New Smart Cart Accessory: Motor Drive
The new Smart Cart Motor Drive Accessory can drive the Smart Cart
forwards and backwards at constant or variable speeds — and can be
programmed for sense and control using PASCO Capstone software!

Smart Cart Demo Kits Capstone 2.0 + Coding Sense and Control
See page 104 See pages 68-71 See page 6
Everything you need for =, Blockly coding in PASCO Control hardware
great physics demos! Capstone offers limitless outputs with PASCO

Demo manual included. lab possibilities! sensor inputs!
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Given the past year’s events, we understand many educators
were unable to use their PASCO equipment as frequently as
they would during a normal school year.

One Year All products with an active PASCO 5-Year Warranty
Extension! during 2020 will receive an extra year of coverage.

To ensure all PASCO customers get the most out of our 5-Year Warranty, all PASCO products
currently under PASCO’s 5-Year Warranty will receive an extra year of coverage. We hope that
this additional year of coverage will help educators feel confident in returning to their hands-on
PASCO equipment when the time comes.
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The Newest Smart Cart Accessory

Smart Cart Motor @
0 NEW

4

The Smart Cart Motor is a motor-driven wheel that
attaches to the Smart Cart to make it go at a constant
velocity, forwards or backwards. In PASCO Capstone or
SPARKvue, you can control the motor remotely through its
wired connection to the Smart Cart by setting the power
on a scale of -100 to +100%.
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This view of the underside of the Smart Cart with Motor shows the
red motor-driven wheel. It can be used on or off a track.

A brass mass is added to the
slot on top of the Motor to
increase the traction.

Add power to your Smart Cart and control its motion:
» Control the Smart Cart via software

) Constant velocity

» Constant acceleration

» Programmable with Blockly in Capstone and SPARKvue

Includes:

e Smart Cart Motor

e Smart Cart Connector Cable
e USB Charging Cable

Program with Blockly in Capstone or SPARKvue to make the Smart Cart with Motor Order Information

follow an equation of motion. Smart Cart MOtOr .........ovoveeeeeeeeeeeeee e ME-1247

Requires a Smart Cart (see pages 98-99)

Also requires PASCO Capstone Software (see pages 68-71)
or SPARKvue Software (see pages 72-73)

2 more information at pasco.com



Smart Cart Demonstration Kit =
ME-1272 (with red cart) ~ ME-1273 (with blue cart) —
The Smart Cart Demonstration Kit g
comes with either a Red Smart Cart o
or a Blue Smart Cart and all the Smart Smart Cart g
accessories you need to perform Ballistic Cart Rod Stand [Pt
amazing physics demonstrations in Accessory Adapter —
kinematics and dynamics. (ME-1245) (ME-1244) g4
Fan Cart Sail
(ME-1248)
Bumper Hook
Demonstration Smart Fan
Accessory
Manual Included! (ME-1242) Smart Cart
Vector Display (ME-1246)

PAScar

Cart Mass

(set of 2)

(ME-6757A)

Red Smart Cart (ME-1240)
or Blue Smart Cart (ME-1241)
Includes:

e Smart Cart (red or blue)

e Smart Fan Accessory

e Two 250-g Cart Masses

e Smart Cart Rod Stand Adapter
e Smart Ballistic Cart Accessory
e Smart Cart Vector Display

e Sail

e Gratnells Case

e Demonstration Manual

16 Demonstrations Included:

» Differences between Velocity and Acceleration

» Independence of x- and y-Projectile Motion (Level Track)

» Independence of x- and y-Projectile Motion (Uphill)

» Independence of x- and y-Projectile Motion (Downhill)

» Newton’s First Law Using Vector Display

» Newton’s First Law Using Smart Fan Carts

» Newton’s Second Law (Push-Pull Force Sensor)

» Newton’s Second Law (Hanging Mass)

» Newton’s Second Law (Fan)

» Newton’s Third Law (Force Vectors)

» Newton’s Third Law (Fan Cart)

» Impulse and Force

» Collisions

» Centripetal Acceleration

> Simple Harmonic Motion

» Buoyant Force Red Smart Cart Demonstration Kit ME-1272
Blue Smart Cart Demonstration Kit...............ccooeernnee ME-1273
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Block-based Coding

(9p]
— .
S ' BIOCkly Block-based Coding
(am]
8 » Control all PASCO sensors and interfaces Bring computational thinking
=B ) Create sense and control programs into your science lab!
E P Control outputs from sensor inputs
= ~
- J

We have added block-based coding into our Capstone and SPARKvue software!
With Blockly coding, students can control how outputs respond to sensor data.
Students can use any PASCO sensor as a Blockly input.

Blockly Coding Learn more at PASCO.com/coding

Help Students Develop Computational Thinking Skills
Introducing students to coding and code-based outcomes is (" N
easier than ever before with Blockly coding. Blockly integrates
computational thinking into the exploration of science phenomena to
provide students with a new world of STEM opportunity. With Blockly,
students can create custom data collection parameters, feedback
loops, data displays, and so much more.

Use Blockly in SPARKvue to:

» Introduce students to computational thinking

» Investigate phenomena while learning to code

) Create data-driven feedback loops

» Program collection parameters for any PASCO sensor or interface

4 N
\ J
PASCO devices are recognized in Blockly allowing students to write code around
device inputs and outputs.
For more information on PASCO Capstone Software,
see pages 68-71.
L ) For more information on SPARKvue Software, see pages 72-73.

4 more information at pasco.com



//code.Node

//code.Node
PS-3231

NEW )

The //code.Node is a turnkey coding solution that
combines real-world sensor inquiry, Blockly coding,
and live data displays to drive computational thinking
in STEM learning. It includes six interactive sensors
and three device outputs that measure and respond to
phenomena using code created in PASCQO’s software.

Sensor Inputs | Device Outputs

» Light » RGB LED
» Magnetic Field » 5x5 Array
» Motion » Speaker
» Temperature

» Sound

P Switches

//code.Node Multi-pack (Set of 8)
PS-3311

KRBT

Includes:

e //code.Nodes (8)

e //code.Node Holders (8)
e USB Charging Cables (8)

Order Information

e Essential Coding to Learn
Teacher’s Manual
e Storage Box

/Icode.Node Multi-pack (Set 0f 8) ........cccvveereencns PS-3311
//code.Node Cart
PS-3235

Cart Accessory for the //code.Node

Turn your //code.Node into a programmable cart
for computational thinking activities.

The //code.Node Cart allows students to program the //code.Node
to respond to physical phenomena. When the //code.Node is active
and fitted inside the cart, velocity and position data are collected and
reported wirelessly. Programmed values can trigger sounds, lights
and displays.

Holder
not
included.

Order Information

/1C0AE.INOUE ... PS-3231

//code.Node
Holder

PS-3233

Includes:
e Holder
e \elcro Straps (2)

Order Information

//code.Node Holder..............ccceveveeeveviiiciercrciene PS-3233

//code.Node not included.

Order Information

//code.Node Cart............ccceeverererereeieeesiecierereene PS-3235
Requires:
/16008.NOUE ... PS-3231
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Sense and Control

Sense-and-Control
Using PASCO Sensors, Output Devices, and Equipment

» Blockly programming is built into PASCO Capstone and SPARKvue software.
» Access all sensor readings through code.
» Use code to control outputs such as signal generators, fans, and motors.

How PASCO Makes Sense-and-Control Seamless

With the recent integration of Blockly coding into our data collection software, you can use code to
read sensors and to control how devices respond to data without having to download any drivers.
Plus, you can graph the output from your code in real time or display it using any of Capstone’s displays.
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In PASCO Capstone, the Blockly code runs adjacent to a graph of the Current Sensor measurement and Digits Displays of output from the code.

m Construct a Constant Current Source

» Use the Modular Circuits (EM-3536) variable resistor,
Wireless Current Module (EM-3534), and AC/DC Module
(EM-3533).

P The voltage is adjusted in code to react when the resistive
load is changed so as to keep the current constant.

P In Capstone, record the current and voltage readings and
see the current graphed in real time as the code executes.

Modular Circuits (pages 218-221)

6 more information at pasco.com



Sense and Control

Sense

» Because Blockly is embedded in Capstone, any PASCO sensor or interface can be

accessed through code.

» PASPORT, ScienceWorkshop, and Wireless Sensors

PASPORT Sensors (pages 25-45)

ScienceWorkshop Sensors (pages 18-24)

Wireless Sensors (pages 49-65)

Control

» Output messages to
Capstone Digits Displays

P Control the speed and direction
of a Smart Fan (ME-1242) on a
Smart Cart (ME-1240).

Smart Fan (page 100

P Activate motors, lights, and
a coil in Modular Circuits
(EM-3536) using the AC/DC
Module (EM-3533).

AC/DC Modular (page 221)

P Control the frequency and amplitude of the signal generator outputs

PASCO Capstone Software (pages 68-71)

P Control the speed and
direction of a Smart Cart
Motor (ME-1247).

Smart Cart Motor (page 103)

P On the //code.Node (PS-3231),
change the color of the LED,
the intensity of the LED array,
and the frequency of the
speaker output.

//code.Node (page 5)

on the 550 (UI-5001) and 850 (UI-5000) Universal Interfaces.

550 Universal Interface (page 16)

» Control the
frequency and
amplitude of the
Function Generator
(P1-8127).

Function Generator (page 256)

850 Universal Interface (page 14)

» Control when or where
the ball is launched by
a Smart Ballistic Cart
Accessory (ME-1246).

Smart Ballistic Cart Accessory (page 102)
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Sense and Control

Suggested Sense-and-Control Projects
P Loud Noise Sensor

e Uses the Sound Level Sensor (PS-2109)

e Explore sound level data to determine what
sound level is considered to be loud.

e \When a person is too loud, display a message
that says “Be quiet!”

D Design a Red-Light Green-Light Game

e Uses Motion Sensors (PS-3219) and the //code.Node (PS-3231)

e Computer randomly changes the //code.Node LED to red or green, while
motion sensors track the progress of each student toward the goal line.

e |f the student is still moving after the LED turns red, they have to go back.

e Computer keeps track of how many red/green changes each student
uses to cross the goal line.

e Display “Winner” when someone crosses the goal line.

E® Identify the Color of Objects

e Uses Wireless Light Sensor (PS-3213),
Smart Fan (ME-1242), and Smart Cart (ME-1240)

e Study the Light Sensor readings when the sensor is
pointed at different colored objects, and develop
code that determines the color.

e Display color name on screen.

e Use color to control a Smart Fan on a Smart Cart: Make the cart go
forward when the Light Sensor is pointed at a blue object, stop when
it's pointed at red, and reverse when it's pointed at green.

I® Clap On Clap Off Light

e Uses Sound Level Sensor (PS-2109),
550 Universal Interface (UI-5001),
and Modular Circuits (EM-3536)

* \When someone claps twice,
the light turns on.

e Clap twice again and the
light goes out.

[E® Biofeedback: Warm up Your Hands
e Uses Wireless Temp Link (PS-3222) with Surface
Temperature Probe (PS-2131) and //code.Node (PS-3231)
e Display temperature on a graph.

e The //code.Node sounds a low frequency note. As the
temperature rises, the frequency of the note increases.

more information at pasco.com



Sense and Control

I» Reaction Timer

e Uses a //code.Node (PS-3231) to record
how long it takes the student to press a
button in response to a signal.

e Program waits a random time and then
the //code.Node beeps and lights LEDs.

e Student presses the //code.Node button
as soon as they see and/or hear the
signal.

e Computer measures the time between
the signal activation and the pressing of
the button and displays the reaction time
in a Digits Display.

S133rodd

E® Control Position of Smart Fan Cart
e Uses a Smart Fan (ME-1242) and Smart Cart (ME-1240) on a track.

e Use kinematics to determine how much deceleration is required to stop a cart
within a certain distance.

e Use graphs to explore how much fan thrust creates enough acceleration.
e Make the cart stop at a designated position.

E® Make the Smart Cart with Motor
Follow Equations of Motion

e Uses a Smart Cart (ME-1240) with a Smart
Cart Motor (ME-1247).

e Control the output of the Motor using
equations of motion in the code.

e Graph the actual position on top of the
theoretical equation of motion.

ED® Intruder Detectors

e Detect movement with a Wireless Motion Sensor (PS-3219).

e Try to move an object without tripping an alarm using the
Wireless Accelerometer (PS-3223) as a shake detector.

e Breaking the laser switch beam on the Wireless Smart Gate
(PS-3225) triggers an alarm.

e Non-Contact Temperature Sensor (PS-2197) for sensing
human body heat.

if» Play a Song

e Write code to play musical notes on the
550 Universal Interface (UI-5001) with the
Mini Speaker (WA-9605), or use the sound
output on a //code.Node (PS-3132).

800.772.8700 (inside US) | +1916.786.3800 (outside US) 9



Measuring with Sensors

In Physics and Engineering, we measure everything in every way we can. Sometimes sensors
make it possible to perform measurements that we could not get any other way.

PASCO offers a couple of different ways to go: interface-based sensors or wireless sensors.
However, you can use a wireless sensor at the same time you are using sensors connected to
an interface. Which way you choose depends on your platform and your purpose.

Which platform do you use?

n Mac® and/or Windows® Desktop Computers or Laptops
Recommendation:

e PASCO Capstone Software (see pages 68-71): This data collection and analysis software is the preferred
choice of physics and engineering teachers.

e 550 or 850 Universal Interface: Choose the 550 if you are teaching high school physics (unless you are one of
those high school teachers who has to have the most powerful tools). Choose the 850 if you are teaching college
physics or engineering.

Wireless Force

Acceleration Sensor
PS-3202 (see page 53)

850 Universal Interface
UI-5000 (see page 14)

550 Universal Interface

UI-5001 (see page 16)
PASPORT
High Resolution

Force Sensor
PS-2189 (see page 29)

B3 Tablets (iPad® or Android™) and/or Chromebook™

Recommendation:

e SPARKvue Software (see page 72-73): SPARKvue is our tablet and Chromebook™ software. While PASCO
Capstone is very powerful, it is only available for Mac® and Windows®.

e Wireless Sensors and Wireless AirLink Interface: Use wireless sensors because tablets may not have a
USB port. Whenever a wireless sensor is not available, use the AirLink with a PASPORT sensor.

AirLink®
PS-3200 (see page 48)

Je SPARKvue’

W|re|ess Force

Acceleration Sensor
PS-3202 (see page 53)

ED Need a Stand-alone Datalogger? SPARK DATALOGGER

Recommendation:

e SPARK LXi: This all-in-one datalogging solution works for classrooms without
computers or for outdoor use. The SPARK LXi can be used with wired PASPORT
sensors as well as PASCO’s wireless sensors. It is battery-powered, has a large
color touchscreen, and is loaded with PASCO SPARKvue,

MatchGraph, and Spectrometry.

" SPARK LXi

SPARK LXi top view PS-3600A (see page 46-47)

10 more information at pasco.com



New to sensors? Have sensors already?

EP® New to Sensors?

e PASCO Capstone Software (see pages 68-71): Unless you
are using tablets or Chromebook™, we recommend Capstone
for physics and engineering labs.

e 550 Universal Interface: The 550 Interface is perfect for
beginning data acquisition. It has multiple sensor ports to

550 Universal Interface
UI-5001 (see page 16)

accommodate those experiments that require more than one
sensor (as most experiments do). It also has a signal generator

PASPORT Sensors: Many of these sensors have multiple
sensor elements in one sensor, such as the Absolute Pressure/
Temperature Sensor (page 32).

Wireless Sensors (see pages 49-67): This is a low-cost
solution because no interface is required for the wireless
sensors. They are connected via Bluetooth® in PASCO software
(Capstone or SPARKvue).

B3 Have ScienceWorkshop Analog Sensors?

e PASCO Capstone Software (see pages 68-71): Unless you
are using tablets or Chromebook™, we recommend Capstone for
physics and engineering labs.

850 Universal Interface: The 850 Interface is our most versatile
and powerful instrument. It has twice as many sensor ports as

the 550 for those more demanding experiments. It also has three
signal generators, a high-power output (15 V at 1 A) for speakers

. Wireless Force Acceleration Sensor
and powered output for electronics and speakers. PS-3202 (see page 53)

Wireless Smart Cart
ME-1240 (see page 98-99)

and heating elements, and two high-frequency outputs (DC to 850 Universal Interface

500 kHz) for electronics.

Use Your Existing ScienceWorkshop Sensors and add any
PASPORT sensors you need: You may want to use the PASPORT
2-Axis Force Platform (page 30) or the Absolute Pressure/
Temperature Sensor (page 32).

D Have PASPORT Sensors?

e PASCO Capstone Software (see pages 68-71): Unless you are using
tablets or Chromebook™, we recommend Capstone for physics and
engineering labs.

550 or 850 Universal Interface: Choose the 550 if you are teaching
high school physics (unless you are one of those high school teachers
who has to have the most powerful tools). Choose the 850 if you are
teaching college physics or engineering.

Use Your Existing PASPORT Sensors (see pages 25-45) and add the
UI-5100 Voltage Sensor (page 23) for high speed sampling of circuits
and the UI-5101 Sound Sensor (page 22) to detect sound waves.

SPARK LXi: Choose the SPARK LXi if you want to use your PASPORT
sensors without computers or if you need to collect data outside.

UI-5000 (see page 14)

550 Universal Interface
UI-5001 (see page 16)

'SPARK LXi
PS-3600A (see page 46-47)

800.772.8700 (inside US) | +1916.786.3800 (outside US) ‘ 11



Interfaces

Use an interface to connect sensors to your computers or mobile devices running

PASCO software.

Connect one PASPORT sensor via Bluetooth® or

AirLink@ through a USB connection. USB cable included.
PS-3200
The AirLink i the most cost-effective way
to wirelessly connect PASPORT sensors. AIrLink INterface .........cccveevveeeieeececeeeceeveeens PS-3200
SPARKIink® Air ,
Connect two PASPORT sensors via Bluetooth® or through a
PS-2011 USB connection. Also includes dedicated ports for the included
temperature and voltage probes. USB cable included.
SPARKIink Air Interface ...........ccoeveveeerernnenenene PS-2011
SPARK LXi Designed for use with wired and wireless sensors, the SPARK
PS-3600A LXi can simultaneously accommodate up to five wireless

sensors. It also includes two ports for blue PASPORT sensors,
plus two ports for the included Fast Response Temp Probe
and the Voltage Probe.

Order Information

SPARK LXi Datalogger...........coceerereeurerenineneenenes PS-3600A

550 Universal Interface
UI-5001

The 550 Universal Interface is fast, flexible, and powerful
while staying affordable. The 550 has half the ports and
many of the great features of our 850 Universal Interface
in a smaller package, with Bluetooth® and USB connectivity.

Order Information

550 Universal Interface..........ccovevevvevererceeenirennnns UI-5001

850 Universal Interface
Ul-5000

The 850 Universal Interface is the most powerful science
education lab interface in the world, with the most ports,
highest sampling rates, and the most powerful functionality
and future expandability. It can also replace several pieces
of lab instrumentation, which represents great value.

Order Information

850 Universal Interface............cocoeevviirevesrirenenns UI-5000

12 more information at pasco.com



PASCO Interfaces

Interface Comparison

Compare the features and capabilities and see which interface works best in

your lab.
AirLink SPARKIink Air SPARK LXi 550 Universal Interface 850 Universal Interface
PS-3200 PS-2011 PS-3600A Ul-5001 Ul-5000
PASPORT Ports 1 2 2 2 4
Built-in
Temp and Voltage No Yes Yes No No
Analog Inputs 0 0 0 2 (=10 'V, optional gain 4 (+20 V, optional gain
voltage 10x, 100x) voltage 10x, 100,
1000x)
Digital Inputs 0 0 0 2 4
Connects via USB Yes Yes Yes Yes Yes
Connects via Bluetooth Yes Yes Yes Yes No
Rechargeable battery
for cordless operation Yes Yes Yes No (AC adapter only) No (AC adapter only)
Works with PASCO
Capstone Software Yes Yes No Yes Yes
Works with
SPARKvue Software Yes Yes Yes Yes No
Accepts PASPORT
Sensors Yes Yes Yes Yes Yes
Accepts
ScienceWorkshop
Sensors No* No* No* Yes Yes
Maximum Sensor-dependent | Sensor-dependent Sensor-dependent Up to 2 MHz on 10 MHz on
Sampling Rate <1000 Hz <1000 Hz <5000 Hz one channel two channels
simultaneously
Signal Generator N/A N/A N/A +8V, at 400 mA, #1 £15Vat 1A,
DC to 100 kHz DC to 100 kHz
#2 &#3 10V at
50 mA DC to 500 kHz,
independent
Included ltems USB Cable AC adapter, USB cable, | AC adapter, USB cable, | USB cable, USB cable,
fast response fast response power supply power supply
temperature probe, temperature probe,
voltage probe voltage probe
Expansion Port No No No No 44-pin port with

voltage outputs,
analog inputs,
and digital I/0
channels

* The AirLink, SPARKIink Air, and SPARK LXi can accept most ScienceWorkshop sensors with the proper adapter (see page 48),
although they won’t have the same high maximum sample rates. One exception is the Sound Sensor (UI-5101), which is not

recommended for use with an adapter.
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The PASCO 850 Universal Interface:

The Ultimate Sensor Interface for Physics and Engineering

Clear the clutter on your lab bench. The 850 Universal Interface combined with PASCO
Capstone software can replace multiple expensive pieces of equipment.

An incredible value!

850 Universal Interface PASCO Capstone Software DC Power Supply, Oscilloscope,
Digital Multimeter, and Function
Generator
4 Photogate 4 Analog Sensor High Power
Ports Ports AC/DC Output
(up to 10 MHz) (x15Vat1A)
4 PASPORT 2 High Frequency
Sensor Ports Outputs

(DC to 500 kHz)

P Study AC Circuits: 10 MHz sample rate on two analog channels simultaneously; two independent high frequency
outputs (50 mA at 10 V; DC to 500 kHz)

P Power Speakers and String Vibrators: High power function generator (1 A at 15 V; DC to 100 kHz)
P Use Any Sensors You Have: Compatible with ScienceWorkshop and PASPORT sensors; use at the same time
» Explore Modulation: External trigger input/output for synchronizing multiple 850s

P Do 87 Core Physics Experiments: Check out the Comprehensive
850 Physics Lab Manual (UI-5813; see page 78). Download online
at pasco.com/comprehensivephysics

b See detailed specifications:
WWW.[pasco.com/850 850 Universal INterface.............oovv.eeeerrrveeeerenseeseeesssnne UI-5000
Required:
PASCO Capstone SOftware............ccccceuevevererercrererersnenens pp. 68-71
Recommended:
BNC Function Generator Output Cable..............ccccevnenee.. p.15

Replacement Part:
850 Universal Interface Replacement Power Supply......... Ul-5200

14 more information at pasco.com



Four Channel Oscilloscope in PASCO Capstone

Dual Independent High Frequency Function Generators
Independent control of frequency, waveform, and amplitude. The voltages across
the source, inductor, capacitor, and resistor are displayed in the oscilloscope.

BNC Function Generator Output Cable

UI-5119 (unshrouded)  UI-5129 (shrouded)

» Converts the BNC output to two banana cords for
the 850’s function generators #2 and #3.

U-5119

Ul-5129

Shown in use with the
850 Universal Interface.

Order Information

BNC Function Generator Output Cable

(unshrouded) UI-5119
BNC Function Generator Output Cable
(shrouded) Ul-5129

Resistor Capacitor
Inductor Network
Ul-5210

Board components can be used to investigate
Kirchhoff’s Circuit Laws, Ohm’s Law, RC circuits,
and A.C. LRC circuit theory with resonant
frequencies between 55 kHz and 135 kHz,
depending on values used.

Includes

e Two inductors: 6.8 mH, 2.5 mH

e Two capacitors: 3900 pF, 560 pF

e Four resistors: 47 kQ, 3.3 kQ, and
two 1.0 kQ.

Shown in use with the 850 Universal Interface.

Order Information

Resistor Capacitor Inductor Network.................... UI-5210

8-Pin DIN Extension Cable

Ul-5218

» Use to connect analog sensors
to ports A through D on the 850.

» Analog sensors can also be
plugged in directly to the 850 ports.

The 1.8 m long Extension Cable allows ScienceWorkshop Sensors to
be used even further away from the interface. Multiple cables CAN be
used in series. Also works with 750 and 500 interfaces.

Order Information

8-Pin DIN Extension Cable ...........ccccevererererennnene. UI-5218

800.772.8700 (inside US)
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550 Universal Interface for Lab Bench Use

The PASCO 550 Universal Interface...

This powerful interface for Physics connects wirelessly or via USB.
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This is the interface with the measurement capability for all types of physics experiments.
It features:

P 2 MHz sampling rate » Use with other PASPORT interfaces
P 2 high-speed analog inputs » Connect to computers via USB
P 2 digital inputs for photogates and other timing sensors » Bluetooth® Low Energy

P 2 PASCO PASPORT sensor inputs

P Signal generator with built-in Voltage and
Current sensors

With the 550, your Physics lab is equipped with high-
speed data collection, signal generation and power
supply, oscilloscope and FFT displays, timers, and more.

Order Information

550 Universal Interface UI-5001
Required:

PASCO Capstone Software.............ccceeveeevvrvennne pp. 68-71
OR

SPARKvue Software pp. 72-73

16 more information at pasco.com



Choose the Universal Interface that is right for you.

The 550 Universal Interface The 850 Universal Interface
is fast, flexible, and affordable, and it has all the power has all the speed and power you need for your most
you need to ignite student learning in your lab. The 550 is demanding physics experiments. And it can replace most of
equipped with high-speed data collection, signal generation the equipment in your physics lab including oscilloscopes,
and power supply, FFTs, timers, and more. (If you have power supplies, timers, and function generators, multi-
tablets, this is the interface you need.) meters, and more.
Specs: | 550 Universal Interface 850 Universal Interface
Sampling Rate: | Up to 2 MHz on one channel 10 MHz on two channels simultaneously
Connection: | Connect to computers or tablets* Connect to computers via USB
via USB or Bluetooth®
* iPad®, Chromebook™, and Android™ tablets require SPARKvue®
Signal Generator: | +8 V at 400 mA, DC to 100 kHz #1: +15Vat 1 A, DC to 100 kHz
#2 and #3: +10 V at 50 mA, DC to 500 kHz, independent
Analog Input: | +10 V, optional voltage gain 10x, 100x +20 V, optional voltage gain 10x, 100x, 1000x
Compatibility: | Works with all PASPORT and ScienceWorkshop Works with all PASPORT and ScienceWorkshop sensors
sensors and works with other PASPORT interfaces and works with other PASPORT interfaces
Ports: | 2 high-speed analog inputs + 2 digital inputs for Twice the number of ports as the 550
photogates and other timing sensors + 2 PASCO
PASPORT sensor inputs
Software: | PASCO Capstone™, SPARKvue PASCO Capstone™

Labs and configuration files available: pasco.com/capstoneexperiments
Included Labs:

» Mechanics » Electricity
» Fluids » Magnetism
» Rotation » Waves

» Structures » Optics

» Materials » Quantum

» Thermodynamics

Each lab includes:

» Word® document file

» PASCO Capstone configuration file
» Image files

» Sample data

See pages 80-81 for more 550 Physics Labs

800.772.8700 (inside US) | +1916.786.3800 (outside US)



For High Speed Sampling Gain Control

Advantages of Using Analog Sensors
with the 550 and 850 Universal Interfaces

The 550 and 850 Universal Interfaces are called “Universal” because they are capable of using ScienceWorkshop
(analog) sensors as well as PASPORT sensors. Although the PASPORT sensors are the newer digital line of sensors,
there are advantages to using the analog technology in the ScienceWorkshop sensors. Here are a few examples:

[E® High Speed Collision with the Force Sensor (CI-6537); see page 20.

A cart colliding with a Force Sensor equipped with
a clay bumper was recorded using a 5000 Hz
sampling rate. Details of the clay's collapse can
be seen in the data.
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D High Gain Detecting the Violet Hydrogen Lines with the High Sensitivity Light Sensor (CI-6604);
see page 24.

This light sensor has a high gain that, when combined
with the interface gain, allows even the dimmest of
the Balmer series to be detected.

EHigh Resolution Sound FFT Spectrum of a Clarinet Note with the Sound Sensor (Ul-5101);
see page 22.

Now with Auto-ID

This FFT of a note being played on a clarinet
was captured at a sample rate of 20 kHz.
The waveform can also be seen on an
oscilloscope in Capstone software.

IE® High Synchrony LRC Circuit with the Voltage Sensor (Ul-5100); see page 23.

Now with Auto-ID

This oscilloscope display in PASCO Capstone
shows the voltages across several components
of an LRC circuit. The sample rates required for
this can be as high as 10 MHz.
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For High Speed Sampling Gain Control

Students learn about experimental instrumentation
through hands-on equipment assembly and sensor
settings that affect measurement quality.

P sampling Speed

Set the sampling rate high enough
to capture the time-detail of the
phenomenon being measured.
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E® Volitage Gain

Changing the gain of an analog sensor
increases the resolution over a smaller
voltage range.

E® Voltage-Based Measurements

Analog sensing is based on voltage
measurements. Understanding
how devices convert physical
changes like temperature,
pressure, material deformation,
and vibrations into voltage helps
students understand the science
behind their instrumentation.

E®» Measurement Alignment

High speed voltage and current High speed voltage and current
measurements in LRC circuits measurements in LRC circuits.
require that all measurements

are synchronized on the same

clock to ensure data integrity,

and the accurate measurement

of phase relationships.

800.772.8700 (inside US) | +1916.786.3800 (outside US) 19



Elastic Bumper
ME-8998

The Elastic Bumper protects the Motion
Sensor from the carts, but doesn’t interfere
with the ultrasonic pulse.

Bracket —

Elastic

Shown Bumper

with PAStrack
(see page 104)
Includes:
e Two pairs of brackets
e 10 meters of elastic material

Order Information

Elastic Bumper ..........cccccc..... ME-8998

Cart Adapter Accessory
ME-6743

The Cart Adapter Accessory allows the
Motion Sensor and many other sensors
to be mounted to a Dynamics Cart or a
PAScar.

The adjustment knob on the
bracket allows the Motion
Sensor to face any direction.

Mounting a Motion Sensor on a cart is
ideal for the study of relative motion. The
adjustment knob on the bracket allows
the Motion Sensor to face any direction.
Includes:

® Two M5 thumb screws to attach to cart
e 1/4”-20 screw at center

Order Information

Cart Adapter Accessory.......... ME-6743

Motion Sensor i
Cl-6742A

PASCOQO’s digital

ScienceWorkshop

Motion Sensor Il is used

to measure position,

velocity and acceleration.

Ultrasonic pulse-ranging

technology has a switch-

selectable Standard Beam or Narrow Beam
to reject false signals and produce cleaner
data. The Motion Sensor sits firmly on a
desktop or easily mounts to a rod stand or
PASCO Dynamics Track.

Connector:
Dual stereo phone plug for 850, 550,
and ScienceWorkshop interfaces.

Order Information

Motion Sensor Il..................... Cl-6742A
Recommended:

Motion Sensor Guard.............. SE-7256
Motion Sensor Bracket.. PS-2546
Cart Adapter Accessory. ME-6743
Accessory Cable...........ccuene. Cl-6748

Allows CI-6742A to be used with CBL/EA100.

Motion Sensor
Guard
SE-7256

Use this wire guard

to protect the Motion
Sensor when dropping
objects from above.

Order Information

Motion Sensor Guard.............. SE-7256

Motion Sensor Bracket
PS-2546

This magnetic bracket
allows a Motion Sensor
to be easily hung from

a drop ceiling. Simply
screw the bracket into
the 1/4”-20 threads on
the sensor and use the
included adjustment nut
to hold the sensor in the
desired orientation.

The bracket can also be used to hold the Motion
Sensor on vertical surfaces such as filing cabinets
and magnetic whiteboards.

Order Information

Motion Sensor Bracket........... PS-2546

Rotary Motion Sensor
Cl-6538

Measure angle and angular velocity or
measure distance and linear velocity using
the rack or the pulley. This sensor is also
bi-directional,

indicating the

direction of

motion.

Specifications:

Resolution: 1°/0.087 mm and 0.25°%0.022
mm (software selectable)

Maximum Speeds: 13 rev/sec at 1°
resolution (360 data points/revolution);
3.25 rev/sec at 0.25° resolution (1440 data
points/revolution)

Optical Encoder: Bidirectional, indicates
direction of motion

Connector: Dual stereo phone plug for
850, 550, and ScienceWorkshop interfaces

Order Information

Rotary Motion Sensor ............ Cl-6538
Recommended:

Linear Motion Accessory........ Cl-6688A
3-Step Pulley.......cccvvevrirnnee. Cl-6693

Force Sensor
Cl-6537

PASCO’s

durable,

reliable Force

Sensor has been

designed specifically for the student physics
lab. Its wide-range, high-frequency response
and a low noise transducer help generate
excellent impulse graphs, smooth harmonic
motion data, and more. The sensor’s
special strain gauge consistently generates
the same output for the same force and is
designed to minimize side loads. Damping
materials reduce vibrations caused by
collisions without affecting results. Any
dynamics cart accessories can be mounted
on top of the Force Sensor.
Specifications:

Force Range: +50 N

Resolution: 0.03 N or 3.1 grams

Zero (Tare) Function: Push-button
Force-overload Protection: Mechanical
stop prevents forces of more than 50 N from
damaging the sensor

Pin Configuration: 8-pin DIN plug mounts
on standard 12.7 mm support rods
Maximum Sample Rate: Depends on

interface
Order Information
Force Sensor ..........cccccveveveae Cl-6537
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Photogate Head
ME-9498A

The Photogate Head

monitors the motion

of objects passing

through its gate,

counting events as

the object breaks the

infrared beam.
Specifications:

Photogate Width: 7.5 cm

Fall Time: < 50 ns

Spatial Resolution: <1 mm
Timing Resolution: 0.1 millisecond
Connector: Stereo phone plug

Order Information

Photogate Head ..................... ME-9498A
Recommended:
Photogate Stand .................... ME-9805

Accessory Photogate
ME-9204B

Includes both a Photogate
Head and a Photogate
Stand for flexible experiment
design. The Photogate Stand
is also sold separately.

Order Information

Accessory Photogate ............. ME-9204B
Photogate Stand .................... ME-9805

Photogate &
Pulley System

ME-6838A

Specifications:

Pulley Rotational inertia: 1.8 x 10° kg m?;
Pulley Coefficient of friction: <7 x 103;
Pulley Diameter: 5 cm, mass 5.5 g

Photogate Width: 7.5 cm; fall time
<50 ns;

Photogate Spatial resolution: < 1 mm
Timing Resolution: 0.1 millisecond
Product Connector: Stereo phone plug

Order Information

Photogate & Pulley System ... ME-6838A

Time-of-Flight Accessory
ME-6810A

Applications:
» Conduct freefall experiments
» Use with all PASCO launchers
» Horizontal Velocity is Constant
» Horizontal Distance

(two Photogate Heads needed)
» Time-of-Flight Versus Initial Velocity
The Time-of-Flight Accessory is designed
primarily for freefall or projectile experiments.
When an object hits the plate, a signal is
sent to the interface.

Note: When used with the Projectile
Launcher, a photogate is used to start
the timer and the 20’ extension cable is
recommended.

Time °

t=139s Time of Flight Pad
~a_O
e —— 2N

Order Information

Time-of-Flight Accessory ....... ME-6810A

Phone Jack Extender
Cable

PI-8117

This six meter phone jack-to-phone jack
extension cord can be used with any
Photogate/Timing accessory.

Order Information

Phone Jack Extender Cable
(20" cable) .....ccevvvverrrreriian. PI-8117

G-M Tube/Power Supply

SN-7927A

The G-M Tube/Power Supply senses alpha,
beta and gamma radiation. Power for the
tube is supplied through the connection

to an interface that supplies an operating
voltage of +5 V.

Specifications:

Sensitivity: Beta, gamma, alpha

Count Detection: Audio signal

Window Thickness: 1.5 to 2 mg/cm?, mica
Starting/Operating Voltage for Tube:
450 VDC/500 VDC

Dead Time: 90 us

Gas Filling: Neon, Argon, and Halogen
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Sr-80 beta source

The number of counts
per time interval drops
off as the distance
between the detector
and the radioactive
source Is increased.

The G-M Sensor can be
attached directly to the
rack on a Rotary Motion
Sensor to measure the
real-time count rate as
a function of distance
from the source.

Order Information

G-M Tube/Power Supply......... SN-7927A
Recommended for use with SPARKIink Air,
AirLink or SPARK LXi:

PASPORT Digital Adapter........ PS-2159

800.772.8700 (inside US) |
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Also see the
new Wireless

Sound Sensor with Microphone
Ul-5101

» Measures sound waveform
» Auxiliary microphone on wire

Sound Sensor
on page 54.

The Sound Sensor houses a

sensitive microphone designed

to measurements the relative

intensity of sound and to display audio
waveforms of sound levels between 45 and
100 dB, when used in conjunction with the
550 or 850 Universal Interface and PASCO software.
Applications:

» Measure basic sound intensity

» Measure speed of sound measurement
» Measure beats

» Study the doppler effect

» Conduct voice studies

) Learn musical instrument overtones

Specifications:

Frequency Response: 20 to 9,000 Hz

Decibel Range: 45 to >100 dB

Signal-to-Noise Ratio: < 60 dB

Ampilification: Two stages condition low-level signals
Pin Configuration: 8-pin DIN plug on case

Sensor ID: Auto-identification on 550/850 Interfaces

The included auxiliary
microphone can be used to
probe a resonance tube.

Includes:

e Auxiliary Microphone (UI-5102)
e 8-Pin DIN Extension Cable

e Sensor Mounting Rod

Order Information

Sound Sensor with Microphone...............cccccevea. Ul-5101
Replacement:
Auxiliary MiCrophone ...........ccoceeeereririvirissrenens UI-5102

Temperature Sensor
Cl-6605A
» Rugged sensor

PASCOQO’s Stainless Steel Temperature
Sensor offers a superior range, resolution
and accuracy.

Specifications:

Temperature Range: -35°C to +135°C
Accuracy: +0.5°C

Resolution: 0.05°C

Pin Configuration: 8-pin DIN plug

Order Information

Temperature SENSO .........ccceveveveeeieveiisrererereeens Cl-6605A

Basic Electrometer

ES-9078A
) For 550/850 and ScienceWorkshop Interfaces

Direct Polarity Indication
Centered zero scale shows both
positive and negative charges.

Signal Output
To computer

interface.
Readout
Zero
Button
Range T Connector
Indicator for Shielded
LEDs \ Input Cable
) ) Grounding Jack
Range Adjustment Switch

Adjust the sensitivity to match On/0ff Switch

the experiment.

The PASCO Basic Electrometer is a quantitative electroscope,
measuring the polarity and magnitude of charged objects. With
almost infinite input resistance (1014 ohm), the Electrometer is a
high-impedance voltmeter, draining almost no charge from the
object it is measuring.

Features:

» Center-Zero Meter: Polarity is indicated directly.

» Switch-Selectable Ranges: 3, 10, 30 and 100 VDC. LED lights
indicate the range in use.

» Zeroing Switch: Removes all charge from the input and brings the
meter to zero.

» Automatic Shutoff: Turns off about 3 hours after turned on (or
used in any way).

» Output Compatible with PASCO Interfaces: The interface
cable included with the electrometer connects directly to an analog
channel on a ScienceWorkshop interface, and connects to a
PASPORT interface through an Analog Adapter. This enables the
output signal from the electrometer to be recorded, displayed, and
analyzed by the data acquisition software.

» Battery Operation: 4 “AA” cells included. Range indicator lights
flash when batteries need to be replaced.

Includes:

e Shielded input cable to connect the Electrometer to the
Faraday Ice Pail or other source of charge

e Grounding cable with clip

e Interface cable

e |nstruction and experiment manual

Order Information

Basic Electrometer..........cccoeeeeeiiiiccciiccenen ES-9078A
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For 550/850 Interfaces and High Speed Sampling:

Voltage Sensor ui-5100/u-5110
Current Probe rs-2is4

When you’re measuring voltage and current in AC circuits and need to sample
fast, these sensors can sample as fast as 10 MHz on an 850 Universal Interface
and up to 2 MHz on a 550 Universal Interface. The Voltage Sensors plug into
the analog ports of these interfaces. The Current Probe is attached to the
Voltage Sensor to measure the voltage drop across a precision 0.10 Q resistor

and outputs the resultant current calculation.

Since the 850 Interface analog gain can be set to x1000, very small
currents (0.024 mA resolution) can be read with the Current Probe.

The 850 Universal Interface can measure at a rate of 10 MHz on
two channels simultaneously; 1 MHz on three or four channels
simultaneously. The 550 Universal Interface has a maximum

sample rate of 2 MHz on one channel;
1 MHz on two channels simultaneously.

even when voltage is not constant.

The high speed of the 850 Universal Interface, in Scope Mode, allows the examination
of time varying voltages in an RC circuit to verify that Kirchhoff’s loop theorem holds
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Voltage Sensor
UI-5100 (unshrouded)
UI-5110 (shrouded)

This voltage sensor plugs into any analog
channel on a ScienceWorkshop Interface,
the 850 Universal Interface, and the 550
Universal Interface. The voltage range

and frequency response depend on the
interface. When the Voltage Sensor is
plugged into either the 550 or 850 Universal
Interface, the sensor is automatically
recognized.

Specifications:

Voltage Range with 850 Interface:
+20 V AC/DC (850 Interface)

Voltage Range with other interface:
+10 V AC/DC (other than 850)

Product Pin Configuration: 8-pin DIN
plug. Probe ends are standard banana
plugs. Two alligator clip adapters included.

Order Information

Voltage Sensor

Current Probe

PS-2184
- -
Current Current
Current Voltage
Probe \ Sensor
(not included)

The PS-2184 attaches to any PASCO
voltage sensor to allow the measurement of
current between -4 A and +4 A. The probe
contains a precision 0.10 ohm resistor and
allows the precise measurement of the
voltage drop across the resistor.
Specifications:

Resistor: 0.10 Ohm, 3.0 W, 1.0%
Maximum Current: 4 A

Maximum Voltage Without Damage:
30V

Terminals: 4 mm Banana Jacks
Maximum Sample Rate:

Depends on interface

Current Sensor
Cl-6556

The Current Sensor determines the current
through it by measuring the voltage across
the internal 1.00 Q resistor. Up to 1.5 A can
be measured.

Specifications:

Maximum Current Input: 1.5 A
Maximum Differential Voltage: 1.5 V*
Maximum Common Mode Voltage: 10 V
Resolution: 5 mA (1X gain), 0.5 mA

Pin Configuration: 5-pin DIN on box

*DC or AC RMS (root mean square)

(unshrouded) .........ccoeevueueunnee UI-5100 - -

Voltage Sensor

(shrouded) .........oooeevveevenreenne UI-5110 Current Probe ...........cccvvennee. PS-2184 Current Sensor ..........ccvveevnee. Cl-6556
800.772.8700 (inside US) | +1916.786.3800 (outside US) 23
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Light Sensor

Cl-6504A

Applications:

» Measure relative light intensities in daylight
(even monitor a solar eclipse)

» Compare light intensity vs. distance
» Study interference/diffraction/polarization

PASCO’s Light Sensor is ideal for indoor and
outdoor relative light intensity experiments.

It can be used in a lighted room for most
experiments.

Specifications:
Sensing Element: Si PIN photodiode
Spectral Response: 320 nm to 1100 nm

Gain Levels: 100x, 10x, 1x, switch-
selectable

Output Voltage: 0 Vio 5V

Pin Configuration: 5-pin DIN plug on case
Maximum Light Intensity Levels (lux):
Approximate Lux 5, 50, 500

Resolution: 0.0001 lux maximum

Order Information

High-Sensitivity
Light Sensor
Cl-6604

Applications:

» Spectrophotometry

b Interference and diffraction patterns
» Measure light intensity vs. distance

The High-Sensitivity Light Sensor is
designed for experiments involving low light
level conditions.

Helium spectrum recorded using the High Sensitivity
Light Sensor and the 0S-8539 Educational
Spectrophotometer System.

Magnetic Field D
new Wireless
sensor 3-Axis Magnetic
Cl-6520A Field Sensor
on page 56.
» Measures radial or
axial fields

» High sample rate

PASCO’s Magnetic Field Sensor is sensitive
enough to detect Earth’s magnetic field.

Its application in the physics lab includes
measuring and plotting fields in single or
Helmholtz coils, solenoids, electromagnets
and magnets.

Features

) Measures radial or axial fields: Two
switch-selectable Hall Effect sensors
measure either radial or axial fields.

» Tare button: Zeroing or nulling out
existing fields is accomplished by just
pushing the Tare button.

) Three switchable ranges of
sensitivity: Full scale ranges of 10, 100
and 1,000 gauss.

) 7.5 cm Probe: Sensors are mounted at
the end of a fully encapsulated 7.5 cm long
probe.

Specifications:

Sensitivity:

+ 10 gauss (100X Gain),

50 mG resolution, 1 G Accuracy
+ 100 gauss (10X Gain),

Light SENSOr «.....eevverrrerrerrrn. Cl-6504A 50 mG resolution, 10 G Accuracy
Specifications: + 1000 gauss (1X Gain),
Sensing Element: Si PIN photodiode 500 mG resolution, 100 G Accuracy
Spectral Response: 320 nm — 1100 nm Measurement Modes: Axial and Radial
. ) . Probe Length: 7.5 cm
Gain Levels: 100x, 10x, 1x, switch- . i’ . )
selectable Pin Configuration: 8-Pin DIN plug on case
Resolution: 10 plux at the highest gain Order Information
level. Magnetic Field Sensor ......... CI-6520A
Gain Level: 100X Replacement:
Gain Level: 10X Zero Gauss Chamber ............. EM-8652
Gain Level: 1X
Maximum Sample Rate: Interface Zero Gauss Chamber
dependent EM-8652
Output Voltage: 0V to 5V )
This double-walled,
high permeability metal
chamber produces a zero
gauss field within the chamber.
By placing the Magnetic Field Sensor
probe into the chamber and pushing the
“Tare” button, the sensor may be zeroed.
Highly recommended for measurement of
Order Information Earth’s magnetic field.
High-Sensitivity Order Information
Light Sensor ..........ccccoeevevevrennes Cl-6604 Zero Gauss Chamber ............. EM-8652
24 more information at pasco.com



Index

Digital PASPORT Sensor Index

PASPORT Sensors:

» Have digital outputs that allow multiple measurements per channel with reduced noise

» Compatible with all current PASCO interfaces, as well as discontinued PASPORT interfaces

Sensor Description Product Page Sensor Description Product Page
P p " P p " PASPORT Sensor
Analog Adapter PS-2158 48 Magnetic Field PS-2112 38 Extension Cable
Angle Sensor PS-2139 39 Magnetic Field (2-Axis) PS-2162 38 PS-2500
Breath Rate PS-2187 41 Motion PS-2103A 28
Charge PS-2132 37 pH Sensor PS-2102 45
Chemistry Sensor, Photogate-Accessory ME-9204B 118
Advanced PS-2172 45 Photogate Head ME-9498A 27
Current, High PS-2193 36 Photogate/Pulley System ME-6838A 141
Current Probe PS-2184 36 Photogate Smart Gate PS2180 26 The PASPORT Sensor Extension Cable
Digital Adapter PS-2159 48 extends the distance a PASPORT sensor
: Pressure - Absolute PS-2107 32 can reach by 2 m. Two cables CANNOT be
Displacement Sensor PS-2204 31 Pressure - Dual PS-2181 32 connected together or used on a sensor that
EKG PS-2111 40 Pressure - Quad PS-2164 32 already has a cable.
Eth | PS-2194 41
- anc(; | P: 2222 . Pressure/Temperature PS-2146 32 Order Information
ow, General - .
’ Rotary Motion PASPORT PS-2120A 28
Flow, General ry PASPO_RT Sensor
w/Venturi Tube PS-2225 43 Salinity PS-2195 44 Extension Cable.............c.ccce..... PS-2500
w/Pitot Tube PS-2226 43 Soil Moisture PS-2163 44
Flow Rate/Temperature PS-2130 42 Spectrometer, Wireless PS-2600 60
Force PS-2104 29 Spirometer PS-2152 40 8-Pin DIN
Force, High Resolution PS-2189 29 Temperature PS-2125 33 Extension Cable
Force Platform PS-2141 30 Temperature - Fast Response PS-2135 33 Ul-5218
Force Platform (2-Axis) PS-2142 30 Temperature - Skin/Surface ~ PS-2131 33
Free Fall Adapter ME-9207B 127 Temperature - Stainless Steel PS-2153 33
Galvanometer PS-2160 37 Temperature - Quad PS-2143 33
Geiger-Muller SN-7927A 21 Temperature - Non-Contact ~ PS-2197 34
Goniometer PS-2137 39 Temperature - Type K PS-2134 34
Light, Broad Spectrum PS-2150 35 Thermocline PS-2151 42
Light, High Sensitivity PS-2176 35 Time-of-Flight Accessory ~ ME-6810A 27 The 1.8 m long Extension Cable allows
Light Infrared PS-2148 a5 ScienceWorkshop Sensors to be used
'ght, nirare - Voltage/Current PS-2115 36 further away from the interface. Multiple
Load Cell & Amplifier Sets PS-2199 145 Water Quality Colorimeter PS-2179 44 cables can be used in series. It is compatible
Load Cell Amplifiers PS-2198 31 with the 500, 750 (discontinued), and 850
Load Cell, 5N PS-2201 31 Interfaces.
Load Cell, 100N PS-2200 31 -
Order Information
8-Pin DIN Extension Cable ......... Ul-5218
800.772.8700 (inside US) | +1916.786.3800 (outside US) 25
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Smart Gate... /t's four photogates in one!
PS-2180

» Dual Photogate beams

» Photogate Tape Slot

» Daisy-chain auxiliary Photogate or
Time-of-Flight

The Smart Gate connects directly to any PASPORT interface, and

has an auxiliary port to daisy-chain to an additional Photogate. Can

be used with a cart picket fence, clamp on super pulley, and flexible

Photogate Tape.

Also see the
Wireless

Smart Gate
on page 52.

Aukxiliary port for Time-of-Flight
or other photogates

Connects directly to a PASPORT
interface.

High Resolution
Photogate Tape

ME-6666
Flexible picket fence

tape can be cut to
any length.

Slot for photogate tape

Direct measurement
of speed with single
Smart Gate.

Dual photogate beams.

———— e ——»
———— e ——»

Includes:

e Smart Gate

e PASPORT Cable
e |nterface Cord

Order Information

SMArt Gate .....c.cvvveeciec e PS-2180
Recommended:

Time-of-Flight ACCESSOrY ........ceviuririeiriciriciines ME-6810A
Photogate Tape, High Resolution (30 m)............... ME-6666
Required:

PASPORT Interface

Smart Gate System
PS-3701

Needs only one PASPORT connection.
Photogate daisy-chains to Smart Gate.

Includes:
e Smart Gate PS-2180
e Photogate Head ME-9498A

Order Information

Smart Gate System.........cccccoveeevirircee e PS-3701

Smart Gate Pulley System
PS-3702

The Super Pulley attaches directly to the Smart Gate, providing

a simple, low-friction system to measure position, velocity and
acceleration. Additionally, with the pulley removed, the photogate can
be used to perform standard photogate experiments.

Includes:

e Smart Gate: PS-2180

e Super Pulley: ME-9450A

e 45 cm Stainless Steel Rod: ME-8736

Order Information

Smart Gate Pulley System..........cccccovvvvrvcicrnnnne. PS-3702
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Picket Fence
ME-9377A

Conduct freefall experiments by
dropping this Picket Fence through the
PASCO Photogate.

The distance from the leading edge of
each black bar to the leading edge of
the next black bar is 5.0 cm. The Picket
Fence has eight black bars and is 40
cm long.

Order Information

PiCKEt FENCE ... ME-9377A

Cart Picket Fences
(2 Pack)

ME-9804

Order Information

Cart Picket Fences (2 Pack) -- IDS ...........ccccoevuve ME-9804

Picket Fences
(Smart Timer)
(Set of 2)
ME-8933

See Smart Timer on
pages 116-117.

Order Information

Picket Fences (Smart TImer) ........ccccovvvecvevevrirnnns ME-8933

Photogate Tape, High Resolution (30 m)
ME-6666

Flexible Mylar picket fence tape
can be cut to any length. Tape
slides into a Smart Gate to more
accurately measure the motion of
a cart.

Slide the photogate tape through

the slot to measure position,

velocity, and acceleration. The band

spacing on the tape is 1 cm from edge to edge.

Order Information

Photogate Tape, High Resolution (30 m)............... ME-6666
Recommended:
SMart Gate ......ccceevvevevieercceee e PS-2180

Photogate Head
ME-9498A

The Photogate Head monitors the
motion of objects passing through its
gate, counting events as the object
breaks the infrared beam.

Specifications:

Photogate Width: 7.5 cm

Fall Time: < 50 ns

Spatial Resolution: < 1 mm
Timing Resolution: 0.1 millisecond
Connector: Stereo phone plug

Order Information

Photogate Head .... ME-9498A
Recommended:
Photogate Stand ...........ccccoevvvvveccicccns ME-9805

Time-of-Flight Accessory
ME-6810A

The Time-of-Flight Accessory is
designed primarily for freefall or
projectile experiments. When an object
hits the plate, a signal is sent to the
interface. Note: When used with the
Projectile Launcher, a photogate is
used to start the timer and the 20’
extension cable is recommended.

Applications:

» Conduct freefall experiments

» Use with all PASCO launchers

» Horizontal Velocity is Constant

) Horizontal Distance (two Photogate Heads needed)
» Time-of-Flight Versus Initial Velocity

[ ]
o
Time °
t=139s Time of Flight Pad
\ [
i N
Order Information
Time-0f-Flight ACCESSOIY ....cvvvvviirieieieieiirireeans ME-6810A

Phone Jack Extender Cable
PI-8117

This six meter phone jack-to-phone jack
extension cord can be used with any
Photogate/Timing accessory.

Order Information

Phone Jack Extender Cable...........ccc.cocovvrererrinnnn PI-8117

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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PASPORT Motion Sensor
PS-2103A

The PASPORT Motion Sensor is used to
measure the position, velocity, and acceleration
of a target. The Motion Sensor can be set on a
desktop, mounted to a rod stand, or attached to
a PASCO Dynamics Track.

Specifications:

Minimum Range: 0.15 meters

Maximum Range: 8 meters

Resolution: 1 mm

Maximum Sampling Rate: 250 Hz

Transducer Rotation: 360°

Narrow Near/Far Switch Settings: For distances up to 2 meters to
reject false target signals or ignore air track noise.

Standard Near/Far Switch Settings: For longer distances up to 8
meters.

Cable Length: 1.8 meter

Mounting Options: Non-skid rubber feet for table mount

Order Information

PASPORT Motion Sensor ............cceveveveveueeierennns PS-2103A
Recommended:

Motion Sensor Guard .............ccceeeeeeecverereeeeennes SE-7256
Motion Sensor Bracket............cccceevevevereceeinnnne PS-2546
Cart Adapter ACCESSOTY.......cevevevevererererererrneaenas ME-6743

Motion Sensor Guard
SE-7256

Use this wire guard to protect the Motion Sensor
when dropping objects from above.

Order Information

Motion Sensor GUard ..............ccoeveeirirerivesrererenns SE-7256

Motion Sensor Bracket
PS-2546

This magnetic bracket allows a Motion Sensor to be
easily hung from a drop ceiling. Simply screw the
bracket into the 1/4”-20 threads on the sensor and
use the included adjustment nut to hold the sensor
in the desired orientation.

Order Information

Motion Sensor Bracket.............cccceeeviririiiiicienenns PS-2546

Cart Adapter Accessory
ME-6743

The Cart Adapter Accessory
allows the Motion Sensor and
many other sensors to be mounted
to a Dynamics Cart or a PAScar.

Order Information

Cart Adapter ACCESSOMY.......cvvvvrerererrererrererersesnans ME-6743

PASPORT Rotary Motion Sensor

PS-2120A __—Thumb Screw

Rod Stand Clamp —— Three-Step
Clamp can also be / Pulley

mounted on the right

or left side of the
o / Platform
Slot for Linear T~ for Mountin

Motion Accessory 9
PASCO Super Pulley

The PASPORT Rotary Motion Sensor is used to measure position

and motion within physics labs. It measures position, velocity, and

acceleration, both angular and linear, with incredible resolution and

accuracy. The maximum spin rate of 30 rev/sec and bi-directional

orientation enables the PASPORT Rotatory Motion Sensor to facilitate

the performance of most motion experiments

How it Works: The 6.35 mm diameter, dual ball-bearing shaft
extends from both sides of the unit, providing an excellent platform
for rotational experiments. The rod clamp, which can be attached to
three sides of the sensor, allows the unit to be mounted in almost any
orientation. A three-step pulley and a mount for the PASCO Super
Pulley make torque experiments easier than ever before.

Specifications:

Three-step Pulley: 10 mm, 29 mm, and 48 mm diameters
Sensor Dimensions: 10 cm x 5 cm x 3.75 cm, 6.35 mm
diameter shaft

Rotary Motion Resolution: 0.09° (0.00157 rad)

Linear Motion Resolution: 0.0078 mm

Maximum Rotation Rate: 30 revs/sec

Rotary Motion Optical Encoder: Bidirectional to indicate the
direction of motion; 4000 divisions/rev

Conservation
of Angular
Momentum

The angular speed of
the disk decreases
when the ring is

dropped onto the disk.

PASPORT Rotary Motion Sensor.............ccccccevune. PS-2120A
Recommended:

Linear Motion ACCESSOrY ........cvevrvrerereruerereeninens Cl-6688A
3-Step Pulley for Rotary Motion Sensor................ Cl-6693

Linear Motion Accessory
Cl-6688A

Includes:
e Rod Clamp
e Solid aluminum rack

Order Information

Linear Motion ACCESSOIY ........ccccevvrvererrerereirenennens Cl-6688A
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PASPORT High Resolution
Force Sensor

PS-2189

» 0.002 N resolution

» Dynamic over-sampling

The PASPORT High Resolution

Force Sensor offers a higher resolution than
the PS-2104. It features a variable over-
sampling rate that reduces measurement
noise at lower sampling rates. The digital
design minimizes drift, ensuring that the
tare holds for hours. You can use this force
sensor as a pan balance for long-term
experiments, such as investigating the
evaporation of liquids, like alcohol or liquid
nitrogen, and the sublimation of dry ice.

Specifications:

Range: +50 N

Measurement Resolution: 0.002 N
Zero (Tare) Function: Push-button

Max Sample Rate: 1000 Hz; 5000 Hz for
the 550 and 850 interfaces

Force Overload Protection: Up to 75 N

Graph shows force data for the
oscillation of a mass and spring system.

The High Resolution Force Sensor has 10
times the resolution of the PS-2104, and
can measure changes in force of less than
0.01 N.

The digital design of the PS-2189 results in
very little drift, ensuring that the tare will

hold for hours. You can use this force

sensor as a pan balance for long-term
experiments, like investigating the
evaporation of liquids such as alcohol or
liquid nitrogen, and the sublimation of dry ice!

Order Information

PASPORT High Resolution

Force Sensor ..........ccc...... PS-2189

Shown in use with:

Mass and Hanger Set........ ME-8979 p. 201
IDS Spring Kit .........ccccve.e.e ME-8999 p. 171

Force Sensor
Balance Stand
Cl-6460

Includes:
e Metal Force Sensor Stand
e Pan Balance

Order Information

Force Sensor Balance Stand ...... Cl-6460

Force Sensor
PS-2104
» Binocular force beam

minimizes side force

measurements
The sensor includes an overload stop in the
force beam and a polycarbonate, plastic
case to protect it from damage. Finger
holes are provided for handheld use, but the
sensor can also be mounted directly to a
PASCO Dynamics Cart or a 0.5" rod stand.
Applications:

» Measure force exerted by an oscillating
mass

» Measure force during elastic and inelastic
collisions

» Measure force of a swinging pendulum

Specifications:

Range: +50 N

Resolution: 0.03 N

Zero (Tare) Function: Push-button

Max Sample Rate: 1000 Hz; 5000 Hz for
the 550 and 850 interfaces

Force Overload Protection: Up to 75 N
without damage

This graph displays Newton’s Third Law during a
“Tug of War” experiment.

Order Information

PASPORT Force Sensor .............. PS-2104
Replacement:

Force Sensor Track Bracket ....... ME-6622
Rocket Engine Test Bracket........ ME-6617

Rocket Engine Test Bracket

ME-6617

» A perfect supplement for rocketry studies

With the Rocket Engine Test Bracket
attached to a Force Sensor
(ScienceWorkshop or PASPORT), students
can measure and graphically display the
impulse of Estes™ and other model rocket
engines. A perfect supplement for rocketry
studies. Accommodates rocket engine sizes
A, B, CandD.

Test
Bracket

Order Information

Rocket Engine Test Bracket........ ME-6617

Bumper Accessory Set
ME-9884

Includes:

o Stiff Spring

e | ight Spring

e Empty Cup (2)

e Modeling Clay

Order Information

Bumper Accessory Set........... ME-9884

Magnetic
Bumper Set
ME-9885A

Includes:
e Magnetic Bumper (2)

Order Information

Magnetic Bumper Set............. ME-9885A

Force Sensor

Track Bracket
ME-6622

Includes:

e Spring Bumpers (2)
(different spring constants)

e Magnetic Bumper

e Rubber Bumper

e Clay Cup for Inelastic Collisions
(clay included)

e #0 Phillips Head Screwdriver
(to attach to Force Sensor)

Order Information

Force Sensor Track Bracket ....... ME-6622

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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PASPORT Force Platform

PS-2141

» Rugged design

» Force overload protection

» Large jumping and landing surface

The sturdy, glass-filled nylon platform

is supported by four force beams that measure the total force acting
on the platform. You can use the Force Platform to measure the static
weight of a structure or person, as well as the dynamic, vertical force
created when moving or jumping. The platform can be placed on a
floor or tabletop to measure vertical force, and mounted to a wall to
measure horizontal force.

Impulse data
for a bouncing
playground ball.

Applications:

» Determine hang time by jumping from and landing on the platform

» Measure impulse and maximum force

» Measure the normal force acting on a person riding an elevator

» Use two Force Platforms to investigate Newton’s Third Law

» Use a Motion Sensor and a ball to compare the impulse and
change in momentum as the ball collides with the platform

Specifications:

Range: -1100 N to +4400 N

Force Overload Protection: up to 6600 N (1500 Ib,

1700 N or 375 Ib per beam)

Platform Size: 35 cm x 35 cm

Zero (tare) Function: Push-button

Max Sample Rate: 1000 Hz (2000 Hz with the 850 Interface)

Resolution: 0.1 N

Mass: 4 kg (without handles)

Order Information

PASPORT 2-Axis Force Platform

PS-2142
» Large jumping and
landing surface
The 2-axis Force Platform has a
second plate that rides on rollers on
the base force platform to measure the
force parallel to the platform. There are a total of five force beams:
four corner beams to measure the normal force and a fifth beam to
measure the parallel (sideways) force.

Applications:

» Measure the sideways force during a broad jump

» Measure the normal and parallel forces on a wall as a ladder leans
against the wall

» Measure the normal and parallel forces as a person walks or runs
across the platform

» Pull an object across the platform and measure the normal and
frictional forces

Developed in

cooperation with
The normal Nancy Beverly,
and parallel Associate
forces are Professor of
recorded Physics at Mercy
as the girl College, Dobbs
jumps off the Ferry, New
platform. York.

Specifications:
Range: -1100 N to +4400 N
(in normal direction)
-1100 N to +1100 N
(in parallel direction)
Platform Size: 35 cm x 35 cm
Platform Mass: 6.4 kg (without handles)
Zero (tare) Function: Push-button Force Overload Protection
Max Sample Rate: 1000 Hz (2000 Hz with the 850 Interface)
Resolution: 0.1 N

Order Information

PASPORT Force Platform............cccoovvvvivicciininns PS-2141 PASPORT 2-Axis Force Platform.............ccccceevene. PS-2142

Recommended: Recommended:

Handle Set, Force Platform............ccocoevveiicuennns PS-2548 Handle Set, Force Platform............cccccocvvvievvncnnnne PS-2548
Handle Set, Force Platform By standing Force Platform

on a 2-Axis

PS-2548 Forto Platfomm Structure Bracket
Confirm Newton’s Third Law by pushing while pushing ME-6988A
on a Force Platform using two sets of aga///nstlt;h ¢ Includes:
handles (available separately). Handles ; T, Vg a )
bolt onto the Force Platform and can be 'PI;(’;OH‘;’CZ * Brackets (2)

mounted on either side or both sides.

real-life statics
problem can
be analyzed.

Includes:
e Sturdy metal handles (2)

Order Information

Handle Set, Force Platform

e Screws (4)

Order Information

Force Platform Structure

......... PS-2548 Bracket........coo.ccoevevevcrsvenneennn. ME-6988A
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Two ranges of load cells

Load Cell 100 N

Also see the
PS-2200 Wireless
Load Cell
Load ce" 5 N on page 53.
PS-2201
Load Cell 5N
21/4”
Load Cell
l /100N

Load cells are available in two different
ranges: £100 N and +5 N. Both types
of load cells can be used with the same
amplifier in any combination. The semi-
transparent case lets students see the
strain gauge and beam inside.

I-Beams key into the load cell and are fastened with
thumb screws.

PS-2200 Specifications:
Range: +100 N

Accuracy: +1% (+1 N)
Resolution: 0.02 N

Safe Overload: +150 N

PS-2201 Specifications:
Range: +5 N

Accuracy: +1% (+0.05 N)
Resolution: 0.001 N

Safe Overload: +7.5 N

Order Information

100 N Load Cell
5N Load Cell.....cccoovvvrerererrinnns

PASPORT Load Cell
Amplifier
PS-2198

This Load Cell Amplifier can

accommodate up to six load cells

and utilizes a single PASCO interface port
to connect to a computer's USB port.
Students can insert up to six load cells

at various points of their structures to
extensively analyze their bridges. The
Amplifier is compatible with both 5 and 100
N Load Cells, and features a maximum data
sampling rate of 500 Hz per port.

Shown in use with
Structures systems
Truss Set
(ME-6990).

See page 157

The top two numbers
are the left and right
diagonals and the
bottom two numbers
are the left and right
horizontal forces.

Includes:
e PASPORT Load Cell Amplifier (PS-2198)
e |nstruction manual

Order Information

PASPORT Load Cell Amplifier .....PS-2198
Required:

100 N Load Cell.........cccvvnneee. PS-2200
5N Load Cell.......cccevvererrcrrnnene. PS-2201

PS-2199 Includes:

e | oad Cell Amplifier
e 100 N Load Cell (4)
e |nstruction Manual

Order Information

Load Cell and Amplifier Set........ PS-2199

PASPORT Dual Load Cell
Amplifier

PS-2205

Includes:

e Dual Load Cell Amplifier
e Load Cell 100N

PS-2206 Includes:

e | oad Cell Amplifier
(2-port)

e 100 N Load Cell

PASPORT Dual Load Cell
AMPIIfier.....cceeveeiicceee PS-2205
PASPORT Load Cell and
Dual Amplifier Set............coene... PS-2206

Measure bridge deflection
with a Displacement Sensor

PASPORT Displacement
Sensor

PS-2204

The Displacement Sensor measures the
travel of a spring-loaded indicator as a
bridge is loaded with weight. The PASPORT
Sensor plugs into the included Digital
Indicator, which has its own digital LED
readout and can be used as a standalone
device. To record your data, simply plug the
PASPORT sensor into an interface.

Specifications:

Maximum Travel: 10 mm
Maximum Sample Rate: 5 Hz
Resolution: 0.013 mm (0.0005 in)

Includes:
e Sensor

e Bracket

e Dial Gauge
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Order Information

PASPORT Displacement

Shown in use with:
Hooked Mass Set.......... SE-8759 p. 197

Small “A” Base ............. ME-8976 p.186
Stainless Steel Rod,
60 cm Threaded ........... ME-8977 p. 186

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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PASPORT Absolute
Pressure Sensor

PS-2107

The Absolute Pressure
Sensor measures the gas pressure in a
container or the surroundings. Includes a
20 cc syringe and quick-connect tubing for
investigating the Gas Laws. The sensor’s
wide range makes it an excellent general
purpose pressure device.

Applications:

» Measure chemical reaction rates

» Verify Gas Laws (Ideal, Charles’, Boyle’s)
» Study Vapor Pressure vs. Temperature
Specifications:
Range: 0 to 700 kPa
Accuracy: +2 kPa
Resolution: 0.1 kPa
Maximum Sample Rate:
200 Hz

Repeatability: 1 kPa

The Absolute
Pressure Sensor is
used in a Boyle’s
Law experiment in
which a syringe is
compressed.

Order Information

PASPORT Absolute Pressure

SBNSOM ... PS-2107
PASPORT Dual Pressure
Sensor
PS-2181

The Dual Pressure
Sensor is capable of reading two absolute
pressures, one gauge pressure, or one
differential pressure. Dynamic variable
over-sampling automatically reduces the
measurement noise at low sampling rates.
Sample rates up to 1000 Hz make studies of
both transient and steady-
state pressure possible.
Includes quick-connect
tubing.
Applications:
» Measure pressure in

Heat Engine (TD-8572).
» Measure pressure drops in pipes
Specifications:
Maximum Sample Rate: 1000 Hz
Absolute Pressure: 0 to 200 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)
Differential Pressure: +100 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)

Order Information

PASPORT Quad Pressure
Sensor
PS-2164

The 4-port Quad Pressure Sensor is capable
of reading up to four absolute pressures,
two gauge pressures, or two differential
pressures. Dynamic variable over-sampling
automatically reduces the measurement
noise at low sampling rates. Sample rates up
to 1000 Hz make studies of both transient
and steady-state pressure possible. Includes
quick-connect tubing.

Applications:
» Study pressure through a fluid circuit

Specifications:

Absolute Pressure: 0 to 200 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)
Differential Pressure: +100 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)
Maximum Sample Rate: 1000 Hz

The pressure at various points in a Venturi tube
decreases as the water flow is turned on. Pressure
variability due to cross-sectional area and fluid friction
are readily seen in the data.

Order Information

PASPORT Absolute
Pressure/Temperature
Sensor

PS-2146

This combination sensor is specifically
designed for studying the Ideal Gas Law.
The included thermistor temperature probe
has a fast response time and very low
thermal mass.

Applications:

) Extrapolate absolute zero
) Explore Gas Laws (Ideal, Charles’, Boyle’s)

Specifications:

Pressure: 0 to 700 kPa with +2 kPa
accuracy, 0.1 kPa resolution and 1 kPa
repeatability (displays pressure in kPa, N/m?,
and psi)

Maximum Sample Rate: 100 Hz
Temperature with Included Fast
Response Probe: -10 to 70°C

with £0.5°C accuracy

(displays Temperature in °C, K and °F)
Sensor Extension Cable: Included

Extrapolating Absolute Zero

Measure
pressure and
temperature
of air in the
sphere.

Order Information
PASPORT Absolute Pressure/
Temperature Sensor ....... PS-2146

PASPORT Quad Absolute Zero Sphere......TD-8595 p. 206
PASPORT Dual Pressure Pressure Sensor ........... PS-2164 Ideal Gas Law
S ET 10 PS-2181 Venturi Tube ME-2220 p.43 Apparatus.........cccceeevneee TD-8596A p. 206
32 more information at pasco.com



PASPORT

Also see the
Temperature Ll

Temperature
Sensor Link on
PS-2125 L

PASCOQO’s Stainless Steel Temperature
Sensor offers a superior range, resolution
and accuracy. It reports temperature (in °C,
°F, or K) whether it is immersed in liquids,
held in the air, or touching a solid surface.

Applications:
» Conduct general temperature experiments

» Measure rapid temperature changes found
in endothermic-exothermic reactions

» Conduct environmental studies

Capstone graph showing the temperature inside a
parked car on a summer day. We turned on the air
conditioning when we drove to lunch.

Specifications:

Range: -35°C to +135°C
Accuracy: +0.5°C

Resolution: 0.0025°C
Maximum Sample Rate: 10 Hz
Displays: °C, K and °F
Repeatability: 0.1°C

Order Information
PASPORT
Temperature Sensor .................. PS-2125

PASPORT Quad
Temperature Sensor
PS-2143

The PASPORT Quad Temperature Sensor
can connect up to four Temperature
Probes and can be used with our Stainless
Steel, Fast Response, and Skin/Surface
Temperature probes for a wider variety of
temperature measurements in the classroom
or field.

Applications:

» Thermal heat flow (one or two dimension)
» Compare body temperatures

) Side-by-side chemical reactions

» Solar radiation

» Properties of insulation

Specifications:

Accuracy: -35 to +135°C at +0.5°C
Displays: °C, K and °F
Resolution: 0.0025°C

Maximum Sample Rate: 100 Hz

3436 38 40 42 44
Tirne( minutes )

Four Fast Response Temperature Probes were used
to study the temperature in a glass of water at four
different levels as the water was cooled.

Includes:

e Two Stainless Steel Temperature
Probes (2)

e Three Fast Response Probes (3)

Order Information
PASPORT Quad
Temperature Sensor .................. PS-2143

Temperature Probes

PASPORT Skin/Surface
Temperature Probe
PS-2131

» Flat sensing
element ideal
for surfaces

» Quickly reaches equilibrium temperature
with surface

Range:
-10 to +70°C

Make a temperature
profile of the
human hand.

Order Information

PASPORT Skin/Surface
Temperature Probe.................... PS-2131

PASPORT Fast Response
Temperature Probe

(3 pack)

PS-2135

» Accurately
measures
temperature
changes in real time

» Ideal for small or hard-to-reach spaces
» Includes 10 Adhesive Patches

» Adhesive patches hold the Temperature
Probe in place.

Range: -30 to +105°C

Order Information

PASPORT Fast Response Temperature
Probe (3 pack) ........cccoeeeeuririnenee PS-2135

PASPORT Stainless Steel
Temperature Probe
PS-2153

Range: -35 to +135°C

Order Information

PASPORT Stainless Steel
Temperature Probe.................... PS-2153

Order Information

“All of the probes above require one of the
following temperature sensors:

PASPORT Temperature

SENSON ... PS-2125 p.33
PASPORT Quad Temperature
SENSON...vcveueeiereiererenns PS-2143 p.33
Temperature Sensor ..... CI-6605A p. 22

800.772.8700 (inside US) |

+1916.786.3800 (outside US) 33
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Temperature

PASPORT Non-Contact Temperature
Sensor
PS-2197

» Non-contact
) -70°C to 380°C

The Non-Contact Temperature Sensor measures surface temperature
by detecting the emitted infrared light. Record the temperature of
objects without touching them!

Applications:

) Compare temperature of hands, skin, face, and clothes

» Measure the temperature of different outdoor ground surfaces
» Map the temperature profile of an exterior wall

Specifications:

Range: -70°C to 380°C
Accuracy: +0.5°C

Response Time: Less than 0.1 s
Maximum Sample Rate: 200 Hz
Field of View: +35°

The student measures the late-morning
ground temperature over four distinct
surfaces. Starting in the shade under the
distant tree, she then crosses bare dirt (in
sun), a rock border, pavement, and lawn.

Pavermnent Shade

Termperature] Deg C )

Shade Under Tree
0
[t} 5 10 15 20 2% 30 3% 40 45 &0 55
Time(s)

Ground Temperature

Order Information

PASPORT Temperature Type K Sensor
PS-2134

» Extra-long probe

The PS-2134 is a single

channel sensor that uses

the same Type K

thermocouple probe as the
PS-2127 shown on this page.
Includes one Type K Thermocouple.

Applications:
» Measure temperatures down to -200°C
» Measure temperatures in hard-to-reach places

» Use in high temperature applications where the narrow tip of the
probe can be applied without burning the insulation cover (such as
a candle flame)

Specifications:

Temperature Range: -200°C to +1000°C
Maximum Sample Rate: 10 Hz
Accuracy: +3°C or 3%, whichever is greater

The Type K Temperature Sensor can be used to
measure the temperature of a flame. Works with any
industry standard Type K thermocouple.

Order Information

PASPORT Non-Contact Temperature Sensor................. PS-2197 PASPORT Temperature Type K Sensor .................. PS-2134

Shown in use with: Recommended:

PASCO Capstone SOftware..........cccovvereeeieennininccininnns pp. 72-75 Type K Thermocouple ..........ccceevererenccenieininecnns PS-2155
34 more information at pasco.com



PASPORT High Sensitivity
Light Sensor
PS-2176

» Ideal for low light
experiments

The High Sensitivity Light Sensor is
designed to perform visible light studies from
low intensity spectral studies to daylight.
Built-in automatic variable oversampling
reduces noise.

Applications:

» Spectrophotometry

) Interference and diffraction patterns
» Measure light intensity vs. distance

Specifications:

Sensing Element: Si PIN photodiode
Spectral Response: 320 nm to 1100 nm
Gain Levels: 10,000x, 100x, 1x, switch
selectable

Approximate Lux Ranges: 0 to 1, 0 to
100, 0 to 10,000

Maximum Sample Rate: 1000 Hz
Resolution: +0.01 Lux at 1000 Hz on

0 to 100 scale; +0.0005 Lux at 5 Hz on
0 to 100 scale

40

35 SINGLE-SLIT DOUBLE-SLIT
DIFFRACTION INTERFERENCE
30 ENVELOPE FRINGES

Light Intensity

o

0

5

T T T T
0.020 0.040 0.060 0.080
Position, Ch1&2(m )

Computer scan of a single-slit and double-slit having
the same slit width.

Order Information

PASPORT High Sensitivity
Light Sensor..........cccccevvineenee. PS-2176

PASPORT Infrared Light
Sensor
PS-2148

» For heat studies

The Infrared Light Sensor is sensitive in

the infrared portion (up to 40,000 nm) of
the spectrum, but also detects the visible
spectrum. It can detect the radiation from a
person’s hand. The response is linear over
its entire frequency range.

Applications:

» Measure blackbody radiance

) Perform Leslie’s Cube experiments

» Measure solar radiance

) Evaluate heat flow into or out of the sensor

» Simulate a non-contact temperature
sensor

Specifications:

Measure Intensity: in Watts/Meter
Maximum Sample Rate: 100 Hz
Spectral Response: 580 to 40,000 nm
Built-in Thermistor: to measure the
temperature of the “cold” side of the
thermopile in °C, °F or K

Order Information

PASPORT Infrared
Light Sensor ........ccccoeveveeeuenene. PS-2148

PASPORT Broad Spectrum
Light Sensor
PS-2150

» For use with
Spectrophotometer

» Ideal for Blackbody
Spectrum

The Broad Spectrum Light Sensor is
designed specifically for use with our
Educational Spectrophotometer System
0S-8539 and Prism Spectrophotometer
Accessory 0S-8543 for Blackbody
experiments. The Broad Spectrum Light
Sensor uses a thermopile and window
combination that respond to both the near
infrared and visible light necessary for the
Blackbody experiment.

Applications:
» Blackbody Experiment

Specifications:

Sensing Element: BaF, window, xenon
gas-filled thermopile

Spectral Response: 300 to 10,000 nm
Maximum Sample Rate: 100 Hz
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The classic textbook diagram of the intensity versus
wavelength blackbody curves can be produced with
real data. In this graph, the peak wavelength in the
blackbody curve shifts as the source temperature is
lowered.

Order Information

PASPORT Broad Spectrum
Light Sensor..........cccccevcerennene PS-2150

800.772.8700 (inside US) | +1916.786.3800 (outside US)
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PASPORT Voltage-Current Sensor

PS-2115

Also see the
Wireless Current
and Voltage

Sensors on
page 57.

The PASPORT Voltage-Current Sensor combines voltage and current
sensors in one case. It can simultaneously measure voltage, current,
and power, then display the collected data in the form of a digital
display or graph. An audible beep can be heard when overload
protection shuts down the sensor, alerting teachers and keeping
students safe. The sensor will automatically reset after the high
current is removed.

Applications:

» Study circuit properties for both circuits in series and parallel

» Ohm’s Law

» Measure power used by an electrical device

» Indirectly measure the resistance of any circuit element

» Measure the voltage and current associated with RC and
LRC circuits

Specifications:

Voltage Range: +10 V

Voltage Resolution: 0.005 V

Current Range: +1 A

Current Resolution: 0.5 mA

Current Channel Series Resistance: 0.6 ohms,

< 0.9 ohms at room temperature

Maximum Common Mode Voltage: 10 V

Maximum Sample Rate: 1000 samples/sec

Voltage Input Impedance: 2 MQ

Order Information

PASPORT Voltage-Current SENSor.........ccccovvvvvvvvviveverenes PS-2115
Recommended:
Alligator Clip Leads (Set 0f 10)......ccccecevervcrcrerrirerienen EM-8634

PASPORT Current Probe
PS-2184

The PS-2184 attaches
to any voltage sensor to

allow the measurement - P R—
of current between -4 Current Current
A and +4 A. The probe

contains a precision

0.10 ohm resst_or and Current \ Voltage
allows the precise Probe Sensor

measurement of the
voltage drop across
the resistor.

(not included)

Specifications:

Resistor: 0.10 Ohm, 3.0 W, 1.0%

Maximum Current: 4 A

Maximum Voltage Without Damage: 30 V
Terminals: 4 mm Banana Jacks

Maximum Sample Rate: Depends on interface

Order Information

Current Probe PS-2184

PASPORT High Current Sensor

PS-2193

» 10 Amp
» Over-current LED

The High Current Sensor has a low (0.01 Q) resistance sensing
element, can measure up to 10 A, and has an LED over-current
indicator. Dynamic variable over-sampling greatly reduces the
measurement noise at low sample rates.

Specifications:

Current Range: +10 A, resolution of 0.5 mA

Sensing Element Series Resistance: 0.01 Q

Maximum Common Mode Voltage: 10 V

Maximum Continuous Current Without Damage: 12 A
Maximum Continuous Overvoltage Without Damage: +40 V
Maximum Sample Rate: 1000 samples/second

g.0
g 6.0
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o 40
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Capacitor Discharge

The capacitor is charged with a power supply to 10 volts, and then discharged
through the Air Core Solenoid. The graph of the data shows the effect of the
coil’s inductance on the rise time of the current.

Order Information

PASPORT High Current SEnsor.............ccccoeveennn. PS-2193
Recommended:

Capacitor (0.025 F, 2 Pack) .........cccceveveevcrcrennne. EM-8632 p. 229
Knife SWItChES........ccvoveveiicccciccccccece EM-8815 p. 227
Air Core S0len0id ...........ccovevereuererreeeeeciereeeeeeenes SE-7585 p. 237
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Galvanometer/Charge

PASPORT Galvanometer PASPORT Charge Sensor
PS-2160 PS-2132

) Ideal for Electrostatics

The Charge Sensor is designed for

experiments in electrostatics such as

inductive charging, charge production/distribution, and charge on a
capacitor. The sensor features automatic scaling, eliminating the need
for a gain switch. Designed with highly efficient input over-voltage
protection, the Charge Sensor is virtually “blow-out” proof and will
provide many years of use in the student lab.
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The Galvanometer Sensor is designed to measure small voltages When used with the Faraday Ice Pail, the Charge Sensor can
with high resolution. Dynamic variable over-sampling greatly reduces measure the total charge on an object by the induction method.
the measurement noise at low sampling rates. Shunt resistors are

h The Charge Sensor can also be used as a high impedance voltmeter
included to allow measurement of current.

(102 Q). It includes a 0.9 m shielded cable with alligator clips to
eliminate stray fields.

Specifications:

Voltage Range: 2000 mV, resolution of 0.1 mV Applications:
Maximum Sample Rate: 1000 Hz with other interfaces » Measure charge by induction
Input Impedance: 1 MQ » Quantify the charge on a capacitor plate

» Discover the charge distribution on a conducting sphere

Specifications:

Charge Range: +0.1 pC

Voltage Range: +10 V

Input Resistance: 10

Maximum Input Voltage: 150 V

Maximum Sample Rate: 100 Hz

Input Connector: BNC

Input Cable: 0.9 m length; shielded with alligator termination

@ Voltage, Cha_ Run #3

Galvanometer Sensor can measure the voltage drop across a short piece of wire.

A linear fit of voltage versus current yields the resistance of 0.0093 Q for the wire. The Charge Sensor

measures equal yet
opposite charge on
two objects.

By using a shunt resistor, the Galvanometer
Sensor can be used to measure current.

Includes:

e BNC-to-banana plug cable

e BNC-to-banana jack adapter
* 0.1 O and 10 Q resistors

Order Information Order Information

PASPORT Galvanometer PS-2160 PASPORT Charge Sensor...........ccceeurereereeeeneneranas PS-2132
Recommended: Recommended:
Alligator Clip Leads (Set 0f 10)........ccccccovererrrereccncnnnee. EM-8634 Faraday Ice Pail ............ccoooiiiiiice ES-9042A  p.215

800.772.8700 (inside US) | +1916.786.3800 (outside US) 37



PASPORT Magnetic Field Sensor
PS-2112

Also see the
Wireless 3-Axis
Magnetic Field

Sensor on
page 56.

The Magnetic Field Sensor provides magnetic field measurement in
a compact package. The sensor at the tip of the probe measures
magnetic field strength along the axis of the probe.

%)
oc
o
%)
=
Ll
7
=
=
T
=)

Applications:

p Study the field strength of bar magnets and electromagnets
» Understand the field strength of a solenoid

» Measure the field strength of a Helmholtz coil

Specifications:
Range: +1000 gauss

Accuracy: +3 gauss or 5% of reading, whichever is greater at 25°C
(after four minute warm-up)

Resolution: 0.1 gauss (0.01% full-scale)
Maximum Sample Rate: 20 Hz
Repeatability: 0.05%

As the magnet is removed from the coll,
a voltage is induced in the coil. The
graph shows both the sudden decrease
in magnetic field, as well as the voltage
curve using a Voltage/Current Sensor.

Shown with: SPARKlink Air (PS-2011), Coil (3200
turn; SF-8613), Bar Magnet (EM-8620), and
Voltage/Current

Sensor

(PS-2115).

Order Information

PASPORT Magnetic Field Sensor.............cccocvuune. PS-2112
Recommended:
Zero Gauss Chamber ........cceevevevvvvvevevereeeeeeennns EM-8652

Zero Gauss Chamber
EM-8652

This double-walled, high permeability metal

chamber produces a zero gauss field within

the chamber. By placing the Magnetic Field Sensor

probe into the chamber and pushing the “Tare” button, the
sensor may be zeroed. Highly recommended for measurement
of Earth’s magnetic field.

Order Information

Zero Gauss Chamber ..........cccoceeveevcceesisesencnens EM-8652

PASPORT 2-Axis Magnetic Field Sensor
PS-2162

» Measures radial and axial fields
» Tare button

Measure radial and axial fields simultaneously. Dynamic variable over-
sampling greatly reduces noise at low sample rates.

Applications:
» Measure Earth’s magnetic field.

» Measure magnetic field (magnitude and direction from a coil or a
bar magnet).

Specifications:
Range: +1000 gauss

Accuracy: 5% of reading at 25°C (after four minute warm-up and
Tare using Zero Gauss Chamber)

Resolution: 0.01 gauss at 10 Hz
Maximum Sample Rate: 1000 Hz
Repeatability: 0.05%

Magnetic field is measured
from the center out to twice
the radius of the coil. The
angle of the resultant field is
calculated.

Order Information

PASPORT 2-Axis Magnetic Field Sensor ............... PS-2162
Recommended:

Zero Gauss Chamber ........ccvevevveveeveceereieeeeeenens EM-8652

Linear Motion ACCESSOrY ........ceevrvrvrureererereennns Cl-6688A p. 28
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Human Arm Model

PS-2611

» Working model of the
human arm

» Associate tricep/bicep
muscle action with
arm motion

» Measure torque
resulting from lifting
weights

» Actually throws a ball

The Human Arm Model simulates the muscles and motion of an
actual human arm. To activate the arm motion, students pull on the
cord with a Force Sensor. Changes in position are measured at the
shoulder and elbow using the two built-in potentiometers plugged
into one Angle Sensor (PS-2139), included with PS-2611. From

this information, the torque applied when lifting an object can be
determined. Also, students can evaluate the work done by the arm in
throwing a ball and the resulting kinetic energy delivered to the ball.

The Arm can perform many types of motion such as extending and
lifting an object, curling, or throwing a ball overhand. Different arm
muscles are activated depending on which pulleys are selected.
Static force measurements can also be made to see how the muscle
tension changes at various arm positions.

Angles and Forces During
Extension: The upper
graph shows the angles

of the elbow (violet trace)
and the shoulder (blue)

as the arm is extended as
shown in the picture below.
Shown in the lower graph,
the bicep tension (red) has
little change at first and
then rises sharply as the
arm reaches out, while the
tricep tension (green) rises
Steadily.

Includes:
e Human Arm Model
* Angle Sensor PS-2139

Order Information

Human Arm Model PS-2611
Required for force measurement:
Wireless Force Acceleration Sensor......................... PS-3202  p.53

PASPORT Goniometer Sensor

PS-2137

» Accurately
measures
joint movements
» Flexible mounting
options for hip, knee, and elbow

» Flexible mounting options
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The PASPORT Goniometer Sensor allows students to use their own
bodies to contextualize physics. The Goniometer can be connected
to knee, hip, or elbow joints to measure angle changes throughout a
variety of movements. It can be used to measure the angular position,
velocity, and acceleration of an arm or leg.

The PS-2137 includes one Angle Sensor (PS-2139) and one
Goniometer Probe with a Velcro connection kit. An add-on
Goniometer Probe (PS-2138) must be purchased to measure the
motion of two joints simultaneously.

Specifications:

Range: 0 to 340°

Accuracy: +1° (calibrated), +3° (uncalibrated)
Resolution: 0.1°

Maximum Sample Rate: 500 Hz

Developed in cooperation with Nancy Beverly,
Assistant Professor of Physics at Mercy
College, Dobbs Ferry, New York.

See page 143 for
more information.

Order Information

PASPORT Goniometer SEnsor..........cccovvvrvverveverenas PS-2137
Recommended:
PASPORT Goniometer Probe..........ccccoveveveeueerennns PS-2138

Also available separately:
PASPORT Angle Sensor
PS-2139

The Angle Sensor measures angle by measuring resistance. It has
two ports to accept two Goniometers (PS-2137) or the two probes in
the joints of the Human Arm (PS-2611).

Order Information

PASPORT Angle SENSor...........cccceuevrereereeerersnsanns PS-2139

800.772.8700 (inside US)
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Physiology

PASPORT EKG Sensor

PS-2111

The EKG Sensor

measures electrical

signals produced by the heart.

As cardiac muscle depolarization

and repolarization occur, the EKG trace graphically illustrates the
beating of the heart. The sensor comes with 100 self-adhesive
conductive patches that are easily removed from the skin after use.

Applications:
» Generate a personal EKG graph
» Compare EKG graphs before and after mild exercise

Specifications:
EKG Waveform Voltage: O to 4.5 mV
EKG Waveform Resolution: 4.5 pvV
EKG Waveform Sample Rate:
50 to 200 samples per second (sps)
EKG Waveform Default Sample Rate:
200 samples per second (sps)
Heart Rate (Beats) Range: 47 to 250 beats per minute (bpm)
Heart Rate (Beats) Resolution: 1 beat per minute (bpm)

PASPORT Spirometer
PS-2152

With our Spirometer

Sensor, students can

easily measure flow

rate, pressure, and lung

volume, making it perfect

for human physiology

courses. The mouthpiece

and sensor are designed

for the safe and accurate

measurement of both airflow out (expiration) and airflow in (inspiration).
This sensor uses disposable mouthpieces for student safety and
includes two. Extras are available in convenient packs of ten.

Applications:

» Compare a student’s airflow before and after exercise
» Investigate the lung volume of athletes vs. non-athletes
» Compare smokers vs. non-smokers

» Conduct respiratory experiments

» Determine total lung capacity

Features:

¢ Displays volume in liters

e Minimal resistance to air flow

e Bi-directional air flow

e Sample Rate Range: 50 to 100 Hz

Measuring
lung
capacity
5.5
5.0
Note: The EKG Sensor has
been designed for educational 45
purposes only and is not suitable
for medical diagnoses. —AE
% 38
£
=30
s
%jz.s
2.0
1.8
Additional EKG Electrode
Patches (CI-6620) may be 10
ordered separately.
4 6 8 10 12 14 16 18 20 22
Time(s)
Replaceable mouthpiece clips Lung Volume
Order Information Order Information
PASPORT EKG SENSOF ......cocveeiiiiiererererceeeesesisveresenes PS-2111 PASPORT SPIrOMEter .......ccccvevvvveriivcrerereieeeeeesieeevevenes PS-2152
EKG Sensor Electrode Patches ............cccocoevvninicininne Cl-6620 Spirometer Mouth Piece Replacements (10)................. PS-2522
40 more information at pasco.com



Biology

PASPORT Breath Rate Sensor
PS-2187

Also see
the Wireless
Blood Pressure

Sensor on
page 61.

» Works while exercising

The Breath Rate Sensor measures breath rate by sensing the
pressure change within a standard, disposable dust mask. It
generates consistently stable output, even when used during
exercise. The sensor's tubing connects to the disposable pressure
clips that fasten to the sides of the mask.

Applications:
» One reading every breath
» Running average over last four breaths

A graph showing a student's breath rate before, during, and after exercise

Includes:

e Sensor with Tubing
e Pressure Clips (10)
e Masks (10)

Order Information
PASPORT Breath Rate Sensor
Breath Rate Sensor Clips 10 pack.............c.......

Breath Rate Sensor Disposable Masks (10 pack).......... PS-2567

PASPORT Ethanol Sensor
PS-2194

The PASPORT Ethanol Sensor measures the concentration of
gaseous ethanol up to 3%. In biology and environmental science
labs, students can learn about anaerobic respiration by measuring
the production of ethanol by bacterial or yeast fermentation. Physics
and chemistry students can begin to explore combustion and
thermodynamics. Connect your students to the study of respiration
and alternative energy sources with the PASPORT Ethanol Sensor.

Note: This is a gas sensor —

it should not be submerged into
liquids. If exposed to gases with
ethanol concentrations above the
recommended maximum

of 3% the sensor element will

be depleted.

Specifications:
Accuracy: 20% of reading

Range: 0% to 3% gaseous
ethanol

Students can vary
environmental conditions
such as temperature and
determine the impact on

the rate and type of cellular
respiration taking place.

In this example, as the
temperature increases, the
rate of ethanol production
is also increasing.

Order Information

PASPORT Ethanol SEnsor............ccoeveveveveereieiesiirererenns PS-2194
Shown in use with:

ECOChAMDET ..o ME-6667
Heater SHITEr ... PS-3401
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PASPORT Thermocline Sensor

PS-2151

At last, students can measure temperature
as a function of depth in local streams and
lakes. PASCQO’s Thermocline measures depth
automatically — no need to read markings
on a cable and enter data manually.
Weighted housing provides depth
measurement stability in fast-flowing streams.

Applications:
) Study thermoclines in fresh and salt water environments

» Create depth profiles for streams, small rivers, shorelines, and
swimming pools

» Study ocean tides

Specifications:

Depth-sensing Element Range: 0 mto 10.56 m

Depth-sensing Element Accuracy: 0.15 m

(in fresh water after barometric pressure compensation)
Depth-sensing Element Resolution: 0.03 m
Temperature-sensing Element Range: 0°C to 100°C
Temperature-sensing Element Accuracy: +1.5°C
Temperature-sensing Element Maximum Sample Rate: 10 Hz

The temperature

of the water in a

pond is measured 0.2 Surface of Water

as a function 0.0

of depth.

T T T T
255 26.0 26.5 270 275 28.0
Water Temperature( *C )

Swimming Pool Thermaocline

Order Information

PASPORT Thermocling Sensor............cccccevevevrevvivevenenes PS-2151

PASPORT Flow Rate/
Temperature Sensor
PS-2130

PASCO’s Flow
Rate Sensor
allows students
to measure the
rate of movement and temperature

of streams, rivers, and other flowing
systems. The propeller is a rugged,
single-piece unit encased by protective
material — no more losing pieces at the bottom of the stream.

Applications:

» Determine sediment transport rate for a stream or other body of
water

» Measure and compare flow rate at various locations in a stream

» Compare the characteristics of one stream to another

Specifications:

Flow Range: 0 m/s to 3.5 m/s

Accuracy: 0.1 ft/sec

Pulse Frequency: 8.62 pulse/linear foot

Unit options: meter/sec; feet/sec; total pulses

Probe Length: 3 to 7 ft. with Telescoping Tube (Probe is 7 ft when
fully expanded)

Temperature Range: -10°C to 50°C

Maximum Length: 1.8 m (6 feet) Telescoping handle to reach deep
levels

Maximum Sample Rate: 20 Hz

Features:

» Exclusive built-in temperature sensor conveniently measures
temperature at the same point as flow rate

» Revolutions of a magnet on the submersible impeller are counted
and converted to linear flow rate measurements in ft/sec or m/s

) Telescoping Handle to reach deep levels

Graph shows the flow rates
at the top (green), middle
(orange), and bottom
(brown) of a stream.

SURFACE OF RIVER

124 M
MIDDLE DEPTHOF RIVER

04 W

BOTTOMOF RIVER
et

Flow Rate (1t/s)
|

T T T T T T T i T T T T
-1o 10 20 30 40 So 60 7o 80 %0 100 110 120

Timels)

Stream Flow Rate

Order Information

PASPORT Flow Rate/Temperature Sensor.................... PS-2130
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PASPORT Dual Pressure
Sensor
PS-2181

The Dual Pressure sensor is capable

of reading two absolute pressures,

one gauge pressure, or one differential
pressure. Dynamic variable over-sampling
automatically reduces the measurement
noise at low sampling rates. Sample rates up
to 1000 Hz make studies of both transient
and steady-state pressure possible. Includes
quick-connect tubing.

Applications:

» Measure pressure in Heat Engine
(TD-8572). See page 207.

» Measure pressure drops in pipes

Instrument your pipe network with the Pressure Taps
connected to the Dual Pressure Sensor (PS-2181).

Specifications:

Maximum Sample Rate: 1000 Hz
Absolute Pressure: 0 to 200 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)
Differential Pressure: +100 kPa, 0.01 kPa
resolution at 10 Hz and 1 kPa repeatability
(displays pressure in kPa, N/m?, and psi)

Order Information

PASPORT Dual Pressure
SENSO....cvvveverieiececieiererereeens PS-2181

Pressure
Taps
(Set of 5)

ME-2224A

Order Information

Pressure Taps (set of 5).......... ME-2224A

General Flow Sensor
PS-2222

The General Flow Sensor determines the
fluid velocity of air or water by measuring the
difference in pressure between the two input
tubes. The Venturi Tube or Pitot Tube must
be connected to the General Flow Sensor

to collect data. The type of fluid (air or
water) being used is selected using PASCO
software.

Applications:

) The Venturi Tube is used in a pipe network
carrying water or air.

) The Pitot Tube is used in an open water
channel or air.

Specifications:

Pressure Range: O to 50 kPa
Pressure Accuracy: +2.5% of Full Scale
(0 to 85°C)

Resolution: 0.2% of Full Scale
Venturi Range: O to 84 gpm (water);
0 to 773 gpm (air)

Venturi Accuracy: +2 gpm (water);
+2.5 cf/min (air)

Pitot Range: 0 to 9.98 m/s (water);
0 to 92.1 m/s (air)

Order Information

General Flow Sensor with Venturi Tube....

General Flow Sensor with Pitot TUDE .............ccccveveveeenee

Required:

PASPORT INTErfaCe........ccvvvriiecicieiriricieiesisescceeses
PASCO Capstone SOftware...........ccccoevvvriviviviceccienns

Also available separately:

General FIOW SENSOT.........covveeeereiririereieieisessseeeeesennes

Venturi Tube...........
Pitot Tube....
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Venturi Tube
ME-2220

The Venturi Tube is

made of clear PVC

so the water can be

seen flowing through it. It has a constriction
and two pressure ports with tubing
attached. The Venturi Tube is connected to
the General Flow Sensor by the matching
couplers. The General Flow Sensor
measures the difference in fluid pressure
between the two different cross-sectional
areas and the software does a calculation
to convert this pressure difference into a
velocity or volumetric flow rate. The Venturi
Tube slip joints are designed to be glued into
any 3/4” PVC pipe network.

Pitot Tube
ME-2221

The Pitot Tube is

designed to be

placed in the air flow

or water flowing in a

channel. The General

Flow Sensor, connected to the Pitot Tube,
measures the pressure difference between
the fluid inlet and the static side taps of the
Pitot Tube and the software calculates the
fluid velocity from the pressure difference.

See pages 182-183 for

more applications.

....PS-2225

........................... PS-2226

........................... p.12-13
........................... p. 68-71

........................... PS-2222

... ME-2220
... ME-2221
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PASPORT Salinity Sensor

PS-2195

The PASPORT Salinity Sensor works with the 10X Salinity Sensor
Probe to measure salinity, conductivity, and temperature. The sensor
determines salinity based on electrical conductivity. The sensor has a
built-in calculation to compensate for the change in conductivity due
to temperature change based on the Practical Salinity Scale (PSS).

The Salinity Sensor measures the electric current through a solution
between the two platinized platinum electrodes in the Salinity Sensor
Probe. The current through the solution is due to the movement of
ions, so the higher the concentration of ions in the solution, the higher
its conductivity. A voltage (AC) is applied across the two electrodes in
the tip of the probe and the measured current is proportional to the
conductivity of the solution.

Applications:
» Explore the salinity of local water sources.

) Explore the interrelationship of salinity, temperature, and
conductivity.

» Measure the change in the salinity of saltwater as the water
evaporates.

Examples of Water Salinity:
Fresh Water: <0.5 ppt

Brackish Water: 0.5 to 30 ppt
Saline Water: 30 to 50 ppt
Ocean Water: 35 ppt

Brine: >50 ppt

Specifications:

Conductivity Range: 1,000 to 100,000 uS

Temperature Range: 0 to 50°C

Salinity Range: 1 to 55 ppt +1% (with calibration)

Sample Rate (Maximum): 50 Hz

Temperature Compensation: +0.5 ppt from 0 to 45°C at 33 ppt
Cell Constant: 10X

Order Information

PASPORT Salinity SENSOK .........ccceeveveeeereeririeiererereennns PS-2195
Recommended:
PASPORT Sensor Extension Cable..............c.cccceveenenene PS-2500

PASPORT Water Quality Colorimeter
PS-2179

This PASPORT Water Quality Colorimeter is designed specifically

to support the chemical analysis of water samples using PASCO’s
ezSample Snap Vial water quality test kits (sold separately).

Includes built-in calibration curves for determining the concentration of
ions in a solution for (ions listed on this page). Simple to use in the field,
and students avoid direct contact with chemicals!

Specifications:
Measurable Ranges:
ezSample Snap Vials (Colormetric)

Iron 1.5t0 8 mg/I

Nitrate 0.25 to 2 mg/I
Ammonia 0.20 to 3 mg/I
Phosphate 0.20 to 8 mg/I
Chlorine 0.50 to 6 mg/I

ezSample Field Titrators
Total Hardness 20 to 200 mg/I
Dissolved CO, 10 to 100 mg/I
Alkalinity 10 to 100 mg/I
Operating Temperature: 0° to 40°C

Order Information

PASPORT Water Quality Colorimeter.............ccccovvvennene PS-2179
Available Test Kits: (30 tests per kit)

ezSample Snap Vials (Colorimetric):

ezSample Snap Vial - Iron ..........ccceeveevecccesiceceinns EZ-2331
ezSample Snap Vial - Nitrate.. ....EZ-2333B
ezSample Snap Vial - Ammonia . ....EZ-2334A
...EZ2-2337

ezSample Snap Vial - Phosphate.... .

ezSample Snap Vial - Chloring ..........cooueevererinicnnnns EZ-2339A

ezSample Field Titrators

ezSample Field Titrator - Total Hardness ... ....EZ-2338

ezSample Field Titrator - Carbon Dioxide... ....EZ-2341

ezSample Field Titrator - AlKalinity .........ccccoevvriinnnnne EZ-2340

* WARNING! This product can expose ] ** WARNING! This product can
you to chemicals including ethylene eﬁPUS‘? %0# tIU,Che'L‘.'CﬁB "k‘°|Ud'"Q
glycol, which is known to the State Fo &logtz;teaoeflg’a‘?ilfolfnialstoT:?avlrge
of California to cause birth defects cancer, and methanol, which is known
or other reproductive harm. to the State of California to cause
For more information go to birth defects or other reproductive
www.P65Warnings.ca.gov. harm. For more information go to

www.P65Warnings.ca.gov.

PASPORT Soil Moisture Sensor

PS-2163

The Soil Moisture Sensor measures the

water content of soil and reports it in percent.

It can be used to conduct experiments in

environmental science, agricultural science, horticulture, and biology.

Applications:

» Measure the loss of soil moisture over time due to evaporation and
plant uptake

» Evaluate optimum soil moisture content for various species of plants

» Monitor soil moisture content to control irrigation in greenhouses

Specifications:

Sensor Range: 0 to 45% volumetric water content in soil

Sensor Probe Length: 5.5 cm

Sensor Probe Cable Length: 5 m

Accuracy: +4%

Resolution: 0.1%

Power: 3mA at 5V DC

Operating Temperature: -40 to 60°C

Default Sample Rate: 10 samples per second

Order Information

PASPORT Soil Moisture Sensor............ccccvvvevereeernnnnnns PS-2163
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Chemistry

PASPORT pH Sensor

PS-2102

Also see the
Wireless

pH Sensor
on page 58.

PASCO’s pH Sensor measures the hydronium ion concentration in a
solution and reports it as a pH value. This sensor is well-suited for a
variety of activities where testing or monitoring acidity is important.

Applications:

p Titrate an acid into a base

P Investigate the chemistry of buffers
» Monitor water quality

Specifications:

Range: 0 to 14 (probe-dependent)

Accuracy: 0.1 (after calibration)

Resolution: 0.01

Electrode: Gel-filled Ag-AgCl combination electrode
Maximum Sample Rate: 50 Hz

Temperature Range: 5°C to 60°C

pH vs. Volume
graph

Order Information

PASPORT pH Sensor PS-2102
Recommended:
pH Electrode PS-2573

Advanced Chemistry Sensor
PS-2172

The Advanced Chemistry Sensor measures pressure, temperature,
pH, and conductivity. It can measure parameters individually or
simultaneously for labs pertaining to electrolytes, acid-base reactions,
gas laws, thermochemistry, thermometric and conductometric
titrations, and more!

Applications:

» Exploring Gas Laws

P Hess's Law

» Properties of Buffers

) Rate of Decomposition of Hydrogen Peroxide
» Intermolecular Forces

Specifications:

Temperature*: -35°C to +135°C, +0.5°C
pH*: 0 to 14, +0.1 (with calibration)
Absolute Pressure: 20 to 400 KPa
Voltage: -2000 mV to +2000 mV
Maximum Sample Rate: 100 Hz
Temperature Range: 5°C to 60°C
*Ranges are probe-dependent.

Determine the effect of temperature on the rate of a reaction.

Includes:

e Stainless Steel Temperature Probe

e pH Probe

e Conductivity Probe

e Built-in Pressure Sensor

e 60 cc syringe, tubing and quick-release connectors

Order Information

Advanced Chemistry Sensor PS-2172
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SPARK LXi

S PAR K Datalogger

Built for student use both indoors and outdoors.

PASPORT sensors connect
directly to the LXi.
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SPARK LXi
PS-3600A
The LXi also has built-in ports for the
included temperature and voltage probes.
PASPORT
Sensor Port
PASPORT
Sensor Port Voltage Port ~ Temperature Port

Simultaneously connect up to
five PASCO wireless sensors.
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SPARK LXi Datalogger
PS-3600A

The SPARK LXi Datalogger is a Bluetooth, handheld
datalogger that enables students to connect wired and
wireless sensors, collect data, generate graphs, and analyze
results. It is durable, splash-proof, and works seamlessly
with PASCO sensors. The SPARK LXi can simultaneously
accommodate up to five wireless sensors, includes two
ports for PASPORT sensors, as well as two ports for the
included Fast Response Temperature Probe and

Voltage Probe. It can be used with PASCO Wireless
sensors, PASPORT sensors and an AirLink,

SPARKIink® Air, and the 550 Universal Interface.

Features:

» Ruggedized case for indoor/outdoor and
wet/dry lab use

p 8" full-color capacitive touchscreen
(1280 x 800 pixels)

» Simultaneously connects up to 5 PASCO
Wireless Sensors

» SPARKvue® in-app proximity pairing

» Includes 2 PASPORT ports

» Includes Voltage Probe and port

» Includes Fast Response Temperature Probe and port

» Can connect more PASPORT sensors with the AirLink,
SPARKIink Air, and 550 Universal Interface

» Installed software: PASCO SPARKvue, MatchGraph,
and Spectrometry; Microsoft Office Suite; Google Suite

» Android operating system

» Wi-Fi, Bluetooth®, and USB connections

» Can export data to third-party apps

» Operates online or offline

» Front and back cameras

» Accelerometer

» Microphone and speaker

» GPS

Order Information

SPARK LXi Datalogger.........cccoverererreeererereiresesesnerereseseeseaas PS-3600A
Recommended:

SPARK LXi Charging Station............ccccceeereeereeriesccciereenns PS-3602
Replacement Parts:

PASPORT Voltage Probe ............ccoeveueireresisieieieeeesesesieenenas PS-2165
PASPORT Fast Response Temperature Probe (3 pack)........... PS-2135

SPARK LXi Charging Station
PS-3602

These convenient charging stations have a wire rack to hold the
dataloggers and multiple charging cables, so a complete set of
SPARK LXi dataloggers can be charged from one power connection

to the wall. The charging station is built into a Gratnells case (size F3).

» PS-3602 can simultaneously charge up to six SPARK LXi
dataloggers.

Dimensions: 312 x 427 x 300 mm

Order Information

SPARK LXi Charging Station............ccccceerreverereeeeersnrnnns PS-3602

800.772.8700 (inside US)
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AirLink Interface
PS-3200

0

The AirLink connects PASPORT sensors to a Mac or Windows
computer, Chromebook, iPad, tablet, or smartphone via Bluetooth
or USB connection. The USB cable is included.

Includes:
e USB cable
Order Information
AIrLInK INErface .......ccovvvvvviviiicicieeceece e PS-3200

10-Port USB Charging Station
PS-3501

The 10-Port USB Charging Station enables you to charge up to
10 wireless sensors via USB cable (included with sensors).

Includes:
e AC Power cable

Order Information

10-Port USB Charging Station ...........ccccovveveeerireenen. PS-3501

SPARKIink Air Interface

PS-2011

The SPARKIINk® Air allows students and teachers to connect any

of our 70+ PASPORT sensors to their device via USB or Bluetooth®.
This device allows students to collect data using a desktop or laptop
running SPARKvue or PASCO Capstone software, or with a Bluetooth
iOS or Android device running the SPARKvue app.

Includes:

e AC Adapter

e USB Cable

e Fast Response Temperature Probe

¢ \/oltage Probe

Order Information

SPARKIINK Air INterface ............ccoeeeeeveeeervercvennes PS-2011
Requires:
PASCO Capstone Software...........ccovvvrereeeirnnnne p. 68-71

SPARKIink Air
Charging Station
PS-2577

Conveniently store and charge
up to five SPARKIink Air
interfaces with a single

power source.

Order Information

SPARKIink Air Charging Station ..........c.cccceevvviicercnne. PS-2577
PASPORT Digital Adapter PASPORT Analog Adapter
PS-2159 PS-2158

» Required for counting and
timing sensors

» Allows digital ScienceWorkshop
sensors to be used with
PASPORT interfaces

The Digital Adapter is required when photogates, timing and counting
sensors are used with any PASPORT interface. Each Digital Adapter
accommodates two sensors at once. Each port on the Digital
Adapter automatically detects a connection and initiates a selection of
pre-configured or user-defined options. Several Digital Adapters can
be used simultaneously when required.

Specifications:

Resolution for Counting and Timing Devices: 2 us
Resolution for Motion Sensors: 1 s

Input: Two 1/4” stereo phone jacks

Order Information

PASPORT Digital Adapter..............cccoevvuirinniininniinienns PS-2159

» Use your black ScienceWorkshop
sensors with blue PASPORT
interfaces
» No need to buy new sensors
Use an Analog Adapter to connect
ScienceWorkshop sensors with an 8-pin or 5-pin DIN
connector such as:
e Colorimeter (Cl-6747)
Current (CI-6556)
Force (CI-6537)
Force, Economy (Cl-6746)
Infrared (CI-6628)
Light (CI-6504A)
Light, High-Sensitivity (CI-6604)
Light, UVA (CI-9784)
Magnetic Field (CI-6520A)
Pressure Sensor-Absolute (CI-6532A)
Sound (CI-6506B)
Temperature (CI-6605A)
Temperature, High Accuracy (CI-6525)

Order Information

PASPORT Analog Adapter..........cccoceeeuerrrrereererernerennnns PS-2158
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Wireless Sensor Index

PASCO’s Wireless Sensor Family €) =
Our rugged, low-cost wireless sensors connect directly to computers, Chromebooks, and mobile devices to allow students to quickly collect ﬁ
data, leaving more time for analyzing and interpreting data. g
In Logging mode, wireless sensors collect data to their onboard memory for hours: days, weeks or even months at a time without needing tp %
be connected to a computer, tablet, Chromebook or smartphone. When the experiment has concluded, simply connect the sensor to a device
running PASCO software and download all the measurements it recorded. cr,|3|
=

-

Smart Cart 50 Exercise Heart Rate 61 C:g

Motion Sensor 51 Hand-Grip Heart Rate 61

Rotary Motion Sensor 51 Blood Pressure 61

Smart Gate 52 CO, Gas 62

3-Axis Acceleration/Altimeter 52 O, Gas 62

Force Acceleration 53 Optical Dissolved O, 62

Load Cell/Accelerometer 53 EcoZone 63

Sound 54 Optical Dissolved Oxygen 64

//code.Node b4 Weather 65

Pressure 55 ] ]

Temperature Link 55 Bluetooth® Adapter 66

Light 56 AirLink 66

3-Axis Magnetic Field 56 Wireless Charging Stations 66

Current 57 Wireless Storage Solutions 66

Current Module 57

Voltage 57

Wireless Chemistry Sensors

pH 58
ORP Probe 58
Colorimeter 59
Conductivity 59
Drop Counter 59
Polarimeter 60
Spectrometer 60
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Smart Cart

Smart Cart © U.S. Patent Number
ME-1240 (red) ME-1241 (blue) 10,481,173

» Your mechanics lab on wheels
» Built-in wireless force, position, and acceleration sensors

The patented Smart Cart is the ultimate tool for studying kinematics, dynamics,
Newton’s Laws, and more. It is based on a durable ABS body with nearly frictionless
wheels, just like our high quality PAScars. Now, we've added built-in sensors that
measure force, position, velocity, and acceleration. The versatile Smart Cart can
collect measurements on or off a track and transmit the data wirelessly over Bluetooth.
In essence, it is a wireless dynamics cart that combines all the necessary sensors,
without requiring any additional hardware.

Smart Carts are ideal for studying mechanics topics, such as kinematics and
dynamics. The built-in load cells enable two Smart Carts to visually demonstrate
Newton’s Third Law with ease. Additionally, built-in sensors for force and acceleration
enable students to investigate Newton’s Second Law in minutes. Smart Carts truly are
a physics lab on wheels, and now you can own the most advanced physics cart ever
created, all without the restrictions of cables.
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Specifications:

Force Range: +100 N

Force Resolution: 0.1 N

Force Accuracy: +1.0%

Force Maximum Sampling Rate: 2.0 kHz

Position Resolution: +0.2 mm

Max Velocity: +3.0 m/s

Velocity Max Sample Rate: 500 Hz

Acceleration Range: 16 g

Acceleration Max Sample Rate: 500 samples/second

Max Rotational Speed Sampling Rate: 500 samples/second
Max Wireless Range: 30 m (unobstructed)

Maximum Measurable Rotation Rate (Gyro): +245 deg/second
Mass Without Accessories: 245 g

Patent No.: 10481173

Magnetic Bumper Mass: 23.6 g

Includes:

® Hook

* Rubber bumper
Applications: * Magnetic bumper
» Kinematics * USB cable for charging
» Newton’s Laws
» Impulse

» Conservation of Momentum
» Elastic and Inelastic Collisions
» Conservation of Energy
» Simple Harmonic Oscillators
» Magnetic damping
» Determining g using acceleration on an incline
» And much more! Smart Cart (Red) .......................................................... ME-1240
Smart Cart (BIUE) ......c.vveuveiereieeece e ME-1241

50 more information at pasco.com



Wireless Motion Sensor ©
PS-3219

The Wireless Motion Sensor connects via

Bluetooth or USB to your device, and uses

ultrasound to measure the position, velocity,

and acceleration of objects. This enables

students to take turns measuring themselves,

while the class observes their motion materializing

as a graph in real time. The sensor can detect objects ranging from
15 cm to 4.0 m away, and without cables to get in the way, students
can explore handheld and ceiling-mounted applications.

The Wireless Motion Sensor works with
our free MatchGraph! software. It is

an ideal way to teach the concepts of
motion graphing, interpreting graphs,
and rate of change or slope.

Specifications:

Range: 0.15t0 4 m

Resolution: 1 mm

Maximum sample rate: 100 Hz
Transducer rotation range: 180°

Rechargeable battery: Lithium-polymer

Connectivity: Direct USB or via Bluetooth (Bluetooth 4.0)

Order Information

Wireless Motion Sensor PS-3219
Recommended:
MatchGraph! Software See page 74

Motion Sensor Guard
SE-7256

Use this wire guard to protect the Motion Sensor
when dropping objects from above.

Order Information

Motion Sensor Guard SE-7256

Motion Sensor Bracket

PS-2546

This magnetic bracket allows a Motion Sensor to be
easily hung from a drop ceiling. Simply screw the
bracket into the 1/4"-20" threads on the sensor and
use the included adjustment nut to hold the sensor
in the desired orientation.

The bracket can also be used to hold the Motion Sensor on vertical
surfaces such as filing cabinets and magnetic whiteboards.

Order Information

Motion Sensor Bracket PS-2546
Cart Adapter Accessory
ME-6743
The Cart Adapter Accessory )
allows the Motion Sensor and The adjustment knob

on the bracket allows
the Motion Sensor to
face any direction.

Order Information

Cart Adapter Accessory ME-6743

many other sensors to be mounted
to a Dynamics Cart or a PAScar.

Wireless Rotary Motion Sensor ©
PS-3220

The Wireless Rotary Motion Sensor measures angle, angular velocity,
and angular acceleration, as well as their linear equivalents. The
included three-step pulley allows different torques to be applied,
rotating a rigid system at different rates of acceleration. The included
rod-mounting holes let you orient the sensor for different experiments.
The Wireless Rotary Motion Sensor connects directly to your devices
via Bluetooth or USB.

Show that angular momentum
is conserved. The Wireless
Rotary Motion Sensor records
the angular velocity as a ring is
dropped on a spinning disk.

Specifications:

Angle resolution: 0.18° (0.00314 radian)

Linear resolution: 0.0157 mm (with 5 mm pulley radius)
Three-step pulley: 10, 29, and 48 mm diameter

Shaft diameter: 6.35 mm

Maximum rotation rate: 30 revolutions per second
Optical encoder: 2000 divisions/rev, bidirectional
Rechargeable battery: Lithium-polymer

Logging: Yes

Connectivity: Direct USB or via Bluetooth 4.0

Order Information

Wireless Rotary Motion Sensor ...........ccccovevriennne PS-3220
Shown in use with:
Rotational Inertia ACCESSOrY ........ceveiriveveererererirenne ME-3420 p.174

800.772.8700 (inside US)

+1916.786.3800 (outside US) 51
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Physics Sensors

Wireless Smart Gate ©
PS-3225

» Dual photogate beams

) Laser switch

» Photogate tape slot

» Auxiliary photogate/Time-of-Flight port
» USB and Bluetooth®

» Rechargeable

= USB
Aucxiliary Charging
Photogate Port
Port
Laser
Switch
Pulley
Attachment
Tab
Photogate Tape Slot

The Wireless Smart Gate has all the features of the wired Smart Gate.
It has dual photogate beams spaced at 1.5 cm to accurately measure
speed. The built-in laser switch (when used with any laser) allows you
to time objects too large to fit through the standard photogate. Pass
Photogate Tape through the photogate slot to measure the movement
of objects. The auxiliary port is for adding an additional photogate
head or Time-of-Flight Accessory.

We do not recommend using two Wireless Smart Gates in the same
experiment unless the measured times are relatively long (greater than
one-half second) since synchronization is limited to 2 ms.

Specifications:

Logging: Yes

Battery: Rechargeable Lithium-Polymer
Connectivity: Direct USB or via Bluetooth 4.0

Order Information

Wireless Smart Gate ............ccoeevevvevecvereriieiecere e PS-3225

Wireless Acceleration/Altimeter
PS-3223

) 3-axis accelerometer

) 3-axis gyroscope

) Altimeter

» Rubberized case

The Wireless 3-Axis Acceleration/Altimeter can remotely log
acceleration in three dimensions and altitude, making it ideal for
recording roller coaster rides.

The Wireless 3-Axis Landing
Acceleration/Altimeter is
launched by a stretched
rubber band that is
connected to one of many
attachment holes in the
rubberized case. The
graph shows the resultant
acceleration (measured in
g’s) and the altitude for the
four-second flight.

Launch

Specifications:

Accelerometer Ranges: +16 g, +100 g, +200 g, +400 g
Measurements: Acceleration (3 axes and resultant); Altitude;
Angular velocity (3 axes)

Logging: Yes

Battery: Coin Cell

Connectivity: Bluetooth 4.0

Order Information

Wireless Acceleration/Altimeter............ccocveeveccvcvenne. PS-3223
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Wireless Force Acceleration Sensor
PS-3202

» Freedom from wires

) Measures force, acceleration,
and rotation

Capable of simultaneously measuring

force, acceleration, and rotational velocity,

this sensor is ideal for experiments

involving rotating platforms, moving carts,

spring oscillations, collisions, and impulse.

The wireless design offers improved

measurement accuracy by eliminating

cords that affect data collection. Students can use the finger-holes
for handheld applications, or mount it onto a cart or rod for more
complex experiments.

Features:

» Bluetooth and USB connectivity
» Logging

» + 50 N force sensor

p 3-axis accelerometer (+ 16 g)

» 3-axis gyroscope

» Finger-holes

» Built-in rod clamp

Specifications:

Force Range: +50 N

Force Resolution: 0.03 N

Accuracy: 0.1 N

Acceleration Range: 16 g

Angular Rotation Rate Range: up to +2000 degrees per second
Battery: Rechargeable lithium-polymer

Logging: Yes

Bluetooth: BT 4.0

Includes:

e Hook attachment

e Rubber bumper attachment

e Cart/bracket thumbscrew

e Rechargeable lithium-polymer battery

e USB cable
Order Information
Wireless Force Acceleration Sensor..............cccccccueneee. PS-3202

Wireless Load Cell ©
and Accelerometer

PS-3216

» Measures loads in structures
) Built-in 3-axis accelerometer measures bridge vibrations
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Learn more about PASCO

Structures on pages 144-152.

The Wireless Load Cell and Accelerometer is designed to measure
loads in all PASCO Structures Systems. It is particularly useful for
measuring vibrations because it includes an accelerometer and has
no wires to impede movement.

Specifications:

Load Cell Range: +50 N

Load Cell Resolution: 0.03 N

Load Cell Accuracy: 0.1 N

Load Cell Maximum Sample Rate: 2 kHz
Acceleration Range: + 16 g (three axis)
Acceleration Maximum Sample Rate: 500 Hz
Measurements: Force; Acceleration (3 axes and resultant)
Logging: Yes

Battery: Rechargeable Lithium-Polymer
Connectivity: Direct USB or via Bluetooth 4.0

Order Information

Wireless Load Cell and Accelerometer ............ccccocuevveennee PS-3216
Shown in use with:

Building Better Bridges Kit ME-3581

800.772.8700 (inside US)
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Wireless Sound Sensor
PS-3227

The PS-3227 Wireless Sound Sensor is two sensors in one wireless
package: a sound wave sensor capable of measuring changes in
relative pressure level as a function of time and a sound level sensor
with both dBA and dBC weighted scales.

Sound Wave Sensor: The Sound Wave Sensor measures relative
changes in sound pressure level as sound waves are incident on
the sensor. With graphs of sound wave measurements versus time,
students can explore and analyze wave properties like wave shape,
wave speed, amplitude, frequency, wavelength, and much more.
Students can use this sensor to explore superposition of waves and
beat frequencies, while also exploring standing wave harmonics,
and the presence of overtones. Sound wave measurements work
beautifully with the scope and FFT displays in both SPARKvue

and Capstone, and the Wireless Sound Sensor is capable of
measuring sound wave data wirelessly at sample rates up to 100 kHz.

Sound Level Sensor: The Sound Level Sensor gives you

true sound level (intensity) measurements with both dBA and dBC
scales. The dBC weighting scale measures the intensity of sounds

in a wide range of frequencies within, and outside the frequency
range of human hearing. The dBA weighting scale filters some

of the sound frequencies from a sound source to more closely
match the frequency response of the human ear. The dBA scale is
commonly used in the workplace to determine the sound level an
employee will experience in typical working conditions. Sound level
and noise pollution are key measurements in environmental science.
This new sensor gives you a wireless solution to measure sound level
with all the capability of a sound level meter, but adds the flexibility of
recording data continuously as a function of time.

Easily observe
and measure beat
frequencies

Specifications:

Microphone Frequency Range: 100 — 15,000 Hz
Sound Wave Maximum Sampling Rate: 100 kHz
Sound Level Range: 50 - 110 dB

Accuracy: +2 dB

Response: A or C weighted

Order Information

Wireless Sound SENSOr .........ccccviiveverierereeerensiesesenns PS-3227

//code.Node

PS-3231

The //code.Node is a turnkey coding solution that combines real-
world sensor inquiry, Blockly coding, and live data displays to drive
computational thinking in STEM learning. It includes six interactive
sensors and four device outputs that measure and respond to
phenomena using code created in SPARKvue or Capstone software.

Specifications:

Light Level Sensor Range: Visible Spectrum (400 nm to 700 nm)

Light Level Sensor Sensitivity: Approximately 600 Ix to 50,000 Ix
(not calibrated)

Sound Level Sensor Sensitivity: Approximately 70 dB to 100 dB
(not calibrated)

Magnetic Field Sensor Range: +50 gauss

Acceleration Sensor Range: 2-axes, +8g

Ambient Temperature Range: -25 °C to 40 °C

Ambient Temperature Resolution: 0.05 °C

Ambient Temperature Accuracy: =1 °C

Maximum Sample Rate: 50 Hz

Momentary Push Buttons (2): On/Off

Speaker Output Frequency Range: 10 Hz to 10,000 Hz
Multi-color LED: Independently adjust intensity of Red, Green, Blue

Order Information

J1COAEINOUE ... PS-3231
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Physics Sensors

Wireless Pressure Sensor ¢
PS-3203

The Wireless Pressure Sensor allows students to easily collect
accurate gas pressure data for a wide range of applications. Included
is a 60cc syringe, tubing, and connectors that facilitate experiments
such as Boyle's Law or measuring pinch-grip strength. Within
PASCO's software, students can easily select their desired units from
a list containing kPa, mmHg, inHg, mbar, psi, atm, and torr.

Make accurate and consistent measurements of gas pressure, regardless of ambient
conditions. Study the Empirical Gas Laws.

Specifications:

Range: 0-400 kPa
Resolution: 0.1 kPa
Accuracy: +2 kPa
Logging: Yes

Max sample rate: 1000 Hz
Bluetooth: BT 4.0

Includes:

e Polyurethane Plastic Tubing, 2 ft
e Tube Connector

e Male Barbed Luer Locks (2)

e Female Barbed Luer Lock

e 60 cc Syringe

e Micro USB Cable (PS-3584)

Order Information

Wireless Pressure Sensor PS-3203

Wireless Temperature Sensor §
PS-3201

Welcome to the modern thermometer. This sensor transmits live
data and allows students to continuously monitor, log, and plot
temperature measurements on nearly any device.
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Features:
» Simply pair and go, no cables or adapters to manage

» Variable sampling rate for capturing small, fast changes or
experiments that run for hours, days, or weeks

» Bluetooth wireless connectivity and long-lasting coin cell battery

) Logs temperature data directly onto the sensor for long-term
experiments

» Dust, dirt, and sand-proof and water resistant (IP-X7 certified)

Specifications:
Range: -40°C to 125°C
Resolution: 0.01°C
Accuracy: 0.5°C
Logging: Yes
Bluetooth: BT 4.0

The versatile Wireless Temperature

Sensor works well, both in the lab
and outdoors.

Order Information

Wireless Temperature Sensor. PS-3201

Wireless Temperature Sensor Link

PS-3222

» Accepts three types of thermistor temperature probes
» Includes Fast Response Temperature Probe

Specifications:

Battery life >1 year: Battery life >1 year

Compatible Temperature Probes: Skin/Surface (PS-2131); Fast
Response (PS-2135); Stainless Steel (PS-2153)

Range with included probe: -30°C to 105°C

Jack: 3.5 mm stereo

Logging: Yes

Connectivity: Bluetooth 4.0

Order Information

Wireless Temperature Sensor LinK ...........cccoevevevceerreennne PS-3222
Compatible Temperature Probes:

PASPORT Skin/Surface Temperature Probe .............cc........ PS-2131
PASPORT Fast Response Temperature Probe (3 pack) .......PS-2135
PASPORT Stainless Steel Temperature Probe .................... PS-2153

800.772.8700 (inside US)
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Physics Sensors

Wireless Light Sensor
PS-3213

) Four sensors in one

» Ambient lux

) Ultraviolet and infrared

» Detect RGB colors separately

) Bluetooth 4.0 wireless

» New enhanced features measure PAR and irradient light!

The Wireless Light Sensor features two separate apertures - one
for ambient light measurements and one for directional light
measurements. The ambient sensor measures illuminance and
UV Index, while the spot (directional) aperture measures light level
and color intensity. Our software displays the relative intensities of
Red, Green, and Blue light, then sums them to determine the level
of White light. PAR and irradiance are also available as calculated
measurements within PASCO Capstone (version 1.8 or later) and
SPARKvue software (version 2.6 or later).

Ambient sensor contains lux,
UV, and IR sensors.

Spot sensor contains red, green, /

blue, and white sensors.

Use the ultraviolet
sensor on the back
side to measure
the amount of

UVA and UVB
radiation that
makes it through
sunglasses.

Specifications:

Spectral Response: 300 nm to 1100 nm
llluminance Range*: O to 131,000 lux

Irradiance Range*: O to 1362 W/m?

PAR Range*: 0 to 2400 pmol/m?/s

UV Index Range: 0 to 12 (typical in daylight)

RGB and White Light Range: 0 to 100%

Maximum Sample Rate: 2 Hz (ambient); 20 Hz (spot)
Battery: Coin cell

Bluetooth 4.0: Yes

Wireless Magnetic Field Sensor §
PS-3221

) Simultaneous measurements on three axes

» Dual range: +50 G and +1300 G

» Sensitive enough to measure the Earth’s magnetic field
» Measure fields from bar magnets and coils

This 3-Axis Magnetic Field
Sensor can sense the Earth’s
magnetic field and fields from
coils and bar magnets. There
are two ranges: +50 gauss and
+1300 gauss. This sensor is
primarily for static fields.

Wirelessly measure the magnetic
field strength inside a solenoid as
a function of current.

Specifications:

Ranges: +50 G and +1300 G

Resolution: +0.01 G (50 G range); +1 G (1300 G range)
Maximum Sample Rate: 100 Hz

Measurements: Magnetic Field Strength (3 axes and resultant)
Logging: Yes

Battery: Rechargeable Lithium-Polymer

Connectivity: Direct USB or via Bluetooth 4.0

Includes:

e 3-Axis Magnetic Field Sensor
e Sensor Mounting Rod

e USB Charging Cable

Order Information

- Wireless Magnetic Field Sensor ............c.cccceceene. PS-3221
Order Information Recommended:
Wireless Light SENSOT ..........cceuvirinienienienienieeias PS-3213 Zero Gauss Chamber EM-8652 p. 38
56 more information at pasco.com



Wireless Current Sensor §
PS-3212

The Wireless Current Sensor's wide
current range enables introductory
and advanced explorations of the
fundamental concepts of electricity
and basic circuits.

Features:

» Two Ranges: +1.0 Aand +0.1 A

» Resolution: 0.2 mA at =1 A range and 0.02 mA at +0.1 A range

» Bluetooth® sampling rate of 1.0 kHz

» High-speed sampling via USB

» Remote logging

» Variable sampling rate for recording small, fast changes or
experiments that run for hours, days, or weeks

Includes:

e USB Cable

¢ Red, Banana-to-alligator-clip

e Black, Banana-to-alligator-clip

e Wireless Current Sensor

Order Information

Wireless Current Sensor PS-3212

Wireless Voltage Sensor 3]
PS-3211

The Wireless Voltage Sensor is ideal for exploring the fundamental
concepts of electricity, voltage, and basic circuits. It measures
voltages up to £15 V with built-in overload protection, and features
high-speed sampling rates when used with a USB. When combined
with the Wireless Current Sensor, students can use it to explore
Ohm's Law, circuits in series and parallel, and much more.

Features:

» Two Ranges: =15V, 5V

» Resolution: 7 mV (15 V range); 2 mV (+5 V range)
» Bluetooth® sampling rate of 1.0 kHz
» High-speed sampling via USB

» Remote logging

Includes:

e Wireless Voltage Sensor

e USB Cable

® Red, Banana-to-alligator-clip

e Black, Banana-to-alligator-clip

Order Information

Wireless Voltage Sensor PS-3211

Wireless Current Sensor Module §
EM-3534

Since the Current Sensor Module is in the same form factor as the other
modules, it naturally fits in series with the circuit components.

Included in Essential Physics Modular Circuit

Kit EM-3536 on pages 218-219.

Specifications:
Two ranges: +1 A, £0.1 A

Resolution: 0.2 mA (1 A range); 0.02 mA
(+0.1 A range)

Bluetooth® sampling rate of 1 kHz
Higher speed sampling via USB
Includes remote logging

Order Information

Wireless Current Sensor Module..............ccccevevevevevenenene EM-3534
Required:
Modular CIirCUILS ........ccoveveveeeieesesieieieeceee e pp. 218-219
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Wireless pH Sensor ¢
PS-3204

The Wireless pH Sensor is a must-have for any chemistry, biology, or
environmental science course. Equally capable in the lab or field, the
sensor eliminates the hassle of cables, reducing spills and improving
safety. Don't worry about charging, the sensor has a coin-cell battery
that lasts for 2-3 years in most labs and costs about one dollar to
replace. The sensor can transmit data in real-time, or store data for
hours or days when continuous monitoring is required. The Wireless
pH Sensor can perform countless experiments, including acid-base
titrations, investigating household chemicals, changes in pH during
reactions, water quality studies, and much more.

Flat pH Probe

PS-3514

The Flat pH Probe gives you the freedom to measure what you

want, where you want. Study pH levels in different kinds of foods,
investigate the pH of common skin and hair care products, and easily
collect pH data when doing soil analysis. Can be used on semi-solids
by pressing the probe against a moist surface.

Includes:
e Soaker bottle

Order Information

Flat pH Probe........ccccoovvvviieccciiccccccecee PS-3514
Required:
Wireless pH SenSOr..........covvveveverrerececceieeseenes PS-3204

Get even more measurements out of the Wireless
pH Sensor by using these ORP or ISE electrodes.

Oxidation Reduction

With the -
Wireless Potential Probe
PH Sensor, )
students can PS-3515
collect data Includes:
anywhere! e 2m cable
JS— lon Selective Electrodes
and compare
the pH of
common acids
and bases.
Ammonium lon Carbon Dioxide lon
Features:
» Simply pair and go, no cables or interfaces to manage
» Compatible with ion-selective electrodes (ISE) and the oxidation
reduction prgbe (ORP) o i ) Calcium lon Chloride lon
» Bluetooth® wireless connectivity and a long-lasting coin cell battery
) Logs pH data directly onto the sensor for long-term experiments
Specifications:
Range: 0-14 pH Potassium lon Nitrate lon
Resolution: 0.02 pH
Accuracy: 0.1 pH with calibration
Logging: Yes Includes:
Bluetooth: BT 4.0 e Cable
Temperature Range: 5 °C to 60 °C
Includes: Order Information
o QOiﬂ cell battery Oxidation Reduction Potential Probe...............ccc.......... PS-3515
e Direct-connect BNC pH probe lon Selective Electrodes
® Probe storage bottle and solution Ammonium lon Selective Electrode............ccoccuvennnee. PS-3516
- Carbon Dioxide lon Selective Electrode....................... PS-3517
Oder lnfeunation Calcium lon Selective Electrode............cccocueieninnees PS-3518
Wireless pH SENSOT........cvvieeerieiriieereieie s PS-3204 Chloride lon Selective Electrode... PS-3519
Potassium lon Selective Electrode PS-3520
Nitrate lon Selective Electrode...... PS-3521
58 more information at pasco.com



Wireless Conductivity ©
Sensor
PS-3210

The Wireless Conductivity Sensor measures
the electrical conductivity of an aqueous
solution. It is ideal for investigating the
properties of solutions, including total
dissolved solids (TDS) for water quality
inquiry. Because it is temperature
compensated, calibrations are less frequent
and can be applied across a range of
temperatures. With a range of 0 to 20,000
uS/cm, this sensor can be utilized for
chemical, biological, and environmental
studies.

Teacher tip: To measure brackish or
marine samples, perform a dilution until the
measurement falls within the range, then
multiply to determine sample conductivity.

Features

» Measure conductivity and total dissolved
solids

» Automatic temperature compensation
) Battery life >1 year
» Remote logging with built-in memory

) Dust-proof, sand-proof, and water-
resistant (1 meter for 30 minutes)

Measure the conductivity of water and other
water-based solutions.

Includes:
e Coin cell battery

Wireless Drop Counter §
PS-3214

The Wireless Drop Counter has a wider

(18 x 13 mm) drop window for better drop
detection and easier alignment with burettes.
It works equally well with large or small, fast
or slow drops.

Measures up to 10 drops per second with
drops as small as 0.5 mm.

Includes:

e Wireless Drop Counter

e Micro Stir Bar

e Drop Dispenser with Stopcock
e Plastic Dispenser Rod Clamp

Wireless Colorimeter &
Turbidity Sensor

PS-3215

The Wireless

Colorimeter

simultaneously

measures the

absorbance and

transmittance of six

different wavelengths.

The sensor can be

used to study Beer's Law (absorbance
vs. concentration), enzyme activity,
photosynthesis, and the rates of chemical
reactions (absorbance vs. time). After a
simple calibration, students can quickly
begin viewing live measurements as they
materialize across the visible spectrum at
650 nm (red), 600 nm (orange), 570 nm
(yellow), 550 nm (green), 500 nm (blue), and
450 nm (violet). This sensor also functions
as a high-quality turbidimeter for water
quality analysis.
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Create Beer's
Law plots to
help students
understand the
relationship
between
absorbance and
concentration.
Graphically
analyze how
a reaction
changes over
time.
Specifications:

Color detection/peak wavelengths:
650 nm (red), 600 nm (orange), 570 nm
(yellow), 550 nm (green), 500 nm (blue),
450 nm (violet)

Detector ranges: +25 nm from peak
Absorbance: 0-3 Abs units; useful range
(0.05 -1.5 Abs)

Transmittance: 0-100%

Turbidity range: 0-400 NTU

Accuracy: +5% NTU

Includes:

e USB charging cable

e Cuvettes and Caps (9)

e Cuvette Rack (2)

e 100 NTU Calibration Cuvette

WARNING! This product can expose you to
chemicals including Formaldehyde, which is known
to the State of California to cause cancer.

For more information go to www.P65Warnings.ca.gov.

Order Information

Wireless Colorimeter &

Turbidity Sensor..........cccccovveeee. PS-3215
order Inf i Also available:
raer information : Cuvettes and Caps............ccc...... SE-8739
Wireless Conductivity Order Information 100 NTU Calibration Cuvette..... SC-3512
e L S PS-3210 Wireless Drop Counter ........... PS-3214 CUVette RACK ........coocvverrvvvers EC-3590
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Chemistry Sensors

Wireless Spectrometer (VIS) ¢
PS-2600

The Wireless Spectrometer

from PASCO is specifically

designed for modern

chemistry, biology, and

physics labs. With

Bluetooth and USB

connectivity, students can

quickly connect from their device

or computer using the free PASCO

Spectrometry Software. With this affordable

spectrometer students can gather a full spectrum of data in under
one second. After specifying a target wavelength, students can
study concentrations (Beer's Law), rates of reactions, or investigate
emission spectra using the optional fiber optic cable.

Applications:

» Photosynthesis with DPIP

» Absorption spectra of plant pigments

» Concentration of proteins in solution

) Rate of an enzyme-catalyzed reaction

» Growth of a cell culture

» Absorption spectrum of chlorophyll

» Emission spectra of light from flame tests or other sources
) Easily identify peak wavelengths for concentration data

» Study the relationship between concentration and absorbance
(Beer's Law)

» Reaction Kinetics

) Fluorescence of chlorophyll and other compounds

» Enzymatic reactions

» Photosynthesis with algae beads using a pH indicator

Full visible spectrum analysis

of solutions with a large digits
display helps set the wavelength
and see the absorbance.

Specifications:

Resolution: 2-3 nm FWHM
Detection Range: 380-950 nm
Fluorescence Excitation Wavelengths: 405 nm and 500 nm
Light Source: LED-boosted tungsten

Bluetooth: Bluetooth 2.0

Includes:
e Cuvettes (10)
e Spectrometry Software

Order Information

Wireless Polarimeter (3]
PS-3237

PASCO’s Polarimeter has

both Bluetooth® and USB

connectivity, so it works

on your iPad®,

Chromebook™, tablets,

and computers. It is

ideal for introductory

Organic and Biochemistry

experiments with chiral compounds.

In this new device, plane polarized light is

passed through a sample, which contains a chiral compound,
to an analyzer and a detector. The degree of optical rotation of
the plane polarized light is based on the type and amount of
sample present.

Determine the concentration of a sugar solution based on the optical
rotation of plane polarized light.

Optical rotation
of sucrose

Features:

» Bluetooth® and USB connectivity

» 589 nm LED light source

» + 0.09° optical rotation accuracy

» SPARKvue and Capstone compatible

» Industry-standard, horizontal polarimeter sample cell (100 mm)

Includes:
e Sample Cell

pare1ess SPECHOMEIET (1S) oo Po-2600
Recommended: Oder Inforatlon
Fiber Optics Cable..........ewvererereererersreererensonns PS-2601 p. 292 VATl OB TR ccccococcosscmmomsceosscmmomseeossenmmssceossconces PS-3237
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Wireless Blood Pressure €
Sensor with Standard Cuff

PS-3218

PASCO’s Wireless Blood Pressure Sensor
allows students to quickly and easily
measure both systolic and diastolic arterial
blood pressure (mmHg) as well as heart rate
(pulse in bpm). Comparing the digits display
for systolic and diastolic pressure with the
display of blood pressure from the real-time
graph helps students gain a contextual
understanding of the physiology of blood
pressure.

Applications:
» Determine effects of exercise on blood
pressure and heart rate

» Compare the blood pressure and heart
rate of different students in the class

» Explore effects of body position on blood
pressure & heart rate
Specifications:
Heart Rate Units: beats per minute (bpm)
Heart Rate Range: 36 to 200 bpm
Heart Rate Accuracy: +1 bpm
Heart Rate Resolution: 1 bpm
Blood Pressure Units:
millimeters of mercury (mmHg)
Blood Pressure Range: 0 to 375 mmHg
Blood Pressure Accuracy: +3 mmHg
Blood Pressure Resolution: 0.05 mmHg
Gauge Pressure Units:
mmHg, N/m?, kPa, atm, psi
Gauge Pressure Range: 0 to 375 mmHg
Gauge Pressure Accuracy: +3 mmHg
Gauge Pressure Resolution: 0.05 mmHg

Includes:

e Wireless Blood Pressure
Sensor

e Standard-size Arm Cuff

e Bladder and pressure
release valve

Order Information

Wireless Blood Pressure Sensor
with Standard Cuff.................. PS-3218

Wireless Exercise
Heart Rate Sensor
PS-3207

The Wireless Exercise Heart Rate Sensor
has a chest strap and will transmit data
wirelessly up to 10 m away! The electrode
belt fits around the ribcage (worn against
the skin for best results, but can be worn
over a shirt if saline solution is applied under
the electrodes) and wirelessly transmits the
cardiac signal to the sensor.

Applications:

» Compare a student’s heart rate before,
during, and after exercise

) Calculate recovery rate after physical
activity

» Determine the effects of mild stimulants
(e.g. caffeine)

) Investigate how heart rate changes when
a student sits, reclines, stands or moves
suddenly

Graph shows
the heart rate
as a student
alternates
between
exercising
and resting.

Includes:

¢ Bluetooth® Heart Rate Module
e Coin Cell Battery

e Chest Strap (M-XXL)

Order Information

Wireless Exercise
Heart Rate Sensor................... PS-3207

Wireless Hand-Grip ©
Heart Rate Sensor
PS-3206

With these wireless hand grips, conducting
physiology labs on the cardiovascular
system or homeostasis is easier than ever
before. Continuously monitor heart rate
during exercise, or use the sensor to take
initial and final measurements with fast and
reliable heart-rate detection.

Includes:

e Hand Grips

¢ Bluetooth® Heart Rate Module
e Coin Cell Battery

Order Information

Wireless Hand-Grip
Heart Rate Sensor................... PS-3206
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Wireless GO, Sensor
PS-3208

Measure changes in carbon dioxide (CO,) gas levels quickly and
easily with the Wireless CO, Sensor. The sensor is temperature
compensated and can operate in high humidity environments, like
the included sample 250-mL sample bottle. This sensor employs live
data to make core labs, such as photosynthesis, cellular respiration,
and metabolism experiments engaging and impactful. With the ability
to store more than 55,000 data points, this sensor enables studies
to run overnight or throughout entire weekends for carbon cycling
investigations.

Easily compare
\ respiration/
metabolism
rates at
different
conditions.

Includes:
e 250-ml Sampling
Bottle

e USB Charging
Cable

Order Information

Vi1 ES S GG BT O ———————— PS-3208

Dissolved CO, Waterproof Sleeve
PS-3545

The Wireless CO, Sensor can be equipped for agueous
measurements using this semipermeable sleeve. The sleeve is
waterproof but allows CO, gas to pass through the membrane,
creating a headspace around the sensor. Monitor photosynthesis
and respiration of aquatic plants or animals with the sample bottle
or with other chambers. (Please note: Improper use will void sensor
warranty.)

Includes:
e Sleeves (5)
e O-rings (5)

Order Information

Dissolved CO, Waterproof SIBeVe ...........c.c..oueevvriivnncs PS-3545

Wireless Oxygen Gas Sensor g
PS-3217

The Wireless Oxygen Gas Sensor measures gaseous O,
concentration as well as humidity and air temperature for a

range of biology, environmental science, and physiology activities.
The Wireless Oxygen Gas Sensor is accurate and easy to use,
making it the perfect sensor to study photosynthesis, respiration,
and oxygen cycling in the environment. With remote logging
experiments can go beyond the lab period and easily give students
hours or days of data for analysis. The Wireless Oxygen Gas Sensor
also contains sensors to measure ambient temperature and humidity
as well as oxygen gas levels.

Includes:
e USB Charging Cable
e 250-mL Sampling Bottle

Order Information

Wireless 0Xygen Gas SENSOr............cceuereererereeeeersesesnnenns PS-3217
Also available:
Wireless Oxygen Gas Replacement Sensor........................ PS-3606

Wireless Oxygen Gas
Replacement Sensor
PS-3606

Replacement sensing unit fits inside the

wireless Oxygen gas sensor.

Specifications:
Oxygen percent composition: within 1%
Oxygen percent: 0 to 100%

Order Information

Wireless Oxygen Gas Replacement Sensor...............c....... PS-3606
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Biology Sensors

EcoZone™ System ic-6668

EcoChamber we6667

» Three interconnected EcoChambers (ME-6668)
or one stand-alone EcoChamber (ME-6667)

» Designed for sensor-based measurements

PASCQO’s EcoZone System is designed to help students model and understand the
complex interactions within, and among, different ecosystems. The three clear acrylic
EcoChambers are specially designed to accommodate PASCO sensors, making
qualitative and quantitative measurements as easy as observing.

With three interconnected chambers, students can model the interaction between three
different ecosystems. Choose the traditional terrestrial, aquatic, and decomposition

arrangement or create unique biomes to model and measure. Decouple the system for
isolated investigations. How does the availability of light affect the ecosystem? Students

can create two identical ecosystems and monitor one in light conditions and one in dark.

Opening connects the chambers to
allow the interaction between the

living and non-living components of
each unique ecosystem.

I
The included cord efficiently
wicks water between the
chambers.

ME-6667 Includes:
e Acrylic chamber

e Stoppers of various sizes (7)
e Probe stoppers (5)

e 20 cc calibrated syringe

e Sample tube with connector

Decomposition
Chamber

ME-6668 Includes:

e Three individual
EcoChambers with lids

e Custom tray for holding
EcoChambers in a
connected ecosystem

e Stoppers and connectors
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Keep the system closed during chemical testing — use the
included syringe to extract water. Or inject pollutants into the
system and see how the ecosystem responds.

Terrestrial Aquatic
Chamber Chamber

Cleanup is easy, and the chambers are
durable enough to use again and again.
The unique design of the PASCO EcoZone
System allows you to use your sensors to
actively measure a model ecosystem.

For more information on sensors and
probes available for use with the EcoZone
System, see www.pasco.com/ecozone
and scroll down to the Buying Guide.

Observe the photosynthesis and respiration cycles of the simulated
microclimate in the EcoZone and their effect on carbon dioxide.

Order Information

e Cotton wick EcoZone System ME-6668
) . . EcoChamber ME-6667
e Syringe and plastic tubing
800.772.8700 (inside US) | +1916.786.3800 (outside US) 63
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Biology & Environmental Sensors

Wireless Optical Dissolved Oxygen ¢
Sensor
PS-3224

The Wireless Optical Dissolved Oxygen (ODO) Sensor is ideal for
monitoring DO, in the lab or field. The Wireless Optical DO Sensor
contains three different probes. In addition to the dissolved oxygen
sensor, it also includes probes for measuring atmospheric pressure
and water temperature. The optical technology is accurate, fast,

and does not require stirring, filling solutions, warm-up, or frequent
calibration. When equipped with the included cover, the sensor has
a waterproof design and is submersible to a depth of 10 m.

A PASCO exclusive feature allows you to log data using the sensor's
built-in memory. After collecting data for hours or even days, simply
connect the sensor to your device and you're ready to download your
data. With this powerful sensor, educators can explore day and night
nutrient cycles, changes in metabolic processes, seasonal changes
in water quality, and more.

Applications:
» Teaching field sampling
techniques

) Exploring how temperature
influences dissolved oxygen
concentrations

» Measuring net primary
productivity

» Modeling ecosystems

» Monitoring water quality and
investigating watersheds

» Investigating photosynthesis
and cellular respiration in
aquatic environments

Specifications:
Dissolved Oxygen Range: 0 to 20 mg/L, 0 to 300% saturation

Accuracy - with user calibration: +0.2 mg/L or 1%

(whichever is greater)

Accuracy - out of the box: +0.5 mg/L or 3% (whichever is greater)
Response Time: 90% in 45 sec

Measurements: Concentration (mg/L), Saturation (%), O, Gas

(in air, qualitative) (%), Temperature (°C)

Waterproof Depth: 10 m (30 ft)

Includes:

e USB Cable (for recharging and
optional direct connection)

e Protective cover

Order Information

Aquatic Productivity Bottles
ME-6937

The Aquatic Productivity Bottles rest in a rack that provides
consistent and reliable light control for quantitative aquatic
productivity studies. The identical

transparent bottles nest in each of

the five rack positions. The custom

design of the rack shields the

bottles from light

by blocking a

fixed percentage

of light in 25%

increments from

0 to 100%.

The Aquatic Productivity Bottles were completely filled with algae solution and the
initial dissolved oxygen (DO) concentrations of the solutions were determined with

a DO sensor. The bottles were then placed into the rack and the specially molded,
light-varying lid was locked into place over the bottles. After 24 hours of incubation
in fluorescent light, the bottles were removed from the rack and the DO concentration
was again determined with a DO sensor. Using the initial and final readings, students
calculated Net Primary Productivity and Gross Primary Productivity.

Net Primary
Productivity (mg/L)
vs. Light Intensity
(%) Notice that
for the bottle in
the dark, the Net
Productivity is
negative.

Includes:
e Plastic bottles w/lids (5)
e Case with slotted lid

Wireless Optical Dissolved Oxygen Sensor ............ccccoceveenee. PS-3224
Recommended: n
Wireless Optical Dissolved Oxygen Sensor Metal Guard ....... PS-3604
Wireless Optical Dissolved Oxygen Sensor Cap...................... PS-3605 At RIOHICHIVItY]E Dlt]ES e ———— ME-6937
Shown in use with: Shown in use with:
Photosynthesis Tank PS-2521B Wireless Optical Dissolved Oxygen Sensor ........................ PS-3224
64 more information at pasco.com



Biology & Environmental Sensors

Wireless Weather Sensor with GPS §
PS-3209

The Wireless Weather Sensor is an all-in-one instrument for
monitoring complex environmental conditions. It houses several
sensing elements within a single unit to provide 19 different
measurements. Use the sensor in logging mode with the Weather
Vane Accessory for long-term monitoring, or use it as a handheld
instrument to study microclimates and record ambient conditions
relevant to environmental phenomena. You can wirelessly export data
to your device for classroom analysis and group activities that are
constrained by time. With the built-in GPS, you can collect location
data for student investigations and analyze it on the map display,
powered by ESRI ArcGIS, within SPARKvue software.

Measurements

. Ambient Temperature
. Barometric Pressure
. Wind Speed

. Wind Direction (true)
. Relative Humidity

. Absolute Humidity

. Dew Point

. Wind Chill

. Heat Stress Index

—

O 0 N O O b W N

10. Ambient Light (lux)
11. UV Index

12. PAR

13. Irradiance

Light

14, Latitude

15. Longitude

16. Altitude

17. Speed

18. Magnetic Direction
19. True Direction

Shown with optional weather vane accessory, sold separately.

Specifications:

Water-resistant: |IP-64 splash-proof

Battery: Rechargeable

(Please see pasco.com for detailed specifications.)

Includes:
e USB charging cable

Order Information

Wireless Weather Sensor with GPS .............ccccoeervricnen. PS-3209
Suggested:
Weather Vane ACCESSOIY .......cviiririrereerererereiesesesissesenenes PS-3553

Weather data colored and viewed on one of several global base maps.

Weather Vane Accessory
PS-3553

Equip your Wireless Weather Sensor for extended environmental
monitoring with the Weather Vane Accessory. Once deployed
the sensor will freely rotate to capture wind speed and direction,

whether you are monitoring data

in real time or using the sensor in 8
logging mode to capture hours -

(or days!) of data for later analysis.

Includes:

e Tripod

e Tripod Adapter ’

* Weather Vane

Order Information

Weather Vane ACCESSOIY .......vovvveruruerereereneriseriererenes
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Wireless Sensor Charging Station ¢
PS-3599

» Charge all types of PASCO wireless sensors
» Remove partitions to resize sensor bays

This versatile charging station can be configured to fit any size
sensor by adding or removing partitions.

Includes:

e Wireless Sensor Charging Station (13 cm x 35 cm)
e Power Adapter

e USB Charging Cables (10)

e Removable Partitions (9)

Order Information

Wireless Sensor Charging Station .............cccoenicniens PS-3599

Wireless Sensor Packs

» Includes 8 sensors in each Gratnells® storage tray
Wireless Temperature Sensor Pack

PS-3330

Wireless pH Sensor Pack

PS-3331

Wireless Conductivity Sensor Pack
PS-3332

Wireless Pressure Sensor Pack

PS-3333

Wireless Colorimeter & Turbidity Sensor Pack
PS-3334

Wireless Voltage Sensor Pack

PS-3335

Wireless Current Sensor Pack

PS-3336

Wireless Motion Sensor Pack

PS-3337

Wireless Light Sensor Pack

PS-3338

Wireless Force Acceleration Sensor Pack
PS-3339

Wireless Weather Sensor with GPS Pack
PS-3340

Wireless CO, Sensor Pack

PS-3341

Wireless Sound Sensor Pack

PS-3342

Order Information

Wireless Temperature Sensor PackK.............cccceeuevene ....PS-3330
Wireless pH Sensor Pack ............... .PS-3331
Wireless Conductivity Sensor Pack. .PS-3332
Wireless Pressure Sensor Pack..................... .PS-3333
Wireless Colorimeter & Turbidity Sensor Pack ................... PS-3334
Wireless Voltage Sensor Pack .............cceeeerveevirericvenenenns PS-3335
Wireless Current Sensor Pack.... .PS-3336
Wireless Motion Sensor Pack. .PS-3337
Wireless Light Sensor Pack............cccccevevreveeecrerseneseeenens PS-3338
Wireless Force Acceleration Sensor PackK..................c....... PS-3339
Wireless Weather Sensor with GPS Pack... .PS-3340
Wireless CO, Sensor Pack..................... .PS-3341
Wireless Sound Sensor PackK.............cceveeeriniriresisrerenenes PS-3342

Make any PASPORT sensor wireless
by connecting to an AirLink®

AirLink Interface
PS-3200

The AirLink connects PASPORT
sensors to a Mac or Windows
computer, Chromebook, iPad,
tablet, or smartphone via
Bluetooth or USB connection.
The USB cable is included.

Order Information

AIrLInK INEIACE .....cvevevieieiieiccereveeece e PS-3200

Does your Bluetooth need a boost?

USB Bluetooth Adapter ¢
PS-3500

If you are using our wireless sensors

and working on an older Mac (without
Bluetooth 4.0 connectivity) or if you are
using some Windows computers and
Chromebooks, you will need a USB
Adapter.

See pasco.com/compatibility if you have questions about Bluetooth connectivity.

Order Information

USB Bluetooth Adapter.........cccceeerveneceeninineeennns PS-3500
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Wireless Sensor Storage Trays

» Each tray can store up to 10 wireless sensors.
Wireless Temperature, pH and Conductivity Sensors Storage Tray
PS-3585

Wireless Pressure Sensor Storage Tray
PS-3586

Wireless Colorimeter and Turbidity Sensor Storage Tray
PS-3587

Wireless Voltage and Current Sensors Storage Tray
PS-3588

Wireless Motion Sensor Storage Tray
PS-3589

Wireless Light Sensor and AirLink Storage Tray
PS-3594

Wireless Force Sensor Storage Tray
PS-3595

Wireless Weather Sensor Storage Tray
PS-3596

Wireless Hand-Grip Sensor Storage Tray
PS-3597

Wireless CO, Sensor Storage Tray
PS-3598

Order Information

Storage for Wireless Temperature, pH and

Conductivity Sensors PS-3585
Storage Tray for Wireless Pressure Sensors....................... PS-3586
Storage Tray for Wireless Colorimeter and

Turbidity Sensor PS-3587
Storage Tray for Wireless

Voltage & Current Sensor PS-3588
Storage Tray for Wireless Motion Sensor .............ccccccueeee. PS-3589
Storage Tray for Wireless Light Sensor

and AirLink PS-3594
Storage Tray for Wireless Force Sensor ..............ccccecueueene. PS-3595
Wireless Weather Sensor Storage Tray ..........c.coceeeueerenenens PS-3596
Wireless Hand-Grip Heart Rate

Sensor Storage Tray PS-3597
Wireless CO, Sensor Storage Tray ............c.coeeveeverieiinnc PS-3598

Gratnells Rolling Carts
EP-3574 (2-column) EP-3575 (3-column)

Gratnells Rolling Carts are the best way to store and transport
PASCO sensors and equipment. They can be configured for trays of
any size and include large casters with brakes for added stability.
Designed for Gratnells trays, these movable storage rack carts can
store up to 8 (2 column) or 12 (3 column) Gratnells F2 trays (sold
separately). Each carts comes with either 16 or 24 pairs of runners.
They can be used to store the equipment kits from the Essential
Physics or Essential Chemistry curriculum, the storage trays we offer
for wireless sensors, or any of the four sizes of empty trays that we
offer for everything else you'd like to store.

Assembly is required. Trays not included.

EP-3574
EP-3575

EP-3575:

Stores up to

12 Gratnells F2 trays

16 pairs of runners
Dimensions: 107 cm high,
102 cm wide, 43.5 cm deep

EP-3574:

Stores up to

8 Gratnells F2 trays

24 pairs of runners
Dimensions: 107 cm high,
70 cm wide, 43.5 cm deep

Assembly is required. Trays not included.

Order Information

Gratnells Rolling Cart (2-Column) .........cccocvurrnirinnnne EP-3574
Gratnells Rolling Cart (3-column) .........cccoovevevrveererennen EP-3575

Gratnells® Storage Trays with Lids

These empty Gratnells storage trays with lids have a length of
427 mm and width of 312 mm. The depth of each follows:

F1: 75 mm F25: 225 mm
F2: 150 mm F3: 300 mm
F1 F2 F25 F3

Order Information
Storage Tray (F1) Shallow .........cccceerveveecceeeeiceiee PS-3326
Storage Tray (F2) Deep..... PS-3327
Storage Tray (F25) X-Deep .. ...PS-3328
Storage Tray (F3) JUMDO........ccooveuerereeicceeeiecceiae PS-3329

800.772.8700 (inside US)
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Make the switch to PASCO CapSIoONE 2

The Most Advanced Data Collection Software in Science Education

PASCO is pushing the limits of technology, so you can push your students to their potential. Working closely with educators,
we continuously develop Capstone™, making improvements and enhancing the teaching features. Capstone is designed to
handle large data sets, high-speed sampling, and customized preferences to fit the needs of your lab. A straightforward user
interface is approachable for beginners, yet Capstone offers all the capabilities needed for even the most advanced users.

Features in PASCO Capstone 2

Circuits Emulation

Reinforce circuit concepts and tackle student misconceptions using

circuit visualization.

Resistor

Capacitor

Switches

Voltage Sensor

Ammeter

N
Draw your own circuits!

Combine real-world circuits with
simulations, animations, and live
measurements.

With this tool you can:

» Construct and modify circuits

) Show conventional current
and electron flow animations
» Animate circuits with live
sensor data
Build your own circuits in
Capstone. Drag and drop
components and draw wires
to connect.
p Demonstrate series and parallel

» Charge and discharge capacitors

Examples of other circuit emulations

-~

-

~

e

.

~N

-

.

~N

» Animated conventional current flow
» Animated capacitor—charge

or discharge
» Edit capacitor values

» Animated electron flow
» Connect components in parallel
or series

» Operate switches
P Edit voltage and resistor values

68
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t BIOCkly Block-based Coding

» Control all PASCO sensors and interfaces
» Create sense and control programs
» Control outputs from sensor inputs

Bring computational thinking
into your science lab!

-

-

~

Graph Pop-up Tools

Quick access to commonly used analysis tools

4 N
\§ 4
f :
Download the Free Trial
www.pasco.com/Capstone
Requires Mac 2 --
or Windows ‘ .-
.

Visit pasco.com/capstone for more information.

Capstone has all the software tools you need for

data collection and analysis. And we continue to

add more features, based on input from physics

educators just like you!

» Exclude or delete selected data points from analysis.

» Create models using the calculator.

» Calculated columns in tables

P Error bars

P Weighted linear fit that takes into account error bars

» More complex curve fits such as damped sine, Gaussian,
sine series, and user-entered fits

» Smooth data directly on a graph with slider tool.

P Global preferences settings

Order Information

PASCO Capstone
Single User LiCense .........ccovveveieriniennnne UI-5401 or UI-5401-DIG
PASCO Capstone
Site LICENSE.....cveveveveeeeviieeereceee s UI-5400 or UI-5400-DIG

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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PASCO Capstone 2

Configure PASCO Hardware
Works with PASPORT, Science\Workshop,
| and Wireless Sensors

Photogate Timer Wizard
Easily configure photogates and
| timing measurements —

Data Summary

» Equations/calculations
» Fundamental constants
» Experimental constants
» Trials and runs
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Sensor Calibration Wizard
P Step by step calibration
» Many calibration types

Signal Generator
» Scan through a range of frequencies
| » Control signal output with a calculation

Calculator
» Graph modeling
| » Create data sets using sensor data

I

' Replay Your Data Sampling Options
» Change replay rate LB ) Continuous manual sampling
» Increment by frame P Fast monitor mode
» Loop playback » Independent sensor sampling rates

» Start/stop conditions
» Zero sensor

Capstone 2 Includes Video Analysis

e R
N J
Sophisticated scientific calculator has Import video and analyze the motion of objects to measure position,
statistics, calculus, filters, logic functions, velocity, and acceleration. With this tool you can also:
and special operations such as amplitude » Show velocity and acceleration vectors PASCO’s
and period. » Use magnifier to identify exact center of an object psrgr’:is";:tg;mg_p
P Use calibration ruler at any time US. Patent
» And so much more! Number

10,356,594
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PASCO Capstone 2

DISPLAYS

Display Your Data Your Way
» Graph » Table P Digits P Scope P FFT D) Meters

Graph Tools Include

» Draw predictions on graphs before taking data.
» Multiple y-axes and/or multiple plot areas

» Perform Quick-Calcs on the graph axis to linearize data.
» Curve-fits report the uncertainties in the parameters.

» Multi-coordinate tool gives y-values wherever it

intersects data.

Error Bars and Weighted Linear Fits

-~

Delete Runs

P Last run only
» Select from list
» All runs

Made a mistake?

Just hit

UNDO

-

~

J

Graph uncertainties using user-entered error bars,
absolute error, or percent error. The weighted linear fit
incorporates the error bars.

Visit pasco.com/capstone for more information.

Ve

.

Oscilloscope Display FFT Multi-Coordinate Tool
s N N
This display behaves like an authentic digital S )
oscH.Ioscope. Display data in the frequency domain to
» Trigger find peak frequency and harmonics. S )

P Single trace collection
P Sample rate tied to time axis scale
P Set trace offset

P Sample rate tied to axis scale

» Normalize data
» Adjust BIN width

Easily show the relationship between

multiple data plots by comparing data

values across the time axis.

=
—
m
¥
=
()
m
(7p)
Q0
wn
(=)
=
—_
=
=
X
m

800.772.8700 (inside US)
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SPARKvue’ 4 Software

Award-winning data collection and analysis software for any platform

SPARKvue’s intuitive design has made it an award-winning tool for collecting and analyzing experimental data. The user-
friendly platform optimizes data collection and provides tools for in-depth analysis to provide students with a compact,
yet powerful workspace. With the recent release of SPARKvue 4, we've added new features, including a new Welcome
screen and Blockly coding. Now, students can use block-based code to sense and control PASCO devices, including
any of our wireless sensors.

Designed for All Sciences

Collect data in real time using SPARKvue comes
PASPORT or Wireless sensors. installed on every
SPARK LXi.

SPARKvue includes interactive
PASCO’s data displays that are specific

proximity in-app to your activity.
Sensor pairing:

U.S. Patent
Number
10,356,594
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Data Collection:

: Blockly

» Live Data Bar: See sensor readings before recording

» Periodic sampling: Automatic sampling at a fixed rate

» Manual sampling: Saves data only when a user specifies

» Blockly: Use code to control sensor and interface data collection
» Collaborate: Start a shared session and stream results in real time

Data Displays:

» Graph displays with multiple plot areas and axes
» Digits

» Meter

» Data tables

» FFT

» Map Display

» Weather Dashboard

» Oscilloscope

/Try SPARKvue software
for FREE. Get Started Today!

The complete version of SPARKvue is now available as a
FREE app for iPad® and Android™ tablets, Chromebook™, as
well as free apps for iPhone and Android phones.

2 Download on the f
S App Store »

ANDROID APP ON

P> Google play

We also offer free 60-day trials for Windows™ and Mac®*.
Visit www.pasco.com/downloads

Tools for Data Analysis:

) Scale-to-fit: Adjust axis for optimal data view

) Data Selection: Easily select a portion of data for analysis

» Prediction Tool: Visualize a prediction alongside the data

» Smart Tool: Find data coordinates and calculate delta values

) Calculation Tools for Statistics: Easily obtain statistics such as
minimum, maximum, mean values and more

) Slope Tool: Find the slope of a point

) Curve Fits: Various curve fits with goodness of fit values

) User Annotation: Easily add text notes to runs or points

» Axes: Add another y-axis or a new plot with one button

SPARKvue Resources:

) Video Library: 330+ free videos featuring SPARKvue

) PASCO Blog: Dozens of fun applications for SPARKvue

» Experiment Library: 80+ free and downloadable SPARKvue labs
» FREE webinar training from PASCO professionals on our website
» On-site Workshops: Personalized professional development

) Visit www.pasco.com/training-and-development
for more information

Android iPhone SPARK LXi Android iPad
phone tablet

Windows
tablet

Cross-Platform Compatibility

Chromebook PC Mac

SPARKvue

(single user license) PS-2401
sparkvue’ (site license) PS-2400

i
(I ! --
o Windows® and Mac® '
.o ]

Order Information

SPARKvue Single User LICENSE..........c.ccoveeeruieriieneenns PS-2401
SPARKvue Site License

*iPad, iPhone, and Mac are trademarks of Apple Inc., registered in the U.S. and other countries. App Store is a service mark of Apple Inc. Android, Chromebook, and Google Play are
trademarks of Google Inc. Windows is a registered trademark of Microsoft Corporation in the United States and/or other countries. © 2021 PASCO Scientific. All rights reserved.

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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MatchGraph!™ Software

PASCO MatchGraph!

» Students feel the motion firsthand and learn how to interpret
motion graphs! Watch your students compete to get the best
match score.

» The sample graphs to match include both
Position vs. Time and Velocity vs. Time.

attempt to match the motion represented on the graph.

High Score

Name Score

There are nine position profiles to match. The tenth
choice allows the students to use the motion sensor
without a profile on the graph.

1)) MatchGraph!"

) The student moves back and forth in front of a motion sensor in an

Students learn while having fun competing
for the highest score. The program keeps
track of the scores for each profile.

The students get to see their motion for a few seconds before the matching starts so they can get
lined up. Here the black line is the match profile and the red line is the student’s attempt to match it.

The velocity profiles to match correspond
to the position profiles.

FREE MatchGraph!™ Software

Now works
with all
Motion

] ")) MatchGraph!"

> Sensors and

Smart Carts!
Go to pasco.com/downloads
and click on MatchGraph.

Download FREE MatchGraph! software for Mac® and Windows® computers at
pasco.com. Download the free iPad® or Android™ app on the App Store or
Google Play.

nload on the

. App Store » Goog
Order Information
Required:
Wireless Motion SENnsor ...........ccoeveeeerireeeennen. PS-3219 p. 51
OR
PASPORT Motion SENSOr...........ccceveeeeveeevruererenenes PS-2103A p.28
OR
Motion SenSor Il........c.ceveveeueeeverecicceeeeeeceias Cl-6742A p.20
*Requires a USB or Bluetooth interface; see pages 66.
OR
Smart Cart (Red) .......ccvveevrieerrierieriesieeecine ME-1240 p. 50

74 more information at pasco.com



Spectrometry Software

PASCO’s Free Spectrometry Software Puts Learning First
PASCO’s own software for the PASCO Spectrometer works on i0OS®, Android™, Computers, and Chromebooks*

» Designed by teachers

» Specialized software specifically targets
spectrometry activities

» Program guides students through the four common
types of spectrometer uses

) Calibration routine is made obvious

The four specially targeted activities are:
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1. Analyze light sources with the optional Fiber Optic Cable.

2. Analyze the absorbance, transmittance, and fluorescence
of colored solutions.

3. After the analysis wavelength is set, you can easily
create calibration curves and determine the unknown
concentration of a solution.

4. Observe the kinetics of a reaction involving a colored
solution. Easily create the required graphs (In(x), 1/x)
to determine the order of the reactants.

Helium Spectrum

Shown using the optional
Fiber Optic Cable.

The Wireless Spectrometer comes with PASCO’s award-winning
spectrometry software.

) Free software for iOS®, Android™, and Mac®
» Will run on Chromebooks™ with Google Play
» Designed specifically for introductory spectrometry experiments

1. Analyze light sources with the optional

Fiber Optic Cable.
2. Full visible spectrum analysis of solutions 3. Create Beer’s Law plots to relate absorbance and 4. Quickly plot calculations of concentrations vs. time
concentration. to determine the order of the reaction.
Includes - - - : -
« PASCO Spectrometer *Our list of compatible Chromebooks is expanding rapidly.

Check pasco.com/spectrometer for the latest updates.

e Cuvettes (10)

e Spectrometry Software Order Information

Wireless Spectrometer (VIS)........ccccovvverveeenne PS-2600
Required for External Light Sources:
Fiber Optics Cable...........ccccoeeevevericicrercrinens PS-2601  p.292

800.772.8700 (inside US) | +1916.786.3800 (outside US) 75



Comprehensive Physics Systems

See page 78 for a list of experiments in the

© Comprehensive 850 Physics System NOTE: The 850 Universal Interface (UI-5000)
"1 UI-5800D must be purchased separately.
% » Designed for the 850 Universal Interface and PASCO Capstone™ Software
g The 850 Comprehensive Physics System consists of 83 The key to a successful lab is a PASCO Capstone electronic
experiments and all the equipment and sensors needed to workbook. These workbooks have step-by-step instructions with
J ) ! . . . .
perform these experiments. The experiments cover topics, live, embedded displays, such as graphs, FFTs, oscilloscopes, and
~— suchas mechanics, waves, optics, thermodynamics, and meters. They contain the theory, experiment set-up, procedure, data
3 electromagnetism. The included experiment manual contains analysis, and questions designed to get the students to think about
==)| instructions written in Word®, a PASCO Capstone electronic their results. These electronic workbooks can be easily modified by
)| workbook, and sample data. teachers to fit their individual needs.
(o'
(o
]
(&)

included manual. Download free experiments at
pasco.com/850experiments

Comprehensive 850
Mechanics Bundle

Ul-5801C
(Component of the 850 Comprehensive System UI-5800D)
Includes:
e Force Sensor Track Bracket ME-6622
e Cart Adapter Accessory ME-6743
e Compact Cart Mass (2) ME-6755
e Time-of-Flight Accessory ME-6810A
* Photogate Mounting Bracket ME-6821A
e Mini Launcher ME-6825B
e Dynamics Cart Magnetic
Damping ME-6828
* Mini Ballistic Pendulum
Accessory ME-6829
e Spring Cart Launcher ME-6843
e PAScar (Set of 2) ME-6950
e Super Fan Cart ME-6977
e Density Set ME-8569A
e Discover Friction Accessory ME-8574 e Pendulum Clamp ME-9506
e Large Rod_ Base ME-8735 « Multi-Clamp (2) ME-9507
* 45 cm Stainless Steel Rod ME-8736 e Variable Speed Motorized Cart ~ ME-9781

* 90 cm Stainless Steel Rod ME-8738 ¢ Gentripetal Force Pendulum ME-9821 Order Information

e Picket l':ences (Smart Timer) (2) ME-8933 e PASPORT Motion Sensor (2) PS-2103A Comprehensive 850
* Dynamics Track End Stop () - ME-8971 , pASPORT Rotary Motion Sensor PS-2120A  Physics System........ UI-5800D

e Dynamics Track Feet (Pair) ME-8972 « PASPORT High Resolution SR
. Mass_ and Hanger Set ME-8979 Force Sensor (2) PS-2189 oet Univérsal
* Elastic E}umpler ME-8998 e Wireless Acceleration/Altimeter  PS-3223 . UI-5000 p. 14
o poo 2 i * Pulley Mounting Rod SA-9242 PASCO Capstone™ Software 68-71
* Picket Fence ME-9377A ¢ No-Bounce Pad SE-7347 pstone - Software....... pp.
. 1La2rge l?ble Clamp ME-9472 o Braided Physics String SE-8050 Want Mechanics Only?
¢ Lem Auminum e Comprehensive 850 Physics System Comorehensive 850
e e o oa,  Experiment Manual UI-6813 Mechanics Bundie. U-5601C
* Photogate Head (2) ME-9498A o Rotational Inertia Accessory ME-3420

76 more information at pasco.com



Comprehensive Physics Systems

Comprehensive 850 Waves, Optics and Thermodynamics Bundle

UI-5802A (Component of the 850 Comprehensive System UI-5800D)

(ep]
(e
o
Includes: =
e Sound Sensor with Microphone Ul-5101 2
e Energy Transfer - Calorimeter ET-8499 —
e Precision Diffraction Slits 0S-8453 =
« Green Diode Laser 05-84588B =
e Color Mixer Accessory Kit 08S-8495 Q0
e Color Mixer 0S-8496 oo
e Basic Optics System 08S-8515C c
* Red Diode Laser 0S-8525A %
e Polarization Analyzer 0S-8533A —
e Linear Translator 0OS-8535A m
e Adjustable Focal Length Lens 0S-8494 »
o PASPORT Absolute Pressure Sensor PS-2107
e PASPORT Quad Temperature Sensor PS-2143
e PASPORT High Sensitivity Light Sensor  PS-2176
e Sympathetic Resonance Box Set SE-7345
e Banana Plug Cord - Red (5 Pack) SE-9750
e Radiation Cans TD-8570A
e Absolute Zero Sphere TD-8595
e |deal Gas Law Apparatus TD-8596A
¢ Resonance Air Column WA-9606
e String Vibrator WA-9857A
e Mini Speaker WA-9605
The experiments for this section require some of the

Comprehensive 850 Electromagnetism Bundle
UI-5803 (Component of the 850 Comprehensive System UI-5800D)

Comprehensive 850 Physics System (UI-5800D)
Includes:

e Comprehensive Mechanics (Ul-5801C)

e Comprehensive Waves, Optics, and Thermodynamics (UI-5802A)
e Comprehensive Electromagnetism (Ul-5803)

components of the 850 Comprehensive Mechanics UI-5801B.

See page 78 for manual. Download free experiments at
pasco.com/850experiments

Includes:

e Alnico Bar Magnets (2) EM-8620
e Zero Gauss Chamber EM-8652
e AC/DC Electronics Laboratory EM-8656
e Basic Electrostatics System ES-9080B
e Field Mapper Kit PK-9023
e PASPORT Current Probe (2) PS-2184
* PASPORT 2-Axis Magnetic Field Sensor pPS-2162
e Banana Plug Cord Sets, 30 cm Length SE-7123
e Plotting Compass Set (20) SE-8680
e Dip Needle SF-8619
e \/oltage Sensor (unshrouded) (4) Ul-5100
e BNC Function Generator Output Cable (unshrouded) UI-5119
e Resistor Capacitor Inductor Network Ul-5210

The experiments for this section require some of the components
of the 850 Comprehensive Mechanics UI-5801B.

See page 78 for a list of experiments in the included manual.

Order Information

Comprehensive 850 Physics System.................... UI-5800D
Required:

850 Universal Interface...........ccovvveveveverereeeennnne UI-5000 p.14
PASCO Capstone SOftWare...........ccceeeeevveveevererereceeeeeeieienenes pp. 68-71
Also available separately:

Comprehensive 850 Mechanics Bundle ............... UI-5801C
Comprehensive 850 Waves, Optics and

Thermodynamics Bundle .............cccoeevvveveveverenennne UI-5802A
Comprehensive 850

Electromagnetism Bundle............ccccovvivriiiiiriennns UI-5803
Comprehensive 850 Physics System

Experiment Manual.............c.ccoeveeeeieieiceiciennne UI-5813

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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Comprehensive Physics Systems

Comprehensive 850 Physics System Experiment Manual

UI-5813

PASCO Capstone workbook files with sample data are supplied for each experiment. PASCO Capstone workbook files are manuals
in electronic form with step-by-step instructions and interactive displays and analysis tools. The experiments are written at the advanced
high school or introductory college physics level.

See pages 80-81
for the equipment
bundles needed for
these experiments.

Comprehensive 850 Physics System Experiment List

Mechanics

(49 Experiments)

 Introduction to Measurement

e Uncertainty and Error Analysis

® Relative Motion in One Dimension

* Match Graph: Position and Velocity vs. Time

e Instantaneous and Average Speed

e Position and Velocity

® \elocity and Acceleration

e Equations of Motion

* Acceleration of a Freely Falling Ball

® Acceleration of a Freely Falling Picket Fence

e Acceleration on an Incline

® Projectile Motion

® Projectile Motion — Against a Wall

* Newton’s First Law — No Net Force

e Newton’s Second Law

® Force and Acceleration

e Inertia and Newton’s Second Law

e Newton’s Third Law

e External Forces and Newton’s Third Law

* Atwood’s Machine

® Acceleration Up an Inclined Plane

e Static Equilibrium

* Coefficients of Static and Sliding Friction

 Friction and Newton’s Laws

® Magnetic Drag

® Terminal Velocity for Objects of Different
Surface Areas and Masses

* Centripetal Force on a Pendulum

e Conservation of Energy on an Inclined Plane

® Gravitational Potential Energy

* Hooke’s Law and Elastic Potential Energy

* Conservation of Energy for a Simple Pendulum

* Work-Energy Theorem

e Conservation of Momentum in Collisions

* Impulse and Change in Momentum

® Ballistic Pendulum

e Newton’s Second Law for Rotation

* Rotational Inertia

¢ Rotational Kinetic Energy

e Conservation of Angular Momentum

® Simple Harmonic Motion — Mass on a Spring
e Oscillations of Cart and Springs

e Oscillation Equations of Motion

® Driven Harmonic Motion — Mass on a Spring
e Physical Pendulum

¢ Period of a Large Amplitude Pendulum
 Variable-g Pendulum

e Physical Pendulum Minimum Period

* Archimedes’ Principle — Buoyant Force

Waves, Optics, and
Thermodynamics

(22 Experiments)

® Heat and Temperature

® Transfer of Energy by Radiation

® Specific Heat

e Electrical Equivalent of Heat

® Boyle’s Law: P and V of a Gas at Constant T
* Absolute Zero

® Behavior and Characteristics of Sound Waves
e Standing Waves on a String

® Resonant Modes of Sound in a Tube

e Speed of Sound in Air

e Superposition of Sound Waves

e Interference of Sound Waves

e Shadow and Color in Light

* Object and Image Distances for a Thin Lens
* Reflection and Refraction

e Focal Length of a Concave Mirror

e Optical Instruments: Telescope and Microscope
® Variation of Light Intensity

® Light Intensity vs. Distance

® Polarization: Verify Malus’ Law

* Brewster’'s Angle

e Diffraction of Light

Electromagnetism
(16 Experiments)

e Electrostatic Charges

e Electric Field Mapping
e Ohm'’s Law

o Series/Parallel Circuits
e Kirchhoff’s Laws:

Resistors in Series and Parallel
¢ Capacitance
e RC Circuit
® Resonant Frequency of an LRC Circuit
e General Properties of Diodes
® Build a Rectifier
e Transistor 1 —

The NPN Transistor as a Digital Switch
e Transistor 2 — Measure the Current Gain
e Earth’s Magnetic Field
* Magnetic Field Mapping
e Induction — Magnet Through a Coil
* Magnetic Field in a Current-Carrying Coil

This manual is included in both the

850 Comprehensive Physics System

UI-5800 and the 850 Comprehensive
Mechanics System UI-5801.

Download free experiments at

pasco.com/850experiments

Order Information

Comprehensive 850 Physics System
Experiment Manual.............. UI-5813

Word® files, PASCO Capstone files, and graphics
are supplied on a flash drive.

78
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Mechanics System

MeChanics 850 system (Includes 850 Universal Interface)

Ul-5820

» Integrates probeware and
physics equipment

» Includes 850 Universal Interface

» Perform a wide variety of
mechanics experiments

When used together, PASCO’s probeware and
physics apparatus can help students learn the
major concepts of mechanics more effectively.
The Mechanics 850 System includes the

key equipment to perform a wide variety of
mechanics experiments.

The new manual has ten complete experiments
that take full advantage of the components

of this system. This makes it the ideal way to
do the essential labs that are standard in all
mechanics courses.

PASCO Capstone software (not included)
enriches the labs with its interactive displays
and analysis tools.

Ten Experiments Included in Manual (UI-5821)

Title ‘ Purpose ‘ Sensors Used
Acceleration Discover how the acceleration Photogate with
Down an of an object down an incline picket fence
Incline depends on the angle of incline.

Measure the acceleration due to

gravity.
Newton’s Verify Newton’s Second Law by Motion Sensor
Second Law varying the applied force and the

mass.
Kinetic Measure the kinetic coefficient of Motion Sensor
Friction | friction.
Kinetic Study how the coefficient of kinet- | Photogate with
Friction Il ic friction depends on the velocity, | pulley

acceleration, surface area, and

weight of the object.
Impulse and Measure the impact force of a cart | Force Sensor/
Momentum and compare the impulse to its photogate

change in momentum.
Conservation | Verify that momentum is Two photogates
of Momentum | conserved for two carts with picket fences
in Explosions | pushing off from each other.
Conservation | Verify that momentum is Two photogates
of Momentum | conserved in inelastic collisions with picket fences
in Inelastic and that kinetic energy is not
Collisions conserved.
Conservation | Verify that momentum is Two photogates
of Momentum | conserved in elastic collisions. with picket fences
in Elastic
Collisions
Conservation | Show spring potential change into | Motion Sensor/
of Energy kinetic energy. photogate with

picket fence

Simple Measure the period of oscillation Photogate and flag
Harmonic of a spring and mass system and
Motion compare it to the theoretical value.

Evaluate the effect of changing the

mass and spring constants.

Impulse Experiment

Measure the force as a function of time

as the cart hits the spring and also measure
the change in momentum using the photogate.

Includes:

850 Universal Interface

PASPORT High Resolution Force Sensor
PASPORT Motion Sensor

Photogates and Fences Dynamics System
1.2 m Aluminum Dynamics Track
Discover Friction Accessory

Force Sensor Track Bracket

Mass and Hanger Set

e Super Pulley with Clamp

e Plunger Cart

e Collision Cart

e Spring Cart Launcher

e Smart Fan Accessory

e Mechanics 850 System Lab Manual
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UI-5000
PS-2189
PS-2103A
ME-9471A
ME-9493
ME-8574
ME-6622
ME-8979
ME-9448B
ME-9430
ME-9454
ME-6843
ME-1242
UlI-6821

Order Information

Mechanics 850 SySteM............coceuriririeiriensereeeeiseeas

Required:

PASCO Capstone SOftware...........cccovvveeeeerereeseiercierenininnas

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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550 Physics

Universal 550 Physics Experiment Bundle
Ul-5830

The 550 Universal Physics System provides
a complete set of labs for mechanics, heat,
light, sound, and electromagnetism. Each
lab consists of student instructions in a
Word® document that the instructor can
modify as they like, a PASCO Capstone
setup file ready for data collection, a
Capstone file with sample data, and all the
lab equipment required for the experiment.
This system was designed to use both
wireless and wired sensors, combined with
the 550 Universal Interface that serves as a
DC power supply and function generator.
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Mechanics

Mechanics Includes:

¢ Rotational Inertia Accessory ® Pj Set e Elastic Bumper ¢ No-Bounce Pad

e Red and Blue Smart Carts e Photogate Mounting Bracket e Spring Kit e Braided Physics String
e 1.2 m Aluminum Dynamics Track e Mini Launcher e Picket Fence e Pulley Mounting Rod

e Friction Block e Mini Ballistic Pendulum Accessory e Multi Clamps (2) e Bumper Accessory Set
e Smart Fan Accessory e Density Set e | arge Table Clamp e Super Pulley

e Wireless Accelerometer/Altimeter e | arge Rod Base e Photogate Head (2) with Clamp

e Smart Cart Rod Stand Adapter e 45 and 90 cm Stainless Steel Rods ¢ Pendulum Clamp e Experiment Manual

e Cart Mass (Set of 2) ° e PASPORT Rotary Motion Sensor

Mass and Hanger Set

Heat, Waves, Sound, and Light

Heat, Waves, Sound, and Light Includes:
e Sound Sensor

e Calorimeter Cup with Lid (2)
e Tuning Fork Set

Electromagnetism

Electromagnetism Includes:
e Bar Magnets (2 Pack)

e Modular Circuits Set

e Modular Circuits Expansion Pack

Polarization Analyzer
Linear Translator

e Resonance Air Column

* Mini Speaker

Basic Optics System
Precision Diffraction Slits
Adjustable Focal Length Lens
Red Diode Laser

PASPORT Absolute Pressure Sensor
PASPORT Quad Temperature Sensor
PASPORT High Sensitivity Light Sensor
Red Banana Plug Cord (5 Pack)
Radiation Cans

Ideal Gas Law Apparatus

e Charge Sensor

¢ Wireless Current Sensor Module

e Charge Producers and Proof Plane
e Faraday Ice Pail

e Conductive Spheres

e FElectrostatics Voltage Source

e Field Mapper Kit

e \/oltage Sensor (2)

80
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550 Physics

In this parallel resistor experiment, the 550 Universal Interface is used as the DC power supply that measures the output voltage and the voltage

550 Universal Interface

Wireless Current Sensor Module

across the resistors. The Wireless Current Sensor Module is used in-line in the circuit to measure the current in each loop.

550 Universal Physics System Experiment Manual
UI-5831

This complete manual is included with the 550 Universal Physics System (UI-5830). Each experiment consists of
student instructions in a Word® document that the instructor can modify as they like, a PASCO Capstone setup file
ready for data collection, a Capstone file with sample data, and all the lab equipment required for the experiment.

All of this content is provided on a flash drive.

Experiments:

© N O~

Introduction to Measurement

Uncertainty and Error Analysis

Graph Matching

Instantaneous and Average Velocity and Speed
Motion with Constant Acceleration

Equations of Motion for Constant Acceleration
Acceleration Due to Gravity

Freefall of a Picket Fence

Acceleration on an Inclined Track

. Projectile Range vs. Launch Angle

. Newton’s First Law

. Newton’s Second Law

. Force & Acceleration

. Inertia and Newton's Second Law

. Newton's Third Law

. External Force and Newton's Laws

. Atwood's Machine

. Friction and Newton's Laws

. Centripetal, Tangential, and Angular Acceleration
. Conservation of Energy on an Inclined Track

. Hooke’s Law

. Conservation of Energy for a Simple Pendulum

283.
24.
25.
26.
27.
28.
290.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.
40.
41.
42.

Work-Energy Theorem: Compare W to AE
Conservation of Momentum

Impulse and Change in Momentum
Ballistic Pendulum

Newton's Second Law for Rotation
Rotational Inertia

Rotational Kinetic Energy
Conservation of Angular Momentum
Oscillations of Cart and Springs
Physical Pendulum

Period of a Large Amplitude Pendulum
Archimedes’ Principle - Buoyant Force
Transfer of Heat by Radiation

Specific Heat

Boyle’s Law: P and V of a Gas

at Constant T

Resonant Modes of Sound in a Tube
Speed of Sound in Air

Superposition of Sound Waves
Interference of Sound Waves

Object and Image Distances

for a Thin Lens

43.

44

45.
46.
47.

48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.

()
c
o)
=
()
c
—
c
Voltage =
Sensor Q0
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(9p)

Reflection

Refraction

Dispersion

Focal Length of a Concave Mirror
Optical Instruments: Telescope
and Microscope

Variation of Light Intensity

Light Intensity versus Distance
Polarization: Verify Malus’ Law
Brewster’s Angle

Diffraction of Light

Electrostatic Charges

Electric Field Mapping

Ohm'’s Law

Series and Parallel Circuits
Kirchhoff’s Laws

RC Circuit

General Properties of Diodes
Magnetic Field Mapping
Induction — Magnet Through a Coil

Order Information

Universal 550 Physics Experiment Bundle.............ccc..c...... UI-5830
Universal 550 Physics Experiment Manual........................ UI-5831

(included in UI-5830)

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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Advanced and AP® Physics

Advanced Physics 1 Lab Manual
PS-3812-DIG (digital) PS-3812 (print)

This experiment guide covers the latest standards for
College Board Advanced Placement Physics.
» Every lab is based on the College Board Learning Objectives.

» Data Analysis and Assessment Questions are designed to prepare students for the
AP® Physics 1 exam

» Every lab employs the same strategies found in free response questions on the AP® exam
) Includes editable student handouts

Prepare your students for inquiry investigations in the physics lab.
Each lab is presented three ways:

» Structured

» Guided inquiry

» Student designed
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You decide which level of inquiry is appropriate for each lab.
Each lab includes teacher resources:

» Pre-lab discussion and questions » Sample data

» Procedural overview » Assessment and synthesis questions Order Information

» Teacher tips » Extended inquiry suggestions Advanced Physics 1
Lab Manual..........c.c.cceeenee PS-3812-DIG
Advanced Physics 1
Lab Manual...........cc.cc.c..... PS-3812

ADV PHYSICS 1 EXPERIMENTS EQUIPMENT ALIGNMENT

Perform these | Add the PS-3814
labs with the Expansion Kit
LAB PS-3813 to perform IB®Standards* | AP® 1 Standards™
Equipment Kit all these labs
1. Graphical Analysis: Motion o o 2.1 3.A1.1,2,3
2. Newton’s Second Law o o 2.2 3.B.1.1,2,3,3.B.2.1
3. Atwood’s Machine o o 2.2 3.B.1.1,2
4. Coefficients of Friction o o 2.2 3.C.4.1,2
5. Two Dimensional Motion: Projectiles o 1.3,2.1 3.E.1.3,4
6. Conservation of Mechanical Energy o o 2.3 5B.4.1,2
7. Work and Kinetic Energy o o 2.3 4.02.1,2
8. Conservation of Momentum o 2.4 5.0.1.3,5.D.2.2, 4
9. Momentum and Impulse o o 2.4 3.D.2.3,4
10. Rotational Dynamics o B.1 3.F2.1,2,3.A13
11. Rotational Statics o B.1 3.F1.1,2,3,4,5
12. Periodic Motion: Mass and Spring o o 4.1,9.1 3.B.3.1,2,3,4
13. Simple Pendulum o o 41,91 3.B.3.1,2,3
14. Resonance and Standing Waves o 4.5,B.4 6.0.3.4,6.D0.4.1, 2
15. DC Circuits o 5.1,5.2 1.B.1.2,5.B.9.2, 3, 5.C.3.1

Each lab manual includes video support!
How-to videos are included with the manual, on
the PASCO website and on YouTube, and can be

installed on your own computers.

* IB is a registered trademark of the International Baccalaureate Organization, which was not involved in the production of, and does not endorse, this product.
** AP is a trademark registered and/or owned by the College Board, which was not involved in the production of, and does not endorse, this product.
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Advanced and AP® Physics

Advanced Physics 1 Equipment Kit o
PS-3813 =)
Includes: =
e Smart Cart (Red) ME-1240 e Stainless Steel Rod, 8
e PAStrack ME-6960 60 cm (threaded) ME-8977 e Track Rod Clamp ME-9836 —
e Dynamics Track e Aluminum Table Clamp ME-8995 e Bumper Accessory Set ME-9884 (i
End Stop (2 pack) ME-8971 * Wireless Smart Gate PS-3225 e Smart Cart Rod Stand Adapter ME-1244 =
e Four Scale Meter Stick SE-8695 * Right Angle Clamp SE-9444 e Stainless Steel Rod, 90 cm ME-8738
e Compact Cart Mass (2) ME-6755 e PAScar Cart Mass (3 sets of 2)  ME-6757A e Demonstration Spring Set ME-9866 Qo
e Mass and Hanger Set ME-8979 * Discover Friction Accessory ME-8574 * Hooked Mass Set SE-8759 o
e Super Pulley Kit ME-9433 e Stainless Steel Rod, 45 cm ME-8736 ® Photogate Pendulum Set ME-8752 c
e Black Thread (3 pack) ME-9875 e Angle Indicator ME-9495A e Pendulum Clamp ME-9506 %
This kit contains all g
of the equipment and (9p)

sensors needed to
perform 9 of the 15
experiments from the
Advanced Physics 1
Experiment Guide
(PS-3812).

Order Information

Advanced Physics 1 Equipment Kit

Advanced Physics 1 Expansion Kit

PS-3814

Includes:

e Smart Cart (Blue) ME-1241 e Stainless Steel Rod, e Wireless Voltage Sensor PS-3211

e Pendulum Accessory ME-8969 60 cm (threaded) ME-8977 e Wireless Current Sensor PS-3212

o Wireless Rotary Motion Sensor  PS-3220 ¢ Aluminum Table Clamp ME-8995 ¢ Photogate Mounting Bracket ME-6821A
¢ Stainless Steel Calipers SF-8711 ¢ Resonance Air Column WA-9606 e Mini Launcher ME-6825B
e Tension Protractor (2) ME-6855 ¢ AC/DC Electronics Laboratory ~ EM-8656 e Carbon Paper (100 Sheets) SE-8693

When added to the Advanced
Physics 1 Equipment Kit
(PS-3813), this kit provides
the additional equipment

and sensors needed to
perform all 15 experiments
from the Advanced Physics 1
Experiment Guide (PS-3812).

Order Information

Just need Advanced Physics 1 Expansion Kit ..............cccc.coovveeeeeene. PS-3814
sensors?
Advanced thsics sensor Bundle This bundle contains only the sensors (but not t'he equipmtlant) needgd
to perform all the labs from the Advanced Physics 1 Experiment Guide
PS-3818 (PS-3812) and the Advanced Physics 2 Experiment Guide (PS-3815).
Includes:
e Smart Cart (Red) ME-1240
® Wireless Smart Gate PS-3225
e Smart Cart (Blue) ME-1241
e Wireless Rotary Motion Sensor ~ PS-3220
* Wireless Voltage Sensor PS-3211
e Wireless Current Sensor PS-3212
¢ Wireless Pressure Sensor PS-3203
e Wireless Magnetic Field Sensor PS-3221
Advanced Physics Sensor Bundle.............cccccevevrvivceriennne PS-3818

800.772.8700 (inside US) | +1916.786.3800 (outside US) 83



Advanced and AP® Physics

Advanced Physics 2 Lab Manual
PS-3815-DIG (digital) ~ PS-3815 (print)

This experiment guide covers the latest standards for College Board
Advanced Placement Physics 2.
) Every lab is based on the College Board Learning Objectives.

) Data Analysis and Assessment Questions are designed to prepare students
for the AP® Physics 2 exam

» Every lab employs the same strategies found in free response questions on the AP® exam
» Includes editable student handouts

Prepare your students for inquiry investigations in the physics lab.
Each lab is presented in three ways:

) Structured

» Guided inquiry

) Student designed
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Each lab includes teacher resources.
You decide which level of inquiry is appropriate for each lab:

» Pre-lab discussion and questions » Sample data
» Procedural overview ) Assessment and synthesis questions
) Teacher tips » Extended inquiry suggestions Advanced Physics 2
Lab Manual..........cccccceeeunne PS-3815-DIG
Advanced Physics 2
Lab Manual..........ccccccoeeune PS-3815
Perform these | Add the PS-3817
labs with the Expansion Kit
LAB PS-3816 to perform IB® Standards* AP® 2 Standards**
Equipment Kit all these labs
1. Hydrostatic Pressure o o B.3 3.C.4.1,3.C.4.2
2. Buoyant Force o B.3 1.E.1.2,3.A.3.1,3.C.4.2
3. Fluid Dynamics o o B.3 5.B.10.1, 5.B.10.3, 5.B.10.4
4. Boyle’s Law ([ o 3.2 5.B.7.2,7.A32,7.A33
5. Spherical Mirror Reflection o o CA1 6.E.4.1,6.E.4.2
6. Snell’s Law ([ o 4.4 6.E.3.2, 6.E.3.3
7. Focal Length of a Converging Lens o o C.1 6.E.5.1,6.E.5.2
8. Interference and Diffraction o o 4.4,9.2,9.3 6.C.3.1
9. Electric Field Mapping o 5.1,10.1 2.E.2.1
10. Magnetic Fields (] 5.4 2.D.2.1,2.D.3.1,2.D.4.1
11. Magnetic Field Strength o 5.4 2.D.21
12. Electromagnetic Induction o (] 111 4E2A1
13. Capacitor Fundamentals o 11.3 4E.4.2,4E43
14. Series and Parallel Capacitors o 11.3 4.E.5.3,5.B.9.5
15. RC Circuits o 11.3 4E5.1,4E5.2,4E53
16. Planck’s Constant o 12.1 6.F.3.1, 6.F.4.1

Each lab manual includes video support!

How-to videos are included with the manual, on
the PASCO website and on YouTube, and can be

installed on your own computers.

* IB is a registered trademark of the International Baccalaureate Organization, which was not involved in the production of, and does not endorse, this product.
** AP is a trademark registered and/or owned by the College Board, which was not involved in the production of, and does not endorse, this product.
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Advanced and AP® Physics

Advanced Physics 2 Equipment Kit o
PS-3816 ::g
I.nv(\:/;ifgss'ewoir ME-8594 This kit contains all of thelequipment and sensors needeo! to o
o Wireless Pressure Sensor PS-3203 perform 8 of the 16 experiments from the Advanced Physics 'E
e Four Scale Meter Stick SE-8695 2 Lab Manual. c
e Concave/Convex Mirror 08-8457 =
e Basic Optics Light Source 08S-8470

e Optics Track, 1.2 m 0S-8508 Qo
¢ Basic Optics Ray Table 0S-8465 o
e Basic Optics Viewing Screen 0S-8460 c
e Geometric Lens Set 0S-8466A =
« Adjustable Lens Holder 0S-8474 =
e Diffraction Plate 0S-8850 m
e Stainless Steel Rod, 45 cm (2) ME-8736 (9p]
e Aluminum Table Clamp (2) ME-8995

¢ Digital Calipers SE-8710

e Three-Finger Clamp (2) SE-9445

¢ Red Diode Laser Pointer SE-9716C

e Wireless Voltage Sensor PS-3211

* Magnet Wire, 22-Gauge

* Rigid Plastic Tubing, 12-in length, Advanced Physics 2 EGUIPMENt Kit ............ccccereerrscvece PS-3816

0.5-in diameter

Advanced Physics 2 Expansion Kit

PS-3817
Includes:
e Smart Cart (Red) ME-1240 e Basic Digital Multimeter SE-9786A Included but not pictured:
e Aluminum Table Clamp ME-8995 e Neodymium Magnets, Solid (16 pack) EM-8648B e Capacitor, 100-pF (5)
e Black Thread (3 pack) ME-9875 e AC/DC Electronics Laboratory EM-8656 ® Blue LED (450-500 nm)
e Overflow Can SE-8568 e Magnaprobe SE-7390 e Green LED (501-565 nm)
¢ Right Angle Clamp SE-9444 e Banana Plug Cord-Red (5 pack) (2) SE-9750 e Yellow/Amber LED (566-620 nm)
e Field Mapper Kit PK-9023 e Wireless Magnetic Field Sensor PS-3221 * Red LED (621-750 nm)
e Student Power Supply, 18 VDC, 3 A  SE-8828 e Wireless Current Sensor PS-3212
When added to the Advanced
Physics 2 Equipment Kit (PS-
3816), this kit provides the
additional equipment and
sensors needed to perform
all 16 experiments from the
Advanced Physics 2 Experiment
Guide (PS-3815).
Just need Advanced Physics 2 Expansion Kit.............ccccooiereeinnnnns PS-3817
sensors?
Advanced thsics sensor Bundle This bundle contains only the sensors (but not the equipment) needed
to perform all the labs from the Advanced Physics 1 Experiment Guide
PS-3818 (PS-3812) and the Advanced Physics 2 Experiment Guide (PS-3815).
Includes:
e Smart Cart (Red) ME-1240
® Wireless Smart Gate PS-3225
e Smart Cart (Blue) ME-1241
e Wireless Rotary Motion Sensor ~ PS-3220
* Wireless Voltage Sensor PS-3211
e Wireless Current Sensor PS-3212
¢ Wireless Pressure Sensor PS-3203
e Wireless Magnetic Field Sensor PS-3221
Advanced Physics Sensor Bundle.............cccccevevrvivceriennne PS-3818
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Physics Starter Lab

Physics Starter Lab Station
EP-3579

The Physics Starter Lab Station makes it easy and affordable to
begin using sensor-based technology in your physics classroom or
at home. Inside the Starter Lab Station are the wireless sensors used
to perform 9 kinematics, dynamics, voltage, and circuit lab activities
from the Physics Lab Station Investigations Manual. Available
separately is the Physics Extension Lab Station (EP-3580) which,
when combined with the Physics Starter Lab Station, comprises all
the wireless sensors used to perform the 20 labs inside the Physics
Lab Station Investigations Manual, plus many of the lab activities
found in PASCO's Advanced Physics 1 Lab Manual and Advanced
Physics 2 Lab Manual.

Features:

» Included storage tray and custom insert provide a simple and
secure storage solution

» Portable and easy to transport
» Record data wirelessly without the hassle of tangled cables
» Includes digital access to a wide range of lab activities

P Includes video and other lab resources for at-hnome and
distance learning lab activities
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Lab Activities
The Printed Samples

Starter Lab

Booklet includes 10 student Lab Title Station

lab handouts taken from

PASCO's Physics Lab 1 Position, Distance, and ()

Station Investigations Displacement

Manual (right). The 2 Newton's 2nd Law [ )

combined Physics Starter -

Lab Station (EP-3579) and 3 | Crash Cushions

Physics Extension Lab 4 | Momentum and Impulse Y

Station (EP-3580) comprise ——

the sensors used to perform 5 | Change in Kinetic Energy (]

all 20 labs, plus many of 6 | Rotational Dynamics

the lab activities found in -

PASCO's Advanced Physics 1 Lab Manual and 7 | Measuring the Speed of Sound

Advanced Physics 2 Lab Manual. with an Echo
8 | Ohm's Law [}
9 | DC Circuits [}
10 | RC Circuits ()

Includes:

e Wireless Motion Sensor PS-3219
¢ Wireless Force Acceleration Sensor PS-3202
e Wireless Voltage Sensor PS-3211
e Wireless Current Sensor PS-3212

e Gratnells Storage Tray with Custom Storage Insert

e Digital Access to PASCO's Physics Lab Station Investigations Manual
e Digital Access to PASCO's Advanced Physics 1 Lab Manual (PS-3812)
e Digital Access to PASCO's Advanced Physics 2 Lab Manual (PS-3815)

Order Information

Physics Starter Lab Station .............cccccoeceeievecciennne EP-3579
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Physics Extension Lab

Physics Extension Lab Station
EP-3580

The Physics Extension Lab Station includes five wireless
sensors that complement the set of sensors found in

the Physics Starter Lab Station (EP-3579). Together, the
sensors from the Physics Starter and Extension Lab
Stations comprise the sensors needed to perform all 20 lab
investigations inside the Physics Lab Station Investigations
Manual, plus many of the lab activities found in PASCO's
Advanced Physics 1 Lab Manual and Advanced Physics 2
Lab Manual. The Gratnells storage tray, included with the
Starter Station, comes with storage slots for the Extension
Station sensors.
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Lab Activities
The Printed Samples

Starter & Extension

i Lab Station
Booklet includes 10 — U3
student lab handouts 1 | Position, Distance, and (]
taken from PASCO's Displacement
Physics Lab Station 2 Newton's 2nd Law ®
Investigations Manual. -
Combined, the Physics 3 | Crash Cushions o
Starter Lab Station ) 4 Momentum and Impulse ()
(EP-3579) and Physics
Extension Lab Station 5 | Change in Kinetic Energy ()
(EP-3580) comprise - :
the sensors used to 6 Rotational Dynamics ()
perform all 20 labs, 7 | Measuring the Speed of Sound ()
plus many of the lab activities found in PASCO's with an Echo
Advqnced Physics 1 Lab Manual and Advanced 8 Ohm's Law Py
Physics 2 Lab Manual.
DC Circuits ()
10 | RC Circuits ()

Includes:

e Wireless Acceleration/Altimeter PS-3223
¢ Wireless Magnetic Field Sensor PS-3221
e Wireless Rotary Motion Sensor PS-3220
e Wireless Current Sensor PS-3212
e Wireless Smart Gate PS-3225

e Digital Access to PASCO's Physics Lab Station Investigations Manual
e Digital Access to PASCO's Advanced Physics 1 Lab Manual (PS-3812)
e Digital Access to PASCO's Advanced Physics 2 Lab Manual (PS-3815)

Order Information

Physics Extension Lab Station.............ccccoeevvericienene EP-3580
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Essential Physics

Essential Physics Curriculum

This complete physics solution includes Textbook, e-Book, Lab Manual,
Digital Teacher Resources, and Equipment!

Essential Physics 3rd Edition is a comprehensive, full-color textbook
paired with PASCO equipment. It is the first e-book for physics on the
market. The program includes over 100 interactive tools that increase
student engagement and understanding.

Essential Physics is focused on

practical applications that connect

students to the physics of nature as

well as technology. e-Book
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About the program: Lab
» Rigorous yet accessible design Textbook Manual
) Interactive simulations and equations

» Lessons follow the 5E design

» Strong mathematics scaffolding Essential

» Formative and summative assessment tools =

» Differentiation for ELL students Phys’cs

» Works with your LMS and Google Classroom

) Includes 24/7 online access. .

D Aligns to your state standards TDIgllntaI

eacher

Resources

Equipment

Choose the Essential Physics Textbook, e-Book, or Both!

Essential Physics 3rd Edition: Essential Physics 3rd Edition: Essential Physics
Student Textbook Student e-Book Teacher Resources
EP-6323 EP-6323-EB5 (5-year license) EP-6324-DIG

EP-6323-EB1 (1-year license)

» Buy the printed i
Student Textbook b Buy the e-Book to EF',S;GSI;ZZ/
for your classroom. unlock all digital )

student content. Teacher
Resources

Essential Physics is multiplatform: iOS, Android™, Chrome™, Windows®, and Mac®!

For more Essential Physics information, contact your PASCO Education Specialist.

Email sales@pasco.com or phone 800-772-8700 or +1 916-786-3800.
Visit our website at pasco.com/essentialphysics.

88 more information at pasco.com



Essential Physics

Essential Physics 3rd Edition:
Student Textbook

EP-6323

This hardbound, printed student textbook
includes core Physics topics that cover a
complete year of instruction. The book
content aligns to standards for general
physics coursework.

Topics Covered:

» The Science of Physics

» Physical Quantities and Measurement
» Position and Velocity

» Acceleration

» Forces and Newton’s Laws

» Motion in Two and Three
Dimensions

» Circular Motion

» Static Equilibrium and Torque
» Work and Energy

» Conservation of Energy

» Momentum and Collisions

» Machines

» Angular Momentum

» Harmonic Motion

» Waves the Atom

» Sound » Nuclear Physics

Order Information

Essential Physics 3rd Edition: Student Textbook ............ EP-6323

) Electricity and Circuits
) Electric and Magnetic
Fields

) Electromagnetism
» Light and Reflection
» Refraction and Lenses

» Electromagnetic
Radiation

) Properties of Matter
» Heat Transfer

» Thermodynamics

» Quantum Physics and

Essential Physics 3rd Edition:
Student e-Book

EP-6323-EB5 (5-year license)
EP-6323-EB1 (1-year license)

The Essential Physics Student e-Book

includes an electronic version of the full

textbook, viewable through a web browser on essentially all
computing platforms, including tablets and Chromebooks™.

Order Information

Essential Physics 3rd Edition: Student e-Book
(5-year license)
(1-year license)

EP-6323-EB5
EP-6323-EB1

Essential Physics Teacher Resources

EP-6324-DIG

Includes:

e Standards Alignment Guide for your state! Essential

e Teacher Edition flash drive + .
Student Edition flash drive Physics

e Essential Physics Teacher User Guide Teacher

e Teacher e-Book with five-year license Resources

Student e-Book with five-year license
e SPARKvue software

For more information on Teacher Resources, call

800-772-8700 or +1 916-786-3800.

Complete Your Physics Solution with
Essential Physics Equipment

Essential Physics
Comprehensive Equipment Kit

EP-6490A

This kit is designed to support all of the sensor-based, hands-on lab
investigations within the Essential Physics 3rd Edition Curriculum, as
well as the Essential Physics Student Lab Manual. This kit includes
enough equipment for a full year of investigations in a standard,
algebra-based physics course.

Includes:

e Forces and Motion Kit EP-3576

e Essential Physics Waves and Sound Kit EP-3578

e Essential Physics Light, Color & Optics Kit EP-3558

e Mini Launcher ME-6825B
e Essential Physics Modular Circuits Kit EM-3536
e Simple Machines Engineering Kit EP-3577

Order Information

Essential Physics Comprehensive Equipment Kit........... EP-6490A

Also available:

Standard Equipment Kit Essential Physics
EP-3567A

Designed for use with the investigations in Essential Physics 3rd
Edition, this kit contains everything in the Forces and Motion Kit, as
well as the Modular Circuits Kit.

Includes:

e Forces and
Motion Kit
EP-3576

e fssential Physics
Modular Circuits
Kit EM-3536

Order Information

Standard Equipment Kit: Essential Physics.................... EP-3567A
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Essential Physics

7% A textbook and an e-book for all your students
=
—= \What sets Essential Physics apart is the complete and interactive e-book. When you purchase the e-book, you get animations, videos, and
g interactive equations and simulations that bring concepts to life for students. Combined with digital resources for teachers, formative and
o summative assessment, and equipment for lab investigations, Essential Physics forms a seamless learning system for mastering physics.
% The e-book’s interactive tools include:
—
]
=
m -
oc 31 videos |—
]
(&)
84 embedded
interactive
equations |
>
l
71 interactive
Full simulations
audio

read

31 embedded
animations

Summative assessment:
The Infinite Test Bank

Formative assessment

Essential Physics meets your state standards and supports STEM and NGSS!

90 more information at pasco.com



Essential Physics

The Digital Teacher Resources include lesson plans, slide presentations,
student work, and answer keys, all at point-of-use.
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Essential Physics Lab Investigations

Order Information

7 Essential Physics Student Lab Manual
= EP-6326
—| » Each Comprehensive Physics Investigations manual is printed in a student-consumable
g format with tear-out pages for every investigation.
%) This printed, student-consumable Essential Physics Student Lab Manual includes 46 labs that cover a full
— year of introductory physics. Created by physics teachers, these investigations are an ideal supplement
=) loany algebra-based physics course. Each investigation is tightly integrated with our innovative software,
5I sensors, and equipment.
) Investigations and activities in the lab manual cover topics such as:
g e Graphs of Motion e FElastic Collisions e Series and Parallel Resistances
== * Motion Graphs e Levers e Electrical Power
€5) e Acceleration e Pulleys e Compound Circuits
e A Model for Accelerated Motion e Ramps and Inclined Planes * Magnification of Mirrors
e Newton’s Second Law e Gear Ratios e and Lenses
e Hooke’s Law e Designing Gear Machines ¢ Reflection in a Plane Mirror
e Static and Kinetic Friction e Torque * Refraction of Light
* Projectile Motion * Mechanical Advantage e Creating Real and Virtual Images
e Acceleration on an Inclined Plane of Gears e with Lenses
e Static Equilibrium e Oscillators ¢ Image Formation for a Convex Lens
e Work and the Force vs. Distance Graph ¢ Resonance e Build a Microscope and Telescope
¢ |nclined Plane and the * Waves e Phosphorescence
Conservation of Energy ¢ Interference
. Work and Energy . o Respnance aqd Sound ESsential
e Springs and the Conservation of Energy * Design a Musical Instrument Physi
e Work Done by Friction e Electricity and Circuits ySics
. : . Includes editable documents, Teacher
¢ Design a Crash Barrier ¢ \oltage and Batteries ) . Lab Manual
e Conservation of Momentum * Design a Lemon Battery PowerPoint presentations, answer
X - X . keys, and video lab assistance. | Resources
¢ Inelastic Collisions e Resistors and Ohm’s Law

Order Information

Essential Physics Student Lab Manual ................cccc.c.... EP-6326 Essential Physics Teacher Lab Manual ...... ..EP-6329
(student-consumable) Essential Physics Teacher Lab Manual (digital).............. EP-6329-DIG
Also available:
Essential Physics Teacher Lab Manual -
EIECroniC RESOUICES ......cvvvvveeceeieiriricieieisiseseeieieieisens EP-6328-DIG

All the Physics Equipment You Need...

Essential Physics Comprehensive Equipment Kit

EP-6490A
Includes:
e Forces and Motion Kit EP-3576
e Essential Physics

Waves and Sound Kit EP-3578
e Essential Physics

Light, Color & Optics Kit  EP-3558
e Mini Launcher ME-6825B
e Essential Physics

Modular Circuits Kit EM-3536
e Simple Machines

Engineering Kit EP-3577

Each kit includes a Gratnells® Storage Tray

Order Information

Essential Physics Comprehensive Equipment Kit........... EP-6490A

These kits require either SPARKvue or PASCO Capstone
software, available at pasco.com/downloads
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Essential Physics Lab Investigations

Choose the Kits You Need...

Forces and Motion Kit

EP-3576

Forces + Motion Labs
Graphs of Motion
Motion Graphs
Acceleration on a Ramp
A Model for Accelerated Motion
Newton’s Second Law
Hooke’s Law
Static and Kinetic Friction
Projectile Motion
Acceleration on an Inclined Plane
Static Equilibrium
Work and the Force Versus
Distance Graph
® Inclined Plane and the
Conservation of Energy
e Work and Energy
e Springs and the
Conservation of Energy

Work Done by Friction
Design a Crash Barrier
Conservation of Momentum
Inelastic Collisions

Elastic Collisions

Order Information

Forces and Motion Kit...........covveeeerininvsseeeiins EP-3576

Smart Cart Demonstration Kit

ME-1272 (with red cart) ~ ME-1273 (with blue cart)
Demonstrate:
e Differences between Velocity and Acceleration
¢ Independence of Horizontal and Vertical Projectile Motion
e Newton’s First Law e Newton’s Second Law
e Newton’s Third Law
¢ |Impulse and Force
e Force and Acceleration in Collisions
e Centripetal Acceleration
e Compare Velocity, Acceleration, and
Force in Simple Harmonic Motion
Buoyant Force and Archimedes’
Principle

Order Information

Red Smart Cart Demonstration Kit .............ccccccovvrinnnee. ME-1272
Blue Smart Cart Demonstration Kit..............cccccovvrirnene ME-1273

Simple Machines Engineering Kit
EP-3577

Simple Machines Labs

e Static Equilibrium

® Levers

e Pulleys

e Gear Ratios

Designing Gear Machines

e Torque

e Mechanical Advantage of Gears

Order Information

Simple Machines Engineering Kit.............cccccoevevvvniennne EP-3577

Essential Physics Modular Circuits Kit
EM-3536

Modular Circuits Labs

e Electricity and Circuits

e Voltage and Batteries

e Design a Lemon Battery

® Resistors and Ohm’s Law

e Series and Parallel Resistances
e Electrical Power

e Compound Circuits

Order Information

Essential Physics Modular Circuits Kit..............ccccoevneee EM-3536

Essential Physics Light, Color & Optics Kit
EP-3558

Light, Color & Optics Labs

* Magnification of Mirrors and Lenses
e Reflection in a Plane Mirror

¢ Refraction of Light

e Creating Real and Virtual Images
with Lenses

¢ |Image Formation for a Convex Lens
e Build a Microscope and Telescope
e Phosphorescence

Order Information

Essential Physics Light, Color & Optics Kit..................... EP-3558

Essential Physics Waves and Sound Kit
EP-3578

Oscillations, Waves &
Sound Labs

e QOscillators

* Resonance

* Waves

¢ Interference

* Resonance and Sound

¢ Design a Musical Instrument

Order Information

Essential Physics Waves and Sound Kit......................... EP-3578

Go to pasco.com for complete kit contents.
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Dynamics Systems

4 The Best Dynamics Systems in the World
=
=2 PASCO introduced the first dynamics system in 1992...
cu§'3 and we have been refining it ever since.
It all started with sturdy g:@;i{{%etggub'e or tipe
aluminum carts: |
o s \ Collision Cart
' s
collisions — }Iel.cr?®t.Tabs
collisions
Plunger Cart \

Low-friction

Three-position Plunger Ball Bearing Wheels

provides reproducible
impulses and explosions

One 500 g mass included
with Collision Cart.

So little friction they will roll off the table if you set them down on
their wheels, and so sturdy they will survive the fall!

Spring-loaded

wheels Spring-loaded, retractable wheels prevent damage
and keep your students from skating on them.
Soon, we added an aluminum dynamics track to align collisions: /
Attach Springs to
Magnets in End Stop
End Stop for oscillations

S0 carts bounce off l

A Motion Sensor
can snap onto
the end of the S~ —

track. Adjustable Feet

No additiona[ level the track
bracket required.

94 ‘ more information at pasco.com



Dynamics Systems

New technologies led to new innovations...

Plastic brought new possibilities:

» Durable lightweight PAScars

» Curved track for Conservation of Energy

Plastic
PAScars

Smart
Then in 2016, Cart
PASCO introduced the M“/g%o(éﬁgg
Smart Cart, the first fully 1S, Patent Nurmber
instrumented dynamics cart. / 10,481,173

Smart Carts

N

SOINVHI3IIN

All accessories fit the
plastic PAStrack.

/\ Plastic

PAStrack with
Curved Sections

Acceleration

Optical Sensor
Encoder

for position

and velocity

Force Sensor Plastic PAScars

A

Classic Metal Carts

/\

Snap together individual sections to make
a track as long as you want with PAStrack.

Now, these three types of carts are
compatible with both types of tracks, and
there are many accessories to complete your lab.

See the next two pages to configure your dynamics system.

800.772.8700 (inside US) | +1916.786.3800 (outside US) ‘ 95



9}
=
=
<
-
&)
L
=

Dynamics Systems

How to choose the Dynamics System that’s best for you:

D Select the type of track you want.

Do you want metal or plastic tracks?

Metal Track Advantages
Available in 1.2 m or 2.2 m lengths
Straight and rigid

Feet can be placed at any position

v v v v Vv

High-contrast scale

Supports induced magnetic drag because it's conductive

Plastic Track Advantages
Add tracks to extend the length
Lightweight

Supports curved track for hills
Built-in feet

Storage: 1-meter track disassembles into two 50-cm parts

v v v v v Vv

Less expensive

IF3) Select the type of carts you want.

Do you want metal, plastic or Smart Carts?

Metal Cart Advantages

» Red and blue for distinguishing
in collisions

» More inertia
» Sturdy body

» User-replaceable wheels

Plastic Cart Advantages Smart Cart Advantages
» Red and blue for distinguishing » Red and blue for distinguishing
in collisions in collisions
» Least expensive » Completely instrumented with all the

b Two string tie positions sensors you need for dynamics

» Plunger has a long throw » Two string tie positions

Bluetooth 4.0 wireless:
No interface required

96
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Dynamics Systems

IED) Which system is best for you?

Basic System - Just Carts and Track

SOINVHI3IIN

Example shown:
ME-5705

Standard System - Basic System + Accessory Pack

Example shown:
ME-5715

I.B?rf;:ksysmm neludes Shoose your « | PlasticTrack1m | MetalTrack 1.2 m | Metal Track 2.2 m
. 2 ?:;S Plastic Carts ME-5701 ME-5702 ME-5703

e 2 Endstops

: 2 ?\;jaglsaanaF:'s (4 with metal carts) Metal Carts e e e

e Smart Cart Rod Stand Adapter* ST R ME-5707A ME-5708A ME-5709A

Standard System Includes

e Track
e 2 Carts Choose your -
. 5 Foet Track and Carts Plastic Track 1 m | Metal Track 1.2 m | Metal Track 2.2 m
e 2 Endstops

. ME-5711 ME-5712 ME-5713
* Rod Clamp Plastic Carts
e 2 Mass Bars (4 with metal carts)
« Spring Set Metal Carts ME-5714 ME-5715 ME-5716
e Clamp-on Super Pulley
o iriotion B!ock Smart Carts ME-5717A ME-5718A ME-5719A
e Angle Indicator

e Smart Cart Rod Stand Adapter*
*Smart Cart Rod Stand Adapter is only included in Smart Cart Dynamics Systems (ME-5707A, ME-5708A, ME-5709A, ME-5717A, ME-5718A, and ME-5719A)

800.772.8700 (inside US) | +1916.786.3800 (outside US) 97



Smart Cart

%] Wireless Smart Cart 9
') Plunger
= ME-1240 (red) ME-1241 (blue) release
% The patented Smart Cart is the ultimate tool for studying kinematics, dynamics, Newton’s
&8 Laws, and more. It is based on a durable ABS body with nearly frictionless wheels, just like
§ our high quality PAScars. Now, we’ve added built-in sensors that measure force, position, 3-position
velocity, and acceleration. The versatile Smart Cart can collect measurements on or off a plunger \
track and transmit the data wirelessly over Bluetooth. In essence, it is a wireless dynamics
cart that combines all the necessary sensors, without requiring any additional hardware.
) Built-in force sensor (+100 N)
) Built-in 3-D acceleration sensor (+16 g) Mass tray Velcro® tabs
4 Opticgl encodgr measures motion 3-Axis Acceleration/ for inelastic collisions
P Data is transmitted wirelessly Gyro Sensor
» No interface required U.S. Patent
» Rechargeable lithium-polymer battery Number

. —_— 10,481,173
Every Smart Cart includes a

magnetic bumper and
Velcro® tabs for elastic
and inelastic
collisions!

Mounting /
threads for \
accessories \

Power button

Accessory port:
® Smart Fan
* Ballistic Cart Accessory
 \/ector Display
© Smart Cart Motor

USB charging port
Force Sensor
© Hook
© Magnetic Bumper

© Rubber Bumper
Encoder wheel

for linear position, velocity,
and acceleration

Imagine the possibilities...

1. Measure cart velocity on a 3. Match Position and
curved track where Motion Velocity vs. Time
Sensors cannot work because graphs with FREE
there is no straight line of sight. MatchGraph Software!

pasco.com/downloads

4. Measure oscillations

of a cart and spring.
2. Directly measure the tension in the string ) p 9 .
Measure the position, velocity,

connected to the Smart Cart. .
and acceleration of the cart,

Hang a mass over a pulley, hold the cart in place, and then and force of the spring.
let go. When the cart is stationary, the tension is equal to the
hanging weight. When

the cart accelerates, the

tension is less than the

hanging weight.

5. Place the cart on the floor or table.
Measure velocity as cart travels across the floor or table without a track.

98 more information at pasco.com



Smart Cart

Four built-in sensors, one low price, zero additional equipment
» Wirelessly measure position, velocity, acceleration (3-axis and resultant), rotation and force, either individually or simultaneously.

» Use on a tabletop or standard physics dynamics tracks.

» Wirelessly connect the Smart Cart to your laptop or tablet, and the built-in sensors will measure and transmit data.
» The Smart Cart is compatible with PASCO Capstone™ software for Mac® and Windows® computers. It also works with FREE SPARKvue®

software for mobile devices and MatchGraph!

It’s what’s inside that counts 3-Axis

» Enclosed High-resolution Encoder Wheel!

» 4 Embedded Sensors: Force, Position, 3-Axis
Acceleration, 3-Axis Gyroscope

» Special Sync Technology: Automatically syncs data
from two Smart Carts to within 2 ms

) Compatible with All PASCO Dynamics
Systems: Tracks, carts, and accessories

» Ultra-low Friction: Ball bearing wheels

» Rugged Design: Survives the drop test

Sensor

. . . Rechargeable
Specifications: Lithium lon
Force Range: +100 N Battery

Force Resolution: 0.1 N

Force Accuracy: +1.0%

Force Maximum Sampling Rate: 2.0 kHz
Position Resolution: +0.2 mm

Max Velocity: +3.0 m/s

Velocity Max Sample Rate: 500 Hz
Acceleration Range: +16 g

Acceleration Max Sample Rate:

500 samples/second

Max Rotational Speed Sampling Rate:
500 samples/second

Max Wireless Range: 30 m (unobstructed)
Maximum Measurable Rotation Rate (Gyro):
+245 deg/second

Mass Without Accessories: 245 g
Patent No.: 10481173

Magnetic Bumper Mass: 23.6 g

Smart Carts can be
used to investigate
impulse and
collisions, as well
as velocity and
acceleration, motion
graphs, Newton’s
Laws, conservation
of momentum,
conservation of
energy, centripetal
force, and much
more!

6. Use two Smart Carts for collisions.

Acceleration/Gyro

=
m
o
-
>
=
o
w

Force Sensor =100 N

Optical Encoder:
Position to 0.2 mm

Read the review from The Physics Teacher

Go to pasco.com/smartcart

Each cart measures its own velocity and force. Will students
correctly predict the forces recorded by each cart for these
parameters?

» Use equal masses and unequal masses.
» Use the same spring bumpers on the Smart Cart force sensors

and then change the spring on one Smart Cart to a weaker spring.

Includes:

° Hook

e Rubber bumper

* Magnetic bumper

e USB cable for charging

Order Information

Smart Cart (Red) ......c.oceveeieeiriieirieisicicies ME-1240
Smart Cart (BIUE) ... ME-1241
Recommended:
Smart Cart Charging Garage ............c.cocoeueunne ME-1243 p. 101
The magnetic bumper for the force sensor is included with the Smart Cart. PAScar Cart Mass (Set 0f 2)......c..vvesvvssvveen ME-6757A  p.111
800.772.8700 (inside US) | +1916.786.3800 (outside US) 99
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Powered Carts

Smart Fan Accessory
ME-1242

» Provides a Constant Force

» Hands-off Operation

) Sense and Control

» Manual Mode for Non-Smart Carts

What makes this fan so smart?

If you use this fan on a regular cart, you can turn it on and select one
of three speeds by pushing the button on the side. But plugging it into
a Smart Cart gives this Smart Fan Accessory added capabilities:

) Hands-off Operation: You can turn the Smart Fan on and off
wirelