins to blink rapidly, the :
interface is recording data. )

Move at a slow, constant speed so the Motion Sensor can
record the distance between it and the features of the
“planet”.

When you reach the end of the landscape, press the LOG
button again to stop recording data and return the interface t :
“sleep” mode. \d v

</

D. ANALYZE THE DATA

Reconnect the interface to the power supply and computer. Select ‘Connect to Interface’ in
the Experiment menu.
Elavatioh(f)=————— 05§

. . . N8
Note: InDataStudioyou can also click the | R ERELEALw -EAlx~]s w e~
Connect’ button in the Experiment Setup|| 1.,
window.

Result #1 The data are automatically
downloadedResult #2 The LED on the
interface stays on.

Examine the Graph display to find the
minimum, maximum, and mean values fo
the distances from the sensor to the
planet’s surface features.

3. Record your results and answer
the questions in the Report.

T T T T T T T T T T T T T T T T T T T T
-1 1 Z 3 4 5 8 F o8 9 10 11 12 13 14 13 16 1T 18 19
F-0.05 Tirme(=)

%
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Technical Manual — Activity M05: Acceleration of a Falling Object

This part of the Technical Manual (Appendix B) gives information about how = ;,_ .
use a Motion Sensor and the Graph display in to determine the acceleration -
object as it falls, and the acceleration of the object as it hits and bounces on | = |
surface. e

NOTE: See the Technical Manual #ctivity M02: Acceleration of a Model RocKet
information about the sensor.

[ ] A. Set Up the Experiment
. This setup prepares the Motion Sensor for calibration.

1. Mount the Motion Sensor on the support rod, place the sensor near the edge of a table, and
turn the sensor so it is aimed at the floor. Make sure the floor is level.

2.  Use the meter stick to adjust the Motion Sensor so it is exactly 1 meter above the floor or
flat, hard surface.

[ ] B. Set Up the Equipment
1. Connect the sensor to the interface.

. Plug the modular connector on one end of the interface
cable into the side of the Motion Sensor. Connect the
stereo phone plugs of the Motion Sensor to Digital
Channels 1 and 2 on the interface. Connect the yellow
plug to Digital Channel 1 and the other plug to Digital
Channel 2.

2.  StartDataStudioor ScienceWorkshopnd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO5 Falling Object.DS MO5 Free Fall & Bounce MO5 BOUN.SWS

. Select Open from the File menu.
. Go to the Experiment Library.
. Find the document labeled as shown above. Double-click the document filename or select

it and click OK or.
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[ ] Pre-Lab: Calibrate the Motion Sensor
3. Inthe Experiment Setup window, double-click the sensor’s icon.
. Result In DataStudiq the Sensor Properties window opens.

Click the ‘Motion Sensor’ tatResult The calibration window opens and the sensor
begins to click a few times per second.

. Result In ScienceWorkshophe sensor’s calibration window opens and the sensor begins
to click a few times per second.

= smortpertis e H| | [ rapenin 1|
11 j
Cenoral | Messurements || Motion Gensor Genersl | Meassurements || Motion Sensor 1@ ! Motion Sensor
é/ lisifi Semsr 3 Calibration Distance: Specd of Sound
m 344000 m/s Calibration Distance; Speed Of Sound:
MMMMM
£1-6742 (shown), C1-6520 e ) i OB [100  |m [_Calibrate | 34400 mss
Cur renk Distancs 8.000 m
0999m Current Distanco
Min Distance e
1000 m
AP RS I Max Distance:
050 m
] Cena Trigger Rate: Hz 800 m
015 m Min Distance:
030 m
f Y )
Come] =7 || | Cmio (mcenceim] {mcke]

4.  Calibrate the software.
. First, make sure that the sensor is one meter from the target.

. Second click the ‘Calibrate’ button in the Motion Sensor
window. Result The software calculates the speed of sound
based on the calibration distance (one meter) and the round
trip time of the pulse and echo

5.  Click ‘OK’ to return to the Experiment Setup window.

[ ] C. Do the Experiment

1. To start recording data, click ‘Start’ ataStudioor ‘REC’
in ScienceWorkshop

2.  Begin data recording and then drop the ball. Let the ball
bounce several times.

. Remember: Be sure to move your hand out of the way as
soon as you release the ball.

3.  After the ball has bounced several times on the floor, stop the

data recording. Y
. Click ‘Stop’.to stop recording.
. If you want to delete a trial of data because a hand was in the way or the ball did not

bounce very well, go to the Data list in DataStudio or ScienceWorkshop. Click the trial of
data in the Data list to highlight the data run.

. Press the <delete> key on the keyboard. An alert window will open asking “Are you sure
you want to delete the selected data?.”

. Click OK to delete the data and return to the Setup window.
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The position plot of the Graph shows a “mirror image” of a ball bouncing on a flat surface.
Use the built-in analysis tools in the Graph display to determine the acceleration of the ball

[ ] D. Analyze the Data
1.
as it falls.

