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Investigating the world about the cool new features of LabQuest 2 and the Connected Science System.
Biology
through Inquiry
Lab Book

“The LabQuest 2 is a completely different form factor and appears to have embraced many
of the features, operations, and shape we are used to with our other handheld devices.

It also appears that the fine folks at Vernier have not forgotten about the rest of our

10 | Software devices in that the LabQuest 2 can work with them as well through several connectivity
Updates options further changing the game. In fact, I’d go so far as to suggest that that very
and New feature, called the Connected Science System, is an excellent example of a “disruptive
LabQuest technology’ and will surely become an industry standard option for all other similar
VIS devices in the future””

Martin Horejsi, NSTA blog

11 | Graphical Read the full blog post at www.vernier.com/r121
Analysis for
iPad®

Joel Matykowski, a physics teacher at Century High School in Hillsboro, Oregon, beta-tested
LabQuest 2 with his students. Conducting a speed-of-sound experiment, the students were
able to view and analyze data using iPads. According to Matykowski, “My students loved
the way they could quickly collect and analyze data both in a group and on an individual

15 | Professional basis using LabQuest 2 and iPads.”

DS More information about LabQuest 2 can be found on pp. 8-9.

www.vernier.com/labquest2
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PHYSICS

New Equipment to Support
Advanced Physics with Vernier -
Beyond Mechanics Lab Book

The new Advanced Physics with Vernier - Beyond Mechanics book is
a follow-up volume to the first Advanced Physics with Vernier —
Mechanics book, which focused mainly on mechanics and dynamics.

Both books share a philosophy based on interactive engagement
with the instructor and other students. The activities are written
under the plan that the instructor will engage students in discussion
at critical junctures in planning, data collection, or analysis. In
addition, the activities assume that students have learned how to
perform common tasks such as linearizing a graph, and do not need
detailed instruction in how to do so.

Some experiments in the books required that we introduce new
equipment. An experiment about resistivity of materials makes use
of our Resistivity Rod Set (RRS), consisting of a variety of metal
rods of various metals and cross sections. Basic optics begins with
mirrors, so we now have a kit of concave and convex mirrors in our
Mirror Set (M-OEK).

The most ambitious piece is our new Diffraction Apparatus
(DAK). Consisting of a red laser, a collection of high-precision,
metal-on-glass slits, and a novel new combination linear position
and high-sensitivity light sensor, the apparatus lets your students
measure not only diffraction and interference fringe spacing, but
also model the quantitative intensity variation of the patterns.

The Diffraction Apparatus parts snap to the same track as used in
the Optics Expansion Kit and as found in the Vernier Dynamics
System. A variety of slits allow students to see how patterns
depend on slit width, number, and spacing. Since the intensity of
a diffraction pattern is much lower than other light sources, there
is a new high-sensitivity light sensor. In addition, the light sensor
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includes selectable entrance apertures, so that the sensor can
sample small portions of the diffraction pattern for enhanced
spatial resolution. The position sensor is based on a linear optical
encoder. With zero backlash, the system can measure the light
sensor position to better than 50 pm resolution.

An optional green laser is also available (GDL-DAK), which can be
used to study the effect of wavelength on patterns.

To give you a sense of what this system can do, we looked at two
different double-slit patterns, both taken with a red laser. The slit
width is the same in these two runs, so that the overall envelope
of the intensity pattern is unchanged. What's different is the slit
separation. In the lower graph, the slit separation is half that

of the upper graph, so that the fine pattern has half the spatial
frequency. In both cases, the vertical scale is set so that the smaller
features in the pattern can be examined.

Normally a fussy experiment to set up, this apparatus lets your
students do classic light-as-a-wave experiments quickly and easily.

Resistivity Rod Set, RRS, $45

Mirror Set, M-OEK, $59

Diffraction Apparatus, DAK, $549

Green Diffraction Laser, GDL-DAK, $250

Advanced Physics with Vernier — Beyond
Mechanics Lab Book, PHYS-ABM, $48
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How Do You Fill Your Class Time?
By John Gastineau, Ph.D.

My New Year's holiday thoughts were quickly brought back to
work and teaching, as on the radio | began to hear familiar names
and voices talking about how physics is taught. Joe Redish, David
Hestenes, and others spoke about how lectures are often not as
effective as we think—even if they are really good lectures. A
report on NPR's All Things Considered gave a good summary of
how the interactive teaching methods refined over the last two
decades of Physics Education Research have spread to more
institutions and into other disciplines. www.vernier.com/r122

The report was based on a longer American Radioworks series
“Don't Lecture Me.” Check it out if you want to give your
classroom game a fresh look. www.vernier.com/r123

Even engineering classes are losing the lecture structure, as reported
in the Washington Post recently. www.vernier.com/r124

What | found interesting about these reports as a whole was that

they are treated as national news. The education culture seems to
be changing, so that students (and parents) may soon be surprised
if class time is taken with traditional lectures.
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Polarizer/Analyzer Kit Experiments

We thought we’'d share some experiments you can do with the new
Vernier Polarizer/Analyzer Kit (PAK-OEK). This kit, which includes
three polarizer/analyzer units, expands the Optics Expansion Kit
(OEK) so your students can study linearly polarized light. The three
polarizer/analyzer units are the same in polarizing function, but
traditionally, the first one struck by the light is called the polarizer,
since it polarizes the beam. Subsequent polarizing filters are then
called analyzers, since they can be used to measure the polarization
of the beam.

We set up an experiment to measure how light intensity varies
with angle. With the OEK light source set with the LED fully
exposed, the polarizer was set to pass vertically polarized light.
A Vernier Rotary Motion Sensor (RMV-BTD) was attached to the
analyzer to measure orientation.

Using Logger Pro, we plotted transmitted light intensity vs. the
analyzer angle. The graph showed peaks every 0 and 180 degrees.
Malus’s law tells us that the function should be that of a cosine
squared function. That function (now one of Logger Pro’s curve
fits) fits the data well.
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The Polarizer/Analyzer Kit includes a third polarizing filter to study
more complex phenomena. Our favorite is this little conundrum:
Set the polarizer and analyzer to a 90 degree difference in angle
so that the light transmitted through the stack of two filters is at

a minimum. Now, insert the third polarizing sheet between the
polarizer and the analyzer, set to about 45 degrees from the
analyzer.

PHYSICS

A polarizing sheet works only by absorbing light of one polarization
and passing another. It is a filter, albeit a clever one. With the
addition of a third absorbing filter, the light transmitted by the
system increases. How can that be? We leave that as an exercise for
your students. Bonus points: predict the functional shape of the
transmitted light vs. angle graph for the middle polarizer.

Polarizer/Analyzer Kit, PAK-OEK, $68

Simple Machines
Using the Vernier Dynamics System

Submitted by: Tim Barricklow, Franklin County High School, IN

Students in Tim Barricklow’s class at Franklin County HS, Indiana,
learn important characteristics of simple machines through
hands-on investigations. Using a Vernier Dynamics System (VDS)
track, carts, strings, pulleys, and a Dual-Range Force Sensor
(DFS-BTA), students investigate inclined planes and pulleys. To
begin, students assemble the cart and track as an inclined plane.
With the addition of a Dual-Range Force Sensor and a pulley,
students can pull the cart up the ramp with a constant force.
Students then analyze this force in Logger Pro using the statistics
function. After repeating these measurements at various ramp
angles, students calculate the mechanical advantage and efficiency
of each configuration.

To investigate pulleys, students use the Dual-Range Force Sensor
to lift a mass via a pulley system attached vertically to a ring stand.
Students calculate the average force used to lift a mass with pulley
systems of varying numbers of pulleys. Again, students calculate
the mechanical advantage and efficiency of each configuration.

Challenge:

Finding the average force is a great way to simplify the concept
of mechanical work. However, if the force is not constant, it can
be difficult to examine this experimentally. Using the Vernier
Dynamics System track and cart with a Motion Detector and
Dual-Range Force Sensor, it is possible to sample the quantities of
force and displacement continuously. Students can then analyze
the data in Logger Pro by numerically integrating the force data
over the displacement to calculate the work.

“Watts Up” with Wired?

Wired magazine’s science blog Dot Physics recently used the
Watts Up Pro (WU-PRO) energy meter to measure two favorite
physics topics: coffee and electric motors.

In “Coffee Pot Physics,” author Rhett Allain looks at the power,
energy, and temperature involved in brewing everyone’s favorite
caffeine-laden beverage. www.vernier.com/r1225

In “Power and Electric Motors,” Allain starts by measuring the
energy used by his home fridge and dives into a great explanation
of why electric motors use more energy when they first start.
www.vernier.com/r1226
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PHYSICS & ENGINEERING

How Much Energy Does a
Dehumidifier Use?

Many homeowners in damp climates such as Oregon keep mold at
bay with an electronic dehumidifier. These tend to be large, loud
devices. We wondered just how much energy a dehumidifier uses?
To find out, a Watts Up Pro (WU-PRO) was used with a LabQuest
interface to collect real-time power consumption data. A Relative
Humidity Sensor was also connected to LabQuest to monitor the
relative humidity, which is the amount of water vapor in the air
compared to the maximum amount it can hold.
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Time series for humidity (left axis) and power consumed by a
dehumidifier (right axis)

The power data show that when the compressor is on, it draws a
whopping 470 watts. The fan also runs for several minutes after
the compressor shuts down, which is the middle level of energy
use near 200 watts. Note that even when the dehumidifier is
nominally off, it still draws about 3 watts. Because of the noise,
the dehumidifier was turned off at night, yielding the long,
low-energy spots in the graph. It is also interesting to note that
the relative humidity quickly climbs during these periods.

Bite Force: Komodo Dragon vs. House Cat

Is the bite from a cat really
stronger than the bite from a
Komodo dragon? The Komodo
dragon (Varanus komodoensis) is
a very large monitor lizard that
can grow up to 10 feet long and
can weigh more than 150 pounds.
It is a voracious predator that can
take down prey as large as a deer
or buffalo. Yet a group of researchers, including Stephen Wroe
from the University of South Wales, found that the world’s largest
living lizard has developed a unique system to take down prey
that does not rely on bite force. The researchers used Logger Pro
to measure the output voltage of a strain gauge system designed
to measure bite forces, and found that a cat does appear to have
a stronger bite than the Komodo dragon. For more information
about this interesting research, go to www.vernier.com/r127

©istockphoto.com/AYImages
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SpectroVis® Plus with LabVIEW

A new addition to our LabVIEW offerings is sample code for our
SpectroVis Plus (SVIS-PL, $459) spectrophotometer. The SpectroVis
Plus is an affordable CCD array spectrophotometer/fluorometer.
CCD array spectrophotometer technology allows you to collect a
full wavelength spectrum (absorbance, percent transmittance,

or intensity). You can program the spectrophotometer to detect
the peak wavelength. Once this is determined, you can create a
program to determine the concentration of a solution (Beer’s law)
or monitor the rate of a reaction. With its two different excitation
wavelengths, you can also program the SpectroVis Plus to measure
the fluorescence spectra of many compounds, such as chlorophyll,
fluorescein, GFP, and more.

We provide LabVIEW sample code for many of our devices. In
addition, we frequently post Software Development Kits (SDKs)
for programmers to collect sample data with their own custom
programs. We hope that providing these resources may lead to
exciting student projects, sensor control programs, custom analysis,
or STEM classroom use that integrates more depth into the
data-acquisition process.

To see a list of all devices currently supported by LabVIEW go to
www.vernier.com/r128

For more information on the SpectroVis Plus go to
www.vernier.com/r129

STEM Activity: Build a Sensor

A great STEM activity for your students is to have them build their
own sensor or measurement device. One example is to build a
strain gage to measure the tension and compression forces in a
cantilever beam. In this activity, two strain gages are glued to a
long metal bar, such that one is mounted on the top of the bar
and the other is mounted on the bottom. When a force is applied
to the end of the beam, it bends downward in proportion to the
force (Hooke's law). The top of the bar stretches as it is placed

in tension, while the bottom of the bar compresses. The top
strain gage is also stretched, and its resistance increases slightly
because the length of gage wire increases while the width of the
wire decreases. These effects are reversed for the bottom strain
gage, causing its resistance to decrease slightly. These changes in
resistance are small, but they can be measured accurately with the
proper circuit and a Vernier Instrumentation Amplifier (INA-BTA,
$59). A well-known circuit designed to convert small changes in
resistance to changes in voltage is a Wheatstone bridge circuit.

When performing an activity such as this, students gain insight
into design, construction, troubleshooting, and evaluation. They
learn to measure the output voltage and use Logger Pro calculated
columns to mathematically convert raw voltage to proper units.
They also learn an important lesson in what steps are required to
successfully complete a project and work within a team.

We have developed several activities designed to help you
incorporate STEM into your curriculum. To see a copy of this sensor
activity, as well as others, go to www.vernier.com/r1210
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An Alternative to the Standard
Acid-Base Titration

Just when you think that every possible variation of acid-base
titrations has been explored and documented, along comes one
more—and this one is really interesting. Larry Dukerich (Arizona
State University) and Guy Ashkenazi (The Israel Center for
Excellence through Education) constructed a custom Logger Pro 3
experiment file so that an acid-base titration would plot the
hydronium H;0* ion concentration vs. the volume of OH™ ions
added to the reaction mixture. According to their article, displaying
the titration data in this form allows the student to “determine the
concentration of an unknown base by focusing attention on the
point at which the [H;0*] appears to reach zero.” As part of the
data analysis, Dukerich suggests that the student zoom in on the
area of the plot near the equivalence point to observe that the
hydronium ion concentration indeed is never exactly 0.00 M.
Examining the data in this way, Dukerich asserts, opens the
students’ eyes to a clearer view of an acid-base titration.

See the complete discussion, along with sample data, at
www.vernier.com/r1211
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CHEMISTRY

Innovative Use for the New
Chemical Polarimeter
Identifying Sugars in Everyday Beverages

By Melissa Hill, Ph.D.

The Chemical Polarimeter is our newest instrument for college
and advanced high school chemistry. It detects changes in rotation
of plane-polarized light in the presence of an optically active
compound. The Polarimeter uses a light sensor and a bidirectional
optical encoder to detect the quantity of light passing through the
sample at each angle as the analyzer is manually rotated. A graph
is produced that shows a clear change in the light’s polarization
with respect to angle. This allows the user to determine various
characteristics, including the identity of the specific chemical
compound being investigated. We have written several experiments
for the Polarimeter, some of which can be found in our new lab
book Organic Chemistry with Vernier. Others are available as free
downloads at www.vernier.com/chem-pol. The following activity is
a fun way to help students understand stereochemistry using our
new Polarimeter.

In this activity, students use the Polarimeter to identify which
sugars everyday beverages have in common. First, it is necessary to
concentrate the beverages. They are initially too dilute to see any
differences in sugar content. One way to concentrate the solution is
to dry 50 mL of each beverage over 10 g of Na,SO, (or similar drying
agent). If you want a quantitative comparison between beverages,
you should use the same volume of solution and mass of drying
agent. You should also dry each solution for the same amount of
time. Once the solutions are concentrated, it is possible to see the
difference between diet soda that contains aspartame (o = +15°)
and regular soda that contains fructose (o = -92°). You will also be
able to tell if there is a difference between “natural” sodas that
may contain glucose (o = +53°) or sucrose (a = +66°) as the primary
sugar and a generic soda that will contain fructose. For college
students, this can be extended to beer and wine to explore the
percentage of sugar in each beverage. Clear liquids work best for
these experiments, however, colored liquids can also be used. For
instructions on using the Polarimeter, see the user manual located
at www.vernier.com/chem-pol

Chemical Polarimeter, CHEM-POL, $499

Bluminabion {rel)

Standard graph of pH during acid-base titration

Comparison of sugar in different sodas using the Polarimeter
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CHEMISTRY & BIOLOGY

NEW! Investigating Biology through

Inquiry Lab Book

We are happy to announce that our new inquiry-based biology
book, Investigating Biology through Inquiry, is now available. This
book contains 22 activities that will help you integrate inquiry into
your existing biology curriculum, whether you teach high school,
AP” Biology, IB™* Biology, or biology at the college level.

Each investigation includes a preliminary activity, teacher
information, sample researchable questions, and lots of sample data.
Investigations are correlated to AP and IB standards and are designed
to meet the recommendations of the AAAS “Vision and Change in
Biology Undergraduate Education.” Investigations include:

e Investigating Buffers

e Diffusion

e Investigating Osmosis

¢ Chemistry of Membranes

¢ Investigating Protein: The
Bradford Assay

e Testing Catalase Activity (O,)

¢ Testing Catalase Activity (Gas
Pressure)

¢ Introduction to Biofuels:
Enzyme Action

¢ Analysis of Enzymes Using
Tyrosinase

e Cellular Respiration

¢ Sugar Metabolism with Yeast

e Fermentation with Yeast

¢ Photosynthesis by Chloroplasts

¢ Transpiration of Plants

¢ Plant Pigments

* Heart Rate

e Investigating Dissolved
Oxygen

¢ Investigating Primary
Productivity

e Modeling Population
Dynamics

e \Water Monitoring

¢ Evolution of Cellobiase in
Fungi

¢ Introduction to Molecular
Evolution

¢ Evolution of Yeast: Artificial
Selection

If you are new to inquiry-based instruction, the extensive teacher
sections will help guide you. In addition, this book also includes a
primer on basic statistical tests and experimental design.

Investigating Biology through Inquiry, BIO-|, $48

Banana
Source of Enzyms

Enzyme Activity from Different Sources

]

Swest Potain

Tyrosinase activity from potatoes, bananas, and sweet potatoes

* AP and Advanced Placement Program are registered trademarks of the College Entrance
Examination Board, which was not involved in the production of and does not endorse this product.
** The IB Diploma Program is an official program of the International Baccalaureate Organization (IBO)
which authorizes schools to offer it. The material available here has been developed independently

of the IBO and is not endorsed by it.
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Praise for “Analysis of Enzymes Using Tyrosinase”
from Investigating Biology through Inquiry

“ After a literature search, many
[students] wanted to investigate
the action of tyrosinase from other
sources and compare it to the
potatoes, so they did extractions
from apples, pears, bananas and
even sweet potatoes. It proved to
be a great inquiry lab.”"

Barb Burkhardt, University of
Indianapolis, Indianapolis, IN

Boiling as a Cooling Effect

Jon Asbornsen of the Hawken School (Gates Mills, OH) shared his
work on a novel twist to a time-honored demonstration of boiling
points that uses LabQuest, a Gas Pressure Sensor, and a Temperature
Probe. In the demonstration, a small volume of water is placed in a
bell jar. As the air in the jar is evacuated, the water boils. Asbornsen
measured the pressure and temperature inside the bell jar. The
graphs of his data tell the story more convincingly than mere
observation of the phenomenon. Asbornsen’s article can be read
at www.vernier.com/r1212
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Pressure and temperature as a two-stage pump evacuates a bell jar

BIOLOGY JOB OPENING

Vernier's Biology Department is about to grow! If you want to
be part of the future of biology at Vernier, consider applying
for our Biology Educational Technology Specialist position.
We're looking for someone who is currently teaching or has
recently taught high school biology and/or AP Biology using
Vernier probeware. If you want to move to the northwest
and be part of one of the “100 Best Companies to Work for
in Oregon” (for 13 years in a row), consider applying today.
We'd love to have you join our team. Application deadline is
April 30, 2012. Visit www.vernier.com/jobs for details.


http://www.vernier.com/jobs
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Investigate Your Sense of Balance
Using a Force Plate

The sense of balance is complex since it combines sensory input
from the eyes, inner ear, and stretch receptors located in the
tendons and muscles. In the classroom, you can demonstrate that
visual input is important for balance. Try balancing on one foot
with your eyes open, and then try it again with your eyes closed.
You will find that balancing on one foot with your eyes closed is
much more difficult than doing this with your eyes open.

John Melville, our Biology Staff Scientist, has developed a simple
and innovative way to quantify this difference in balance using

a Force Plate (FP-BTA, $215). Just have a student balance on the
Force Plate using one foot with their eyes open. When the student
is ready, collect data for ten seconds. As the student shifts back
and forth to maintain his or her balance, the force on the Force
Plate will increase and decrease. The same test is then repeated
while the student has his or her eyes closed.

Students analyze their results by determining how much the

force profile shifts back and forth during each balance test. The
simplest way to do this is to find the standard deviation of the
force profile during each test. The standard deviation tells us how
far away a measurement is from the mean or average. In this case,
the standard deviation of the force is a measure of how hard or
easy it is for the student to balance. You can quickly determine the
standard deviation of the force for each run using the Statistics tool
in Logger Pro. If you are using a LabQuest, choose the Statistics
option from the Analyze menu.

In the sample data below, the standard deviation of force when
the student is balancing with his or her eyes open is +4.905 N.
When the student’s eyes are closed, the standard deviation of
force during the balance test is £22.45 N.

This is a great activity that lends itself to inquiry. Students can
easily compare the balance of males and females, athletes and
non-athletes, or dancers and non-dancers, among others.

For questions about this or other physiology activities, contact us
at physiology@vernier.com

Balance Data

i
Snmmta et [ o s | P
o WL o T P00 vt 92
e B} T i 3
ikl s 8 B s 341

Blwinexn b Eyen Cowd | P
X e 100 38
B e 591 7

BOD 2 dme T AL e 33

o 2 4 B B 10
Tiireus (%]

Comparison of balance data with eyes open and closed

BIOLOGY

NEW! Activities for Teaching
Evolution with Vernier

Now that evolution is one of the Big Ideas in the new AP Biology
curriculum, many teachers have been asking how our sensors can
be used to teach concepts in evolution. With this in mind, our
Biology Staff Scientist, John Melville, developed several innovative
ways to investigate evolution using Vernier products. All of these
investigations can be found in our new Investigating Biology
through Inquiry lab book.

One simple and exciting activity is the “Evolution of Yeast: Artificial
Selection Investigation.” Darwin’s theory of natural selection was
influenced by his observation that farmers select plants and animals
that have specific traits for breeding. This process is referred to as
artificial selection. For thousands of years, humans have selected
plants and animals for different traits, such as hardiness, drought
tolerance, and productivity. After multiple generations of selective
breeding, a strain or breed is established.

The yeast Saccharomyces is an excellent example of artificial
selection. Different strains of yeast are used to make beer, bread,
and wine. As a result, brewers and bakers have used artificial
selection to select specific strains of yeast for each purpose.
Students start by measuring the respiration rate of baker’s yeast
using a CO, Gas Sensor (CO2-BTA, $249) and then design their own
experiment. One researchable question students can investigate

is, “What is the effect of ethanol on different yeast strains?” As
shown in the sample data below, beer and wine yeast have a
higher ethanol tolerance than baker’s yeast.

For questions about this and other biology investigations, contact
biology@vernier.com

Ethanol Tolerance of Three Different Yeast Strains

[} L] 10 18 20 28
Ethangd Concenbration (%)

Ethanol tolerance of lager, wine, and baker’s yeast

A SPECIAL OFFER

From Bio-Rad Laboratories to Vernier Customers:

Receive 10% off on all Bio-Rad kits aligned with Investigating
Biology through Inquiry or Advanced Biology with Vernier. For
more information, go to www.vernier.com/r1213
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-\, LABQUEST 2

Vernier LabQuest 2 is a standalone interface used to collect sensor data with its built-in graphing
and analysis application. The large, high-resolution touch screen makes it easy and intuitive

to collect, analyze, and share data from experiments. Its wireless connectivity encourages
collaboration and personalized learning. You can also use LabQuest 2 as a computer interface
using Logger Pro software for advanced analysis and video features.

Full sensor support Faster analysis
Compatible with all Quick response to touch,
Vernier sensors curve fits, and modeling

=/ LABQUEST
High-resolution touch screen

¥, /78 File Graph Analyze ]
® 12.8 cm, 800 x 480 pixel resolution ﬂ[ ‘ P

¢ Designed for both stylus and touch
¢ Wide viewing angle for lab groups

Built-in sensors
* GPS

¢ 3-axis accelerometer
¢ Ambient temperature
e Light

* Microphone
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Time {min)
Fast data collection
100,000 samples per second

1

Rechargeable batteries Wireless Connectivity
High capacity, lithium-ion
rechargeable battery

Key New for
Features LabQuest 2
e Standalone and computer e Collect, analyze, and share
interface with a touch screen sensor data wirelessly on any
o Compatible with all Vernier device with a compatible
sensors web browser
e Fast data collection * Larger and higher resolution Die Mechyer
¢ Rechargeable, high-capacity S portrait and R
battery landscape orientations
« Compatible with Windows and ¢ Additional built-in sensors such
Macintosh computers as GPS and accelerometers ) www.vernier.com/r1214
e Free software updates * Faster processor for fast anaIySIS Take the LabQUest 2 product tour and

and graphing

watch a video demonstration.
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LABQUEST 2 SOFTWARE
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0.90 — Multiple runs can
Quick "'l:' e A easily be stored
uic &
access to 5 Position and recalled later.
graphs, ‘B ©0.322 m
tables,
and meters & Live display
0.20 of sensor data
3.0
- Curve fits and Velocity =
other analysis @-0.010 5
One or ——-h'E"‘ tools available w ; isti
two high- = Curvg fit statistics
resolution | — p—&—&—&— are displayed.
plots of :3' P
data are 2.0 -
displayed =
in real TI!TIE {S} I_r_, 3.0 ©0.00 s
time.
Built-In Software
ANALYSIS FEATURES BUILT-IN APPLICATIONS OTHER GREAT FEATURES
¢ Perform linear and e Draw a prediction ¢ Stopwatch ¢ Export data to ¢ Voice annotation
curve fits before collecting ¢ Periodic table Logger Pro with internal
¢ Landscape and data e Scientific calculator * More than 100 microphone
portrait views ¢ Display two graphs ¢ Audio function preloaded lab e Find slopes, fit a line
¢ Supports built- at once generator instructions from to a portion of your
in sensors—GPS, e Display a tangent ¢ Power amplifier Vernier's popular data, and display
microphone, relative line on the graph (requires Vernier lab books position data and
light sensors, ¢ Integral function Power Amplifier) ¢ Notes field its derivatives
accelerometers o Statistics
Meter
One-Touch : .
. . . #i File Sensors =T e
Slmp|ICIty CH 1: Flow Rate Moda:

The LabQuest Graphing and

Analysis Application gives your Data Table

students real-time graphing Hil'_"_gﬂg Fila Table

capabilities in a handheld Data Sat

device. It's powerful—yet Site (#) |Flow (m/s) DO (mg/L) Temp (*C)
beautifully simple. e e e Y

Your students can collect data
and view them in a Data Table,
Meter, or Graph View.

2 0.
3 0.
4 0.
5 0.
L] a.
7 0.
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SOFTWARE

Introducing LabQuest Viewer™
Part of the Connected Science System™

-
e
et |

i

LabQuest Viewer (LQ-VIEW, $49) is our new Mac and PC computer
software that allows you to display and control a LabQuest right
from your computer. (LabQuest units sold separately.) When your
computer is connected to a projector or interactive whiteboard, you
can use LabQuest Viewer to show a LabQuest screen to the entire
class. This is a great way to teach students how to use a LabQuest
or to allow students to present their data to the class. LabQuest
Viewer also allows easy capture of screen images, making it easy to
create step-by-step lab instructions and assessment questions.

LabQuest Viewer software communicates with LabQuest through
a wireless connection. This means that you can view any LabQuest
connected to the network right on your teacher computer. Use this
feature to monitor student progress and share student results in
real time. Wireless connectivity is built into LabQuest 2 and can
be added to an original LabQuest using a Wi-Fi USB adapter (sold
separately, WIFI-USB, $59). LabQuest 2 also supports a connection
via USB for use when wireless connectivity is not an option. Note:
The USB option is not available when using the original LabQuest.
If this option is required, you will need to use the LabQuest
Emulator software.

Key Features

¢ View and control LabQuest from a computer or interactive
whiteboard.

e Collect data with any sensor that is supported by LabQuest.

e Copy an image of the LabQuest screen for use in lab instructions
and assessment documents.

¢ Monitor student progress by viewing any LabQuest unit
connected to your network.

¢ Launch more than one instance of the viewer to monitor
multiple LabQuest units.

LabQuest Viewer is covered by our generous site license policy:
Purchase one copy of LabQuest Viewer software, and install it on
any computer in your school or college department. Additionally,
future upgrades of the software are free. The LabQuest Viewer
software is compatible with Macintosh® OS X® 10.5 (Intel-based
Macs only), 10.6, and 10.7 and Windows® XP (32-bit only), Vista®,
and Windows 7. For more information, visit www.vernier.com/r1215

LabQuest Viewer LabQuest Emulator
Supported computer platforms Mac and PC PC only
LabQuest 2 Original
Lelbiolest ciz ol Original LabQuest* LabQuest only
- Wireless
Communication USB (LabQuest 2 only) USB
Use with computer and
interactive whiteboards U U
View multiple Lal?Quests at the Yes No
same time
Supports USB sensors Yes No
(e.g., spectrometers)
Supports all built-in sensors Yes No
Cost (includes site license and
free upgrades when available) $49 HES

* Requires Wi-Fi USB adapter, sold separately
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Software Updates

Have you updated your Vernier applications recently?
We regularly release updates to support new devices and
to add new features. Keeping up to date with software
releases is one way to keep things running smoothly in
your classroom or lab.

LOGGER PRO 3.8.5 - Logger Pro 3.8.5 was released
in April 2012. This update is free to all users of any
previous version of Logger Pro 3, and is available at
www.vernier.com/r1216

Version 3.8.5 primarily adds support for LabQuest 2, and
it is required if you will be using the new interface. It also
adds support for the Diffraction Apparatus and Projectile
Launcher. Previous recent releases have added Data Marks
and Data Tags, allowing you to attach notes to particular
data points. Data Marks were developed to support

the Melt Station. New curve fits support the Chemical
Polarimeter, and Video Analysis acquired several new
features, including the ability to automatically skip frames
and to calculate the center of mass for multiple objects.

LABQUEST 1.6 - LabQuest 1.6 for the original LabQuest
was released in January, 2012. Version 1.6 adds support

for the Chemical Polarimeter, Diffraction Apparatus, and
Projectile Launcher. Previous recent releases added Data
Marks and Data Tags, as well as the Data Matrix. LabQuest
now supports the WDSS with the addition of a Bluetooth®
radio dongle. LabQuest also supports LabQuest Viewer with
the addition of a Wi-Fi radio dongle. This free update is
available at www.vernier.com/r1217

LOGGER LITE 1.6 - Logger Lite 1.6 was released in
March 2012 to support LabQuest 2. The previous release of
Logger Lite added support for LabQuest Mini and Windows 7
(including 64-bit machines), as well as linear fits. The free
update is available at www.vernier.com/r1218

VIDEO PHYSICS FOR iOS - The current version of
Video Physics is 1.1.3, released in March, 2011. Updates to
Video Physics are always free and are available in the Apple
App Store.
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Vernier Supports Mobile Technology

Teachers using Android’’ i0OS® and other
mobile-platform devices now have solutions
for data collection

WHAT DOES VERNIER HAVE FOR iPad®?
Graphical Analysis™ for iPad

TN Graphical Analysis allows every student in a lab group to
‘“.>%]  connect to a shared LabQuest 2 and get their own copy

Q

of the experimental data, live over a wireless connection.

This makes it the perfect app for a one-to-one iPad program in a
science classroom. Instead of having an experiment tied to a single
device, students can now collaborate with individual accountability.
With Graphical Analysis, students perform curve fits and other data
analysis functions made popular by Logger Pro and LabQuest. The
advanced multi-touch interface makes these features easier to use
than ever, in a simple, yet powerful, environment. The app also
introduces new features, such as the ability to create multiple data
selections with annotations and graph captions. Students' projects
are automatically saved for offline viewing, allowing them to take
the data home and complete a lab report. Graphical Analysis also
integrates with other iPad apps for education: send your data to
Numbers® or open your graphs in Pages®, Evernote®, iBooks®, or
many other notebook and writing apps. Graphical Analysis is the
ultimate app for utilizing Vernier sensors to carry out hands-on
experiments with the added student-centric power of iPad. For
more information, go to www.vernier.com/r1219

Video Physics

Launched last year, Video Physics quickly became one
of the most popular tools for learning physics on iPad,
iPhone, and iPod touch®. This app is the easiest way for
students to capture video of moving objects in the field. Students
can quickly track and analyze the motion of objects, and produce
graphs of position and velocity in both the horizontal and vertical
dimensions. What's more, Video Physics allows users to quickly
export the movie and data file to Logger Pro for further analysis.
For more information, go to www.vernier.com/r1220

ARE YOU PURCHASING iOS APPS
FOR SCHOOLS?

Purchasing apps for iOS devices can be a challenge for
schools. Did you know that your school or department
can purchase vouchers to distribute apps such as Vernier
Video Physics to multiple devices?

This is a way to distribute iOS apps to both school-owned
and student devices. You can use purchase orders or credit
card, and school purchases are tax-exempt. You receive

a 50% discount when purchasing 20 or more copies of
Vernier Video Physics or Vernier Graphical Analysis.

www.apple.com/itunes/education/

SOFTWARE

SHARE DATA WITH MULTIPLE DEVICES

Vernier Data Share™ the technology behind Graphical Analysis for
iPad, also supports connection through a web browser. This means
that you can perform data analysis with Android-powered phones
and tablets, Chromebooks, netbooks, laptops, and many other
devices. More than just a viewer, Data Share includes a full-featured
web app with tools for data analysis and annotation. Students get a
live view of the data during collection, and the data is then stored
as their own copy that they can access and analyze offline or take
home. Data Share web app provides many of the ground-breaking
features found in Graphical Analysis for iPad. Students can apply
curve fits to multiple selections, as well as annotate data and add
graph captions. Data Share web app is the most flexible student-
centric data analysis tool ever, supporting many devices at once,
many sensors at a time, and any device with a compatible web
browser. It's perfect for hands-on science with a Bring-Your-Own-
Device model or for any classroom with a mix of student devices.
For more information, go to www.vernier.com/r1221
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AWARDS

Science Teachers Win
Vernier/NSTA Technology Award

$3,000 in Technology and Cash Awarded for
Innovative Uses of Vernier Technology

Congratulations to the 2012 Vernier/NSTA Technology
Award winners!

ELEMENTARY (GRADES K-5)

Zoe Ann Jorgensen, A.H. Bush Elementary
Magnet School, Idaho Falls, ID

When the Idaho National Laboratory needed a
year of wind speed data to establish the viability
of a small wind turbine installation, elementary
teacher Jorgensen used the opportunity

to have students conduct a real-world science
investigation. Vernier technology was used to
collect data that was presented to the school
board and the Idaho National Laboratory.

MIDDLE SCHOOL (GRADES 6-8)

Shannon Hudson, Tuttle Middle School,
Crawfordsville, IN

Hudson used the vast history of her school’s

soil to conduct interdisciplinary experiments.
Her school sits on a hill that was once a tropical
ocean, a deciduous forest, and crop fields.
Students used Vernier equipment to conduct
various soil experiments over a period of months
and compared data to explain their results.

Christopher Widmaier, World of Inquiry School,
Rochester, NY

Widmaier’s students use probeware to complete
an investigation of varying light levels in
different environments. They will use this data
to help understand the influence of ultraviolet
light on living organisms and human skin color.

HIGH SCHOOL (GRADES 9-12)

Jacqueline Bondell, North Carolina School of
Science and Mathematics, Durham, NC

Ershela Sims, North Carolina School of Science
and Mathematics, Durham, NC

Bondell and Sim’s physics and robotics classes
teamed together and designed a walking robot.
The successful program is being adapted into

a teacher workshop as a model of an applied
STEM activity for other classes.
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Sharla Dowding, Ed.D, Newcastle High School,
Newcastle, WY

Encouraging her students to think inquisitively
about what they eat, Dowding has her students
use Vernier technology to conduct investigations
such as finding the food coloring concentration in
Fruit Loops, the concentration of color in Kool-Aid
solutions, and the amount of sugar in soda.

John L. Gensic, New Prairie High School,
New Carlisle, IN

Gensic's students conducted experiments on

well water feared to be contaminated by

septic systems and over-fertilized farm land.
Understanding well-water quality helps these
students understand their surrounding'’s resources.

COLLEGE

Venkatesh Gopal, Elmhurst College, Eimhurst, IL

Gopal’s project is to build an audio-frequency
working model of a phased-array radar as a
striking demonstration of time-reversal in optics
and acoustics. The project will be used in an
upper-level course on modern optics.

The Vernier/NSTA Technology Awards promote the innovative use
of data-collection technology using a computer, graphing calculator,
or other handheld in the science classroom. We encourage you to
apply for one of seven $3,000 awards.

To apply for 2013, see www.vernier.com/r1222

VERNIER AWARDS

Vernier is proud to
be recognized for
its philanthropic
commitment, steady
growth, and as one
of the Best 100
Companies to Work INTERNATIONAL FASTEST GROWING

For in Oregon—for AWARD PRIVATE
13 years in a row. FOR LABQUEST COMPANIES

2811 &>
FRETEST ERDILNE
PRINRTE 88

ZU

PLACED 25TH OF 100 2011 HEALTHIEST OREGON BUSINESS
BEST GREEN COMPANIES EMPLOYERS AWARD
IN OREGON 6TH PLACE

Logger Pro, LabQuest, LabPro, Vernier and caliper design, Go!, Logger Lite, Vernier EasyTemp, Vernier
EasyLink, and Vernier EasyData are our registered trademarks in the United States. Vernier Software &
Technology, vernier.com, and Graphical Analysis are our trademarks or trade dress. All other marks not
owned by us that appear herein are the property of their respective owners.

iPhone, iPad, and iPod touch are trademarks of Apple Inc., registered in the U.S. and other countries.
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Vernier in the Science Journals

Our products are often used in innovative experiments and
demonstrations described in journals. Here are some recent ones
from The Physics Teacher:

“Vibration Analysis and the Accelerometer,” The Physics Teacher,
November 2011 by Paul Hammer, East Catholic HS, Manchester, CT.
This article shows how to use our accelerometers and Logger Pro
to obtain useful information about vibrating objects, such as small
fans, motors, and pumps. The FFT feature of Logger Pro makes this
analysis relatively simple.

“Laboratory Activity: Specific Heat by Change in Internal Energy of
Silly Putty,” The Physics Teacher, December 2011, by John Koser,
University of St. Thomas, St. Paul, MN. In this article, the author
describes an experiment, designed for undergraduate liberal arts
majors, to show the conversion of mechanical energy to heat energy.
He uses our temperature sensor placed inside a blob of Silly Putty®

“Empowering Technology and POETRY Supporting Scientific
Inquiry: Investigating the Motion of a Rebounding Trolley,” by
Hildegard Urban-Woldron, University of Vienna (Austria), shows
how to use the TI-Nspire and one of our Motion Detectors to do
a very complete analysis of the bounces of low-friction carts. The
curve-fitting features of the TI-Nspire are nicely demonstrated.

25 years ago in

"CALIPER

25 Years Ago in The Caliper:

We discussed compatibility with the new Apple Il GS
computer and noted with great enthusiasm that The Physics
Teacher magazine had devoted their entire May 1987 issue to
“Computers in the Classroom.” Using computers in physics
teaching was catching on!

. J

SCIENCE HUMOR

This time we have two scientific bar jokes:

Some mathematicians go into a bar. The first orders a beer.
The second orders a half beer; the third a quarter of a beer.

The bartender slams down two beers and says, “Know
your limits.”

“We don't allow faster-than-light neutrinos in here,” says
the bartender.

A neutrino walks into a bar.

NEW! Real-World Math with Vernier
Lab Book

Real-World Math with Vernier is a
newly revised lab book containing
32 activities that connect real-world
applications with concepts such

as functions, statistics, systems of
equations, and others from algebra
through calculus. With the gaining
popularity of the TI-Nspire
technology in math, we adapted
the activities from the previous
Real-World Math books for use with
the TI-Nspire using our DataQuest
application for collecting sensor
data. The TI-Nspire versions of our
student activities make use of the many features unique to the
TI-Nspire, including movable lines, sliders, and calculated columns.

WITH VERNIER
CONNECTING MATH AND SCIENCE
-

e Use the Vernier Gas Pressure Sensor to show the linear
relationship between depth and pressure or to investigate
inverse relationships through pressure and volume.

¢ Model a walker’s motion using a piece-wise continuous function,
plot an ellipse with a swinging pendulum, or introduce your
students to statistics through analyzing height data collected
with a Vernier Motion Detector.

¢ Explore logistic functions as students locate the equivalence
point in a titration with the Vernier pH Sensor.

The Real-World Math with Vernier lab book includes teacher
information pages with tips and sample data, complete student
activities for the TI-Nspire in the printed manual, and a CD

of modifiable student versions in Microsoft® Word®. Student
instructions on the CD include TI-Nspire technology, EasyData,
DataMate, and Logger Pro versions.

For standard and textbook correlations, experiment previews, and
more, please visit www.vernier.com/r1223

Real World Math with Vernier, RWV, $48

Rick Sorensen is Retiring

Rick joined Vernier Software & Technology in
1994. We got to know him as a local physics
teacher. Rick has been a very valued friend and
colleague ever since. He has led our company’s
very important collaboration with Texas
Instruments, which included development of
CBL, CBL 2, LabPro, TI-Nspire Lab Cradle, and
many related products. He has been a key
player on our physics technical support/R&D
team, and he has been the driving force
behind most of our physics products, including our new Centripetal
Force Apparatus and Projectile Launcher. Rick has been a senior
partner at Vernier for over a dozen years. We will all miss him, and
we wish him a happy retirement.
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VERNIER AROUND THE WORLD

Vernier Equipment Used for Monitoring
South American Rain Forests

We recently received reports and photos of two great projects
involving water quality monitoring in South America.

Jack Sanford and some of his students from Derryfield School,
Manchester, NH, recently completed a trip to the rain forest of
Ecuador. They were documenting the populations of amphibians
and measuring some environmental parameters that affect them:
pH, temperature, and conductivity. They used our sensors and
LabQuest for the field work.

New Hampshire students measure water quality in Ecuador

Junior Scientists @ Iracambi is a program that teaches students
about the environment in the Atlantic Forest of Northern Brazil.
They have about 100 local students involved once a month. The
Junior Scientists have done soil and water monitoring, recorded
weather data, started on tree identification, and learned how to
make tree seedlings. They use our water quality and soil moisture
sensors. Thanks to Binka Le Breton, Project Leader, for the photos
and information on this program. You can watch a 3-minute video
about the Junior Scientists at www.vernier.com/r1224

Brazilian students become Junior Scientists in the Atlantic Forest
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Canadian Workshops

Are you one of our Canadian customers? If so, let Merlan
Scientific customize a Vernier workshop for your school! We
know that opportunities for teacher professional development
are limited, and we can help you make the most efficient use of
your valuable time. Request a customized workshop quote today!

1-800-387-2474 | info@merlan.ca | www.merlan.ca

Investigate the Iron Hypothesis

In the late 1980s, Dr. John Martin made a prediction that iron
was a factor limiting phytoplankton growth. He hypothesized
that increasing the amount of available iron in the ocean would
increase primary productivity, ultimately leading to a decrease in
the amount of carbon dioxide in the atmosphere, an idea known
as the iron hypothesis. Seeding the ocean with iron has been
suggested as one way of mitigating global climate change.

The Biology Department at Vernier has developed a simple way
to demonstrate the iron hypothesis. Increasing concentrations of
iron (Il) gluconate were added to samples of water containing
algae (Chlorella). We used the protocol from our new Investigating
Biology through Inquiry lab book (BIO-I, $48) to measure primary
productivity of each sample. As the data show, productivity
increased as the iron concentration increased.

For more details on this investigation and the iron hypothesis, visit
www.vernier.com/r125

Iron (1) Conc. and Primary Productivity

03

1 Ll B 3 | Pl Pty

0 20 40 B0 80
Iran {Il} Concantration (mgiL)

Increasing amounts of iron in solution produce an increase in both net
and gross primary productivity

Please pass this newsletter on or recycle it again.
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PROFESSIONAL DEVELOPMENT

Free Hands-On, Data-Collection
Workshops

Hands-on Training Using LabQuest 2 and LabQuest Mini

Join us for a free, 4-hour, hands-on workshop using LabQuest 2
and LabQuest Mini to learn how to integrate our computer and
handheld data-collection technology into your science curriculum.
The workshops include lunch or dinner and lab handouts on CD.
For more information and registration, contact us or visit our web
site at www.vernier.com/r126

APRIL MAY

16 | Memphis, TN 1 | Oakland, CA

18 | Jackson, MS 1 | Winston-Salem, NC
19 | Baton Rouge, LA 3 | Sacramento, CA
24 | Princeton, NJ 3 | Columbia, SC
25 | Newark, NJ

26 | White Plains, NY

28 | Bridgeport, CT

30 | Hartford, CT

30 | San Jose, CA

30 | Tri Cities, TN

High School Two-Day Institutes

Biology/AP* Biology

Denver, CO | June 22-23 Baltimore, MD | July 9-10

These Biology/AP Biology Summer Institutes will feature hands-on
training using LabQuest 2 and LabQuest Mini integrating
technology into your biology class. A variety of experiments will
be offered, including many that align with the new AP Biology
curriculum framework. Specific emphasis will be placed on

how to conduct inquiry-based laboratory investigations. The
$199 registration fee includes a copy of Investigating Biology
through Inquiry.

AP* Chemistry

Denver, CO | June 20-21 Baltimore, MD | July 11-12

Vernier and Flinn Scientific will co-host these AP Chemistry hands-on
technology institutes using LabQuest 2 and LabQuest Mini. During
these summer institutes, teachers will do many of the experiments
recommended by The College Board. These experiments will center
around Vernier and Flinn equipment, supplies, and kits. The $199
registration fee includes a copy of Advanced Chemistry with Vernier.

Online Webinars

Vernier holds free, one-hour training events online. The presenter
will give a tour of Vernier products and answer questions. All you
need is a broadband internet connection and a phone line. Recorded
versions will also be available for download.

One Day Summer Workshops

Join us for a day using LabQuest 2 and LabQuest Mini to learn how
to integrate our data-collection technology into your chemistry,
biology, physics, middle school science, physical science, and Earth
science curriculum. These 6-hour, hands-on workshops include lunch
and lab handouts on CD. The cost of the workshop is $99.

JUNE JULY

11 | Dallas, TX 16 | Boston, MA

11 | Omaha, NE 16 | Phoenix, AZ

14 | Little Rock, AR 19 | Philadephia, PA
14 | Minneapolis, MN 19 | San Diego, CA
25 | Atlanta, GA
25 | Chicago, IL
28 | Raleigh, NC 6 ‘
28 | Cleveland, OH 3

AUGUST
Beaverton, OR
Spokane, WA

High School/College Two-Day Institutes

Physics/AP Physics*

Denver, CO | June 18-19 Baltimore, MD | July 13-14

This institute will survey physics data-collection and video tools
offered by Vernier. Participants will learn both basic and advanced
skills in Logger Pro. Video capture and analysis will be emphasized.
Data collection will use LabQuest 2, LabQuest Mini, and a variety
of physics sensors. The $199 registration fee includes a copy of
Advanced Physics with Vernier — Mechanics.

College Two-Day Institutes

College Biology
Chicago, IL | August 6-7

In this institute, you will conduct a series of laboratory exercises
using LabQuest 2 and LabQuest Mini that are designed for
general biology at the college level. Areas of focus will include
cellular respiration, carbohydrate metabolism, enzyme kinetics,
photosynthesis, and more. Options for human physiology, ecology,
and biotechnology will also be presented. The $199 registration
fee includes a copy Advanced Biology with Vernier.

College Chemistry
Chicago, IL | August 8-9

Vernier and Flinn Scientific team up to present this institute.

You will investigate many important topics in chemistry, including
thermodynamics, kinetics, acid-base reactivity, and equilibrium.
Data collection and analysis will open your eyes to new ideas for
hands-on activities in your laboratory using LabQuest 2 and
LabQuest Mini. The $199 registration fee includes a copy of
Advanced Chemistry with Vernier.

For more information and registration for these training opportunities, go to www.vernier.com/training/

* AP and Advanced Placement Program are registered trademarks of the College Entrance Examination Board, which was not involved in the production of and does not endorse this product.
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NEW Vernier Projectile Launcher

4

Investigate important concepts in two-dimensional
kinematics. www.vernier.com/vpl

oroer cope VPL $ 2 89
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http://twitter.com/#!/vernierst
http://www.facebook.com/VernierST
http://www.vernier.com/vpl