Rescale the Graph display to fit the data so you can see two or three ‘bounces’.
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. Move the analysis tool to one of the ‘flat’ regions in siceeleratiorplot. Read and record
the value of acceleration. (Hint: DataStudio the acceleration is the 'y’ coordinate. In
ScienceWorkshgphe acceleration is shown along the vertical axis.)
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2.

3.
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In the acceleration plot, use the ‘Smart Tobl{aStudi9 or the ‘Smart Cursor’
(ScienceWorkshgpo find the maximum acceleration each time the ball bounces.

Move the analysis tool so it is at the lowest point for one of the ‘bounces’ on the plot of

acceleration.

Read and record the value of acceleration.
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Record your data and answer the questions in the Report.
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Technical Manual — Activity MO6: Design Landing Bags

This part of the Technical Manual (Appendix B) gives information about how |
use a Pressure Sensor and the Graph display to determine the relationship o ==
pressure and volume of a gas as the volume of the gas is altered. . |
About the Pressure Sensor

The Pressure Sensor uses a MPX700
transducer. This type of transducer has two
ports, but there is a permanent reference
vacuum cell sealed to one port of the
transducer. The other port is open to the
atmosphere.

The sensor consists of the electronics box with a cable for connecting to the computer interface.
The port that is open to the atmosphere has a “quick-release” style connector. The transducer is
durable, but it is designed to be used with non-corrosive gases such as air, helium, nitrogen, etc.
Do not let the transducer get wet.

[ ] A. Set Up the Equipment

1. Be very careful when cutting the piece of plastic tubing.
Use the shortest length of tubing that you can so theresis{ |
a minimum amount of extra air. T E

Plastic

2. The glycerin lubricates the tubing so it can slip onto theguick-release  tubing
syringe and the connector. connector

. You may need to disconnect the plastic tubing from the sensor in order to pull the piston
back out to the 20 mL mark. To disconnect the tubing, turn the quick-release connector
about one-eighth turn counter-clockwise and pull the connector away from the sensor.
Reverse the steps to re-connect the tubing after you pull the piston back to 20 mL.

Barb Syringe

[ ] B. Set Up the Experiment

1. Connect the sensor to the interface. Put the
sensor cable’s DIN plug into Analog Channel A
on the interface. Connect the other end of the
cable into the sensor.

2.  Start the program and open the file as follows:

Q
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO06 Landing Bags.DS MO6 Airbags M06 BAG.SWS

. Select Open from the File menu.
. Go to the Experiment Library.
. Find the document labeled as shown above. Double-click the document filename or select

it and click OK or.

. The file opens with a Graph display, a Table display, and a Digits display. You will use the
keyboard to type in the amount of volume as you change it.
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[ ] C. Do the Experiment

1. One person can type in the amount of volume while a second person pushes on the syringe
to change the volume.

2. When you start recording data, the TablBataStudioshows the pressure in the first cell
of one column, and the volume’s first value (20 mL) in the second column. In
ScienceWorkshgphe ‘Keyboard Sampling’ window opens.

[0 ="————1Table === 0H
— ——— Keyboard Sampling =——
S JEEAEHE o ot ~ eTare )
] olurne (m
M Fressure, Cha W Sy ringe Volime =
Fun #1 Run ¥ =
Pressure
(kPa) {mly
101 586 1 20 00of ] Iy
Entry = 1 |20.0 |
fEaiaia
[ $top Sampling ]
<
3. InDataStudig click ‘Keep’ to record the pressure. Press <return> or <tab> to move to the

next cell in the TableResult The Table display changes to show the next value of volume
(18 mL). InScienceWorkshoype in ‘20" and click ‘Enter’ to record the pressure and
volume.Result The first entry appears in the list, and ‘Entry #2’ shows a new default

value.
[0 =——=Table 1 E= =—— Keyboard Sampling =
fiés |E v| i@ Data = = Yolume (mi)
W FPressure, Chi W Seringe Volume *1 200000 i
Run #1 Rur ¥
Fressure
(kPal Cralt
101 566 [ 0 ooof | ]
114 750 12,000
Entry  #2 | 30.0000 |
- ( stop Sampling ]

4.  Move the piston to the 18 mL mark. Click ‘KeepDiataStudio In ScienceWorkshop
type in ‘18’ and click ‘Enter’.

5.  Continue the procedure until you reach 10 mL.
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[ ]
1.

Direct Relationship

D. Analyze the Data
Use the Graph display to determine the relationship of the pressure and volume of the air.

Will the relationship between the volume and the pressure be a direct one or will it be
something else? The shape of the plot of two quantities can tell what their relationship

might be.

Here are two examples of relationships:

Earth Science Labs with Computers

Inverse Relationship

MO06: Design Landing Bags
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Record your results and answer the questions in the Report.
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Technical Manual — Activity MO7: Temperature at Different Locations

This part of the Technical Manual (Appendix B) gives information about F} = s
to use the Temperature Sensor to determine the temperature at several e
different locations. === I

NOTE: See the Technical Manual #ctivity MO3: Determine a Spacecraft | 1N
Surface - Heat Transfdor information about the sensor.

[ ] A. Set Up the Equipment

1. Connect the sensor’s DIN plug into Analog Channel A
on the interface.

[ ] B. Set Up the Equipment

You can use th8cienceWorkshapO0 Interface to record data
outside of a classroom.

|See Appendix C about using the ScienceWorkshop 500 Interface for “data logging” |
1.  StartDataStudioor ScienceWorkshognd open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MQ7 Location Temp.DS MO7 Remote Temperature MO7 REMO.SWS

. Select Open from the File menu.

. Go to the Experiment Library.

. Find the document labeled as shown above. Double-click the document filename or select
it and click OK orl2een_J.

2.  Prepare th&cienceWorkshoipterface for data logging.

. Make sure that there are four AA alkaline batteries in the interface battery compartment.

. Make sure that the POWER switch on the back panel of the interface is ON.

3.  Set up the software for data logging.

. In DataStudiq click the ‘Experiment’ menu in the menu bar and select ‘Disconnect for

Logging’ or click ‘Logging’ ( LG, |) in the Setup window toolbar. In

ScienceWorkshoglick the ‘Experiment’ menu and select ‘Disconnect for Logging...”.

. In DataStudio a window opens reminding you that you can print an experiment summary
if you want. (If your computer is connected to a printer you can print an experiment
summary.) After you click ‘Yes’ or ‘No’, the software is ready for data logging.

It may be useful to print an experiment cted for .
Y ou can reconnect by choosing Connect To

PR summary to take with you when data ye o
o i logoi AL | PP - S T = M
going. %) HIETACe Oil Uie¢ CXPEinent ineiil, ofF
A Would you like to print a summary of your = clicking the Connect button in the Setup
experiment? Window toolbar.

| Cancel | | Mo | || e ||
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o |n SCIEﬂCeWOI'kShthe Data LOgglng Setup WIndOW TheScien:t\’_Vurkshup interface has beeninitialized
opens. (If your computer is connected to a printer yo fordatalvgain _ _
can print a checklist.) Click ‘Begin Logging’ when yo checklstfor netd eference.
are ready to begin data logging. -

. The interface goes into “sleep” mode. The green ligh wancel Logging! will prevent ransiion o data
emitting diode (LED) on the front panel of the interfa Cetect g Logging™to complete foqging setun. You
will go out, and then will blink once every five may thon disconnoctyour nterface rom your
seconds.

. ) [___canceltogging | [ pegin Logging |

4.  Disconnect the interface from the computer. Unplug
the power cord and the interface cable from the back of the — oo
interface box. (It doesn’t matter which is unplugged first). Y N

5.  Carry the interface and sensor to the first location site. il Rl

[ ] C. Do the Experiment

1. Place the Temperature Sensor so its tip is against a surface thats
exposed to direct sunlight. When you are ready to begin the experiment, press the LOG
button on the interface to wake the

. On a bright day, you may need to shield the LED with your hand in order to see it blink.

2. Leave the Temperature Sensor in the contact with the surface that is in the sunlight for
about sixty seconds. Press the LOG button again to stop recording data.

. One team member can serve as the “official timekeeper” to keep track of the amount of
time that data should be recorded.

NTERFACE

Optional

If there is a shallow puddle of water near some bare ground, measure the temperature of the
water and the temperature of the bare ground next to the water.

. If the ground is very hard, use a tool to loosen the soil before you put the tip of the
Temperature Sensor into it.

[ 1 D.ANALYZE THE DATA
1. Reconnect the interface to the power supply and computer. Download the data.

. Select ‘Connect to Interface’ in the Experiment menu. The data will be downloaded
automatically.

2. Examine each run of data to determine the minimum, maximum, and mean value of
temperature for each location and condition.

. Use the display’s Statistics menu to select ‘Minimum’, ‘Maximum’, and ‘Mean’.
Record your results and answer the questions in the Report.

w
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Technical Manual — Activity MO8: Relative Humidity

This part of the Technical Manual (Appendix B) gives information about how to 1 _
Temperature Sensors and the Graph and Table displays to determine relative 1= |
humidity. =

NOTE: See the Technical Manual #ctivity MO3: Determine a Spacecraft Surface - Heat
Transferfor information about the sensor.

[ ] A. Set Up the Equipment

1.  Wrap the piece of cheesecloth or light cotton material around
the end of one of the Temperature Sensors. Cloth

. Make sure the tip of the sensor is covered completely by onés,
layer of the cloth. Temperature
Rubber Sensor

2. Connect the dry-bulb Temperature Sensor’s DIN plug into band
Analog Channel A on the interface. Connect the wet-bulb
Temperature Sensor’s DIN plug into Analog Channel B on
the interface.

3.  Putroom temperaturevater into a container.

. Fill the container early and let it sit in the room until its
temperature reaches room temperature.

. One way to keep track of its temperature is to use the dry-
bulb sensor. Hold the sensor in the air so its tip does not
touch anything. IDataStudig select ‘Monitor Data’ from the Experiment menu. In

Wet-bulb

B
ScienceWorkshogglick the ‘MON’ () button. Watch the Digits display to see the
room temperature. Now put the end of the sensor in the water and watch the Digits display
to see the water's temperature.

. If you do not have time to wait, add a small amount of warm water to raise the
temperature, or add a small amount of cold water to lower the temperature. Add the water
slowly and stir the water with the sensor. When the water’s temperature is near room
temperature, stop adding the extra water. Click the STOP button.

[ ] B. Set Up the Experiment
1. StartDataStudioor ScienceWorkshognd open the file titled as shown:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
M08 Humidity.ds M08 Humidity M08 _HUMI.SWS

. Select Open from the File menu.
. Go to the Experiment Library.
. Find the document labeled as shown above. Double-click the document filename or select

it and click OK or.
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[ ] C. Do the Experiment

1. Place both Temperature Sensors near the edge of a table so the ends of both sensors extend
beyond the edge of the table.

. You may want to use pieces of tape to
hold the sensors in place on the table.

2. Moisten the cheesecloth witbom
temperaturevater.

3.  Begin data recording.

. Click ‘Start’ in DataStudioor ‘REC’ in Fan vigorously
ScienceWorkshop for 60 seconds.

4.  Stop data recording after 60 seconds.

. Watch the horizontal (x) axis of the Graph display to keep track of time. Click the STOP
button at 60 seconds.

Dry-bulb Temperature Sensor

To
Channel A

To
Channel B

Wet-bulb Temperature Sensor

Optional
Set up thescienceWorkshapOO Interface for “data logging”.

|NOTE: See the Technical Manual for Activity MO7 - Temperature at Different Locations. |

Carry the interface sensors, fan, and container of water outdoors. Repeat the data recording
procedure. Remember, press the LOG button to begin recording data, wait 10 seconds, and then
fan vigorously for 60 seconds. Press the LOG button again to end data recording.

[ ] D. Analyze the Data

1. Examine each run of data in the Graph and Table displays to determine the dry-bulb
temperature and the wet-bulb temperature for each run of data. Use the temperatures and
the chart in the report to calculate the relative humidity.

. Use the ‘Data’ menu to select a run of dataD&taStudiq click the ‘Data’ menu in the
Table display toolbar. I8&cienceWorkshoglick the ‘Data’ menu on the left side of the
display.

. Use the built-in statistics of the Table display to find the minimum, maximum, and mean
of the temperature. In DataStudio, use the ‘Statistics’ menu in the Table toolbar. In
ScienceWorkshp, click the ‘Statistics’ button on the left side of the Table display to open
the statistics area at the bottom of the display. The minimum (Min), maximum (Max),
mean (Mean), and standard deviation (Std Dev) are shown in the statistics area.

2. Record your results and answer the questions in the Report.
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Technical Manual — Activity MO9: pH of Samples from Other Worlds

This part of the Technical Manual (Appendix B) gives information about§ 7. .
how to use a pH Sensor and the Digits displays in the software to deter pr—
the pH of several unknown substances.

This part of the manual also gives information about how to calibrate the
Sensor before using it to make measurements.

About the pH Sensor
The pH Sensor is designed to measure the pH (“potential of hydrogen”) of a liquid.

The sensor has two parts: a pH Electrode and an
Amplifier. The pH Electrode has a BNC plug on
its cable that connects to the BNC connector on
the Amplifier. The Amplifier has a DIN plug and
a cable that connects to the interface.

The pH Electrode produces a voltage

proportional to the hydrogen ion concentration

(“potential of hydrogen” or pH) in a solution. _

The voltage changes 0.1 volts for each pH ”)@
Q

number. The pH Amplifier has a very high inpu
impedance.

The end of the pH Electrode is stored in a smal
plastic container that contains a buffer solution
made with 1 gram of potassium chloride (KCI) added to 100 mL of pH 4 buffer solution.

[ 1 A. SetUpthe Equipment

1. Put some of the first substance you are going to test in a clean, dry container. Write a
description of the substance in your report.

2.  Put the pH Electrode into the substance.

[ ] B. Set Up the Experiment

1 Plug the DIN connector cable into the sensor’s DIN plug and then
connect the cable into Analog Channel A onSceenceWorkshop
interface.

2.  StartDataStudioor ScienceWorkshoand open the file as follows:

DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
MO9 pH of Other Worlds.DS M09 pH Samples M09 PH.SWS

. Select ‘Open’ from the ‘File’ menu.
(1[0 Fdit Experiment Displa

. Go to the Experiment Library. Find the document labeled as shown e N
above. Double-click the document filename or select it and click QKE=EEE e

Close Window W

‘Open’. zaveA S
«  The file opens with a Digits display and a Table display. Data recor{ ...
is set for one measurement per second and will stop automatically { #ntactvebspiar. e

Print All Displays...

seconds. S ——

. The file opens with a Digits display and a Table display of pH. Data recording is set to stop

automatically at 30 seconds.
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[ ] Calibrate the pH Sensor

1. Set up the equipment to calibrate the pH Sensor. To calibrate
the pH Sensor you will need the following: wash bottle,
distilled water, three beakers, buffer solutions of high pH
(e.g. pH 10) and low pH (e.g. pH 4), pH Sensor.

2 Put 100 mL of the high pH buffer solution in one beaker. Put
100 mL of the low pH buffer solution into a second beaker.|
Put 100 mL of distilled water into the third beaker. Put ‘
distilled water into the wash bottle.

3.  Connect the pH electrode to the BNC port on the pH
Sensor.

. Line up the connector on the end of the cable with the pin
on the BNC port.

. Push the connector onto the port and then twist the
connector clockwise about one-quarter turn until it clicks Qﬁlﬁ
into place. 2

4.  Remove the pH electrode from its bottle of buffer
solution. Make sure the pH electrode is connected to the sensor.

5 Use the wash bottle to rinse the end of the electrode. Soak the pH electrode in the beaker of
distilled water for 10 minutes.

(]
"
—
]

6. Inthe Experiment Setup window, double-click the pH Sensor icon.
H——rgerimentsctip——0g| [[I—————— B04 Role o Buffers ————&~
|ﬁ/ Sensors ||7. fptions ||® Timers H I Lagging |HOCIemF =]
Science ¥Workshop 500
&Sensurs - Data
PH pHsensor
n Photogate
Ephutugale&h |

e 2 B W E LD

B = pH
:I%;PWWAWDM‘E pH Sensor Digits Meter Seope FFT Table Graph
Lul% Pressure Sanse) o i o (st
]
. . . . . . . .
. In DataStudiq the Sensor Properties window will open. Click the ‘Calibration’ tab. In
ScienceWorkshophe Sensor Setup window opens.
=—————— SensorPropertiess=————H
Genersl | Calibration l[ Measuraments } A A pH H Sensor
Current Reading % High Point Low Paint P
e voltege voliege Calibrated Calculations:
n.ooo | r4a00]| || 0.199] Measurement: Delta pH (dpH) [
Value, Walue, Walue,
oo 12 | 19] L
[_Take Reading_| [_Take Resding_| Calibration ]
Hame: Sensitivity Units: Uolts
High Ualue: [14.000 | [1.4000 | Read |
Range: Unit: Accuracy: L value: [1.000 0.1000 Read
100 140 PH 0.1 cowujue | 0034 | 00034 | (e ]
ur Dalue: -0.| -0. H -

7.  Calibrate with the high pH buffer solution. Put the end of the pH electrode into the high pH
buffer solution.
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8.  Check the voltage under ‘Current ReadingDataStudioor next to ‘Cur Value:’ in
ScienceWorkshop

9.  When the voltage stabilizes, click the ‘Take Reading’ button under ‘High Point’ in
DataStudioor the ‘Read’ button in the row for ‘High Value:’ 8cienceWorkshop

10. Enter the pH value of the buffer solution.
11. Thoroughly rinse the pH electrode with distilled water and dry it with a tissue.

12. Calibrate with the low pH buffer solution. Put the end of the pH electrode in the low pH
buffer solution.

13. Check the voltage under ‘Current ReadingdDataStudioor next to ‘Cur Value:’ in
ScienceWorkshopWhen the voltage stabilizes, click the ‘Take Reading’ button under
‘Low Point’ in DataStudioor the ‘Read’ button in the row for ‘Low Value:’ in
ScienceWorkshop

14. Enter the pH value of the buffer solution. Click OK to return to the Experiment Setup
window.

15 Thoroughly rinse the pH electrode with distilled water and dry gently.

[ ] C. Do the Experiment

1.  Click ‘Start’ in DataStudioor ‘REC’ in ScienceWorkshop to begin recording data.
. The Digits display shows the pH value for the first chemical.

2.  After data recording stops, remove the pH Electrode from the sample. Hold the pH
Electrode over an empty beaker. Use the wash bottle with distilled water to thoroughly
rinse off the pH Electrode.

. Dispose of the first substance as instructed. |

. In general, it will be safe to dispose of these substances by pouring them down the sink
with lots of water.

3. Repeat the process.

[ ] D. Analyze the Data

1. Use the Table display to examine the pH value of each substance. Determine whether each
substance is acid, base, or neutral.

. Remember, a substance with a low pH value is an acid. A substance with a high pH|value
is a base. A substance with a pH value close to 7 is neutral.

2.  Record your conclusions and answer the questions in the Report.
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Technical Manual — Activity M10: Test for Life — Measure a Chemical Reaction

This part of the Technical Manual (Appendix B) gives information about how |— I

use a Pressure Sensor and the Table and Graph displays to determine whett

unknown soil sample is likely to contain organic material that has the catalas( .= |
enzyme. : -

NOTE: See the Technical Manual #ctivity MO6 - Design Landing Bagder information about
the sensor.

[ ]
1.

2.

A. Set Up the Equipment

The glycerin lubricates the tubing so it can slip onto the barb end of the quick-release
connector for the sensor and the other connector for the rubber stopper.

When you add the mL of 3% hydrogen peroxide and the 75 mL of water to a 100 mL
graduated cylinder, swirl the cylinder to mix the two liquids.

One team member could handle the rubber stopper while another team member handles the
computer.

Be ready to put the rubber stopper into the neck of the flask after you add the first soil
sample to be tested.

B. Set Up the Experiment

Connect the Pressure Sensor’s DIN plug into Analog Channel A on the
interface.

StartDataStudioor ScienceWorkshoand open the file as follows: X
DataStudio ScienceWorkshop (Mac) ScienceWorkshop (Win)
M10 Test for Life.DS M10 Test for Life M10 LIFE.SWS

Select ‘Open’ from the ‘File’ menu. e

Open... RO

Go to the Experiment Library. Find the document labeled as Shown| aose window
above. Double-click the document filename or select it and click OK ves...
‘Open’.
Page Setup...
C. Do the Experiment Print Al Displays..
Click ‘Start’ or ‘REC’ to begin recording data.
The Digits display will show normal atmospheric pressure, about 101 kilopascals.

Add the first soil sample to the flask with the dilute hydrogen peroxide and quickly put the
rubber stopper into the neck of the flask. Push the stopper in firmly.

Swirl the flask to thoroughly mix the soil sample into the solution.
If this soil sample reacts with the hydrogen peroxide, the pressure should rise.
You may need to hold the stopper in place.

If the stopper pops off or comes loose so the gas inside escapes, that's okay. Just click the
STOP button to stop recording data. Data recording stops automatically at 120 seconds.

Be sure to remove the rubber stopglewlyto relieve any pressure. Empty the flask and
rinse it with water. Dispose of the soil sample and hydrogen peroxide as instructed.

Repeat the process for any other soil sample you have.
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D. Analyze the Data

Examine the Table display and the Graph display. Determine whether either soil sample
had organic material that contained the catalase enzyme.

The soil sample that had the greatest change in prgasbablycontains organic material
with the catalase enzyme.

Use the built-in statistics for either the Graph or the Table to find the minimum, maximum,
and mean values of pressure. Use the minimum and maximum values to calculate the
change in pressure.

Record your conclusions and answer the questions in the Report.
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Data Logging — Installing Batteries

This part of Appendix C gives information about how to install batteries inj =" """
the battery compartment of t&eienceWorkshop00 Interface. I T b
Use four “AA” alkaline batteries. T—
If you arereplacingbatteries, use a small, flat-blade screwdriver. L | —
Installing Batteries in the  Science Workshop 500
Interfacej (Srtemoe Workshop~——— 4
The ScienceWorksho00 Interface uses four AA
alkaline batteries. The battery compartment is on the
bottomof the interface box.
To install the batteries, follow this procedure: LOG button (i Lpy g diode
1. Place the interface box top down on a smooth Battery compartment
horizontal surface so you can open the batteyy
compartment. o o
Sl
o . @
2. Put your thumb on the small striped
rectangle at the edge of the battery e e
compartment lid. Apply gentle pressufe
downward with your thumb and slide =
the battery compartment lid toward the .
back of the interface. Slide the battery
compartment lid
o [ | o toward the back of
the interface box.
v
. The battery compartment has “plus” and
“minus” signs next to small metal clips on either ® o
side of the compartment. These signs show
which way each battery must be put into the I I
compartment. e Battery
|1 + compartment
|+ L
@ | ] @
[l
=
Battery
compartment
lid
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3. Install the batteries one at a time. Be sur,

each battery is in place and makes goofl| |® o

contact with the small metal clips at eagh

end. Install four (4)
— - AA alkaline
|NOTE: The batteries fit into the compartment tightly. | batteries.

4.  Line up the battery compartment lid with| (@ |
the edges of the battery compartment anw
slide the lid back over the compartment
The small piece of plastic at the front
edge of the lid should snap into place. Slide the battery

compartment lid back
onto the interface box.

Check the batteries by sliding the power switch on the back panel to ON. The light-emitting
diode (LED) on the front panel should light up. If not, open the battery compartment and re-
install the batteries.

Replacing Batteries

5.  Toreplacebatteries, remove the battery compartment lid. Use a small, flat-blade
screwdriver as a lever to pry out the old batteries one-at-a-time. Put in new batteries as
described above.
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Data Logging — Disconnect for Logging

This part of Appendix C gives information about how to disconnect the F——""""]
ScienceWorkshop0O Interface for data logging. | e
=L -
Disconnect for Data Logging ‘f‘-'-" -
There are a few simple steps to follow after you set up your experlment 3 g I
you are ready to disconnect the interface. T —— :

Before you disconnect the interface, save your experiment file asiegor Save As...
from theFile menu.

Prepare th&cienceWorkshopterface for data logging.

Make sure that there are four AA alkaline batteries in the interface battery compartment.
Make sure that the POWER switch on the back panel of the interface is ON.

Set up the software for data logging.

In DataStudiq click the ‘Experiment’ menu in the menu bar and select ‘Disconnect for

= Logging...

Logging’ or click ‘Logging’ (| |) in the Setup window toolbar.

0 =——--————~FtxperimentSetup=———HH
:.:::’I-'i:t[l:?'tgata i:‘l |é}’ Sensors || '/. Options... || @ Timers... || > Loggikng___ |M0dem FPort
Stop Data 3. J Science Workshop 500 ]

Keep One Sample EK
Delete Last Data Run 98- é}”ﬁensnrs By Senzor Name %
(el AL O LIS ag Acceleration Sensar =
Connect to Interface...
Disconnect for Data Log _;ing HHg Barometer
Set Sampling Options... Il
+
New Empty Data Table... Q Charge Sensar
Add Display... =
:»«H Colorimeter
e =1 Colorimeter
(I}ﬁ‘ Conduetivitw Sen: n|T !—//;

Result In DataStudig a window opens reminding you that you can print an experiment
summary if you want. (If your computer is connected to a printer you can print an
experiment summary.)

\63 summary to take with you when data

It may be useful to print an experiment Interface is disconnected for data logoing.

\
’d

Y ou can reconnect by choosing Connect To
Interface on the Experiment menu, or

I

logging.

Would you like to print a summary of your clicking the Connect button in the Setup
experiment? Window toolbar.
| Cancel | | Ho ||| s ||

After you click ‘Yes’ or ‘No’, theDataStudiosoftware is ready for data logging.
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. In ScienceWorkshgplick the ‘Experiment’ menu and select ‘Disconnect for Logging...”".
Result The Data Logging Setup window opens. (If your computer is connected to a
printer you can print a checklist.) Click ‘Begin Logging’ when you are ready to begin data

logging.
@ Record %R
: The Science Workshop interface has been initialized
b AT el for data logging.
DD Pause *, It is recommended that you print the data logging
checklist for field reference.
[ step #.
Sampling Options... [ Print Checklist |
ConnectTo Interface

Disconnect For Logging... ¥ “Cancel Logging™ will prevent transition to data
Offset Adjust... logging mode.
Change Interface...

[sare) 5Select "Begin Logging” to complete logging setup. You

v Sn«? Setup Window may then disconnect your interface from your
computer.

Signal Generator Window

Cancel Logging ] H Begin Logging ]l

| Notes Window

;| Calculator Window

. The interface goes into “sleep” mode. The green light-emitting diode (LED) on the frpnt
panel of the interface will go out, and then will blink once every five seconds.

3.  Disconnect the interface from the computer. Unplug the power cord and the interface cable
from the back of the interface box. (It doesn’t matter which is unplugged first).

INTERFACE

“ PLUG FROM
POWER
SUPPLY

POWER SWITCH = ON

INTERFACE

4.  Carry the interface and equipment to the experiment site.
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Data Logging — Data Recording

This part of Appendix C gives information about data recording with — |
the ScienceWorkshapOO0 Interface when the interface is disconnectey R |
from the computer. | [ram—— I

Data Recording with the  ScienceWorkshop 500 Interface

The ScienceWorkshdpO0 Interface has several key features that are
important for data logging: -

» battery operation makes the interface portable

~Srience Worksirop~ —————— AMALOG CHANNELS

» ‘sleep’ mode lengthens battery life 500 merace

» front panel LOG button starts and stops remote data
measurement

+ light-emitting diode (LED) blinks to show which ‘mode’ | LOG button  Light-emitting diode
the interface is in (sleep, wake up, or record) (LED)

ASAFETY REMINDERS : Do not use the interface in conditions that might harm the interface.
» Do not put the interface into water or other liquids

» Do not put the interface into conditions of extreme temperatures or intense heat or cold

» Do not put the interface into a vacuum

» Do not put the interface into electric appliances such as a microwave or toaster oven

Overview 1. Set up the experiment

. ] E while connected to
Set up an experiment as you normally would using th the computer.
DataStudioor ScienceWorkshoprogram. : =

—

1%

Disconnect the interface from the computer and record 2, pisc;)nnecr éhe
i i i i interface an (o]
data with the interfacéSee the previous section.) E interface and g
. Leave the power switch ON. The front panel LED 'm=—= —_—
blinks once every five seconds while the interfag e%
is in ‘sleep’ mode and blinks rapidly while the

interface is recording data.

After you collect data, re-connect the interface to the 3. Re-connect the

; interface and download
gggi%l#]ttir to display and analyze the débae the next the data for analysis.

Pl

Go to the location where you want to make your measurements. Set up the interface, sensors,
equipment, etc., as needed for the activity.
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Record Data
. The front panel LED blinks once every five seconds while the interface is in ‘sleep’ mode.
1. Pressthe LOG button on the lower left corner of the front panel to “wake up” the interface.

. The interface takes ten seconds to wake up. The LED blinks once each second for ten
seconds. The ten second delay gives you time to get ready to record data.

. When the interface is fully “awake”, the LED will begin blinking rapidly (several blinks
each second).

|NOTE: Data recording begins when the LED begins blinking rapidly. |
2. While the LED is blinking rapidly, do the experiment or activity that you wish to record.

. The interface records data and stores it in its recording buffer. Data recording continues
until you press the LOG button to stop or the recording buffer is filled with data. When you
stop data logging, the interface returns to the power-saving “sleep” mode.

3.  Pressthe LOG button again to stop data recording.
. The LED will blink once every five seconds when the interface is in “sleep” mode.

Record More Data

To record another run of data, follow the same steps:
1. Press the LOG button to “wake up” the interface.
2.  Collect data while the LED is blinking rapidly.

3. Press and LOG button again to stop data recording and put the interface back into “sleep
mode.

Full Recording Buffer

When the interface’s data buffer is full, the interface will go into the “sleep” mode automatically
(the LED will blink once per five seconds). If you try to record more data and press the LOG
button, the LED willnot begin to blink rapidly. Instead it will slowly brighten and fade three
times. The interface will go back to the “sleep” mode (LED blinks once per five seconds).

. You can empty the recording buffer so you can record more data, or...

. You can re-connect the interface to the computer and download your data into the
computer.

| Follow this procedure to empty the data buffer: NOTE: ALL of your data will be cleared! |

1. Press and hold the LOG button for approximately 5 seconds. The LED will turn ON and
remain ON to show that the recording buffer is empty.

2. Release the LOG button to put the interface back into “sleep” mode.

Data Logging Mode Summary LED description

sleep blinks once every five seconds

wake up blinks once per second for ten seconds
data recording blinks rapidly

recording buffer is full slowly brighten and fade three times
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Data Logging — Reconnect to Download and Analyze Data

This part of Appendix C gives information about reconnecting the ———
ScienceWorkshaopOO0 Interface to the computer and downloading the f—
data that you recorded. ey
Reconnect for Data Download ——
After you have recorded your data, reconnect the interface to the i
computer.

¢ Plug the interface cable into the back panel of the interface box. Interface
r :"5 cable T

" Plug from

¢ Plug the power supply into the power outlet.

¢ It doesn’'t matter which you plug in first.

« Remember to leave the power switch ON.

¢ The interface is still in ‘sleep’ mode, so the LED blinks once every
five seconds.

1. If the software is already running, select ‘Connect to Interface’ from the ‘Experiment’
menu menu. NOTE: IDataStudig you can use the menu OR click the ‘Connect’ button in
the Setup window toolbar.

[Bxperiment| 0 =——————~bxperimentSstup=———M0H
Start Data *R O Record %R | &7 Sensors || ¥4 Options... || @ Timers... || Logging... || L Connect |
Monitor Data M k-

Stop Data . . J Science Workshop 500 ]

Keep One Sample %K [= Monitor el

Delete Last DataRun - o vasausor e et B | |

Pause £ — =l

[P (AL (D) AT {13 dcoeleration Sensor J

Connect to Interface.. D sto %

Disconnect for Data Loggthg e ’ ﬂHg Barometer

set Sampling Options... sampling Options... |+—l

New Empty Data Table... Connect To Interface | Q Charge Sensor

Add Display... Disconnect For Logging...* 3L - ..wﬂ....
W ER :ﬁﬂ:: Colorimeter b |
Change Interface... el I Colorimeter

» wéi% Setup Window (ﬂj Conductivity Sensor || 2

2 Signal Generator Window

| Notes Window

;| Calculator Window

. Result #1 The program will send a “wake up” message to the interface and then the
program will automaticallyetrievethe data stored in the interface recording buffer.

. Result #2 The LED will light up and stay ON.
. Result #3 The run(s) of data you collected will appear in the Data list.

2. If the software is not running, start the program. The program will automatically “wake
up” the interface and retrieve your data.

. Your run(s) of data will appear in the Data list in the Experiment Setup window and the
LED on the interface will light up and stay ON.
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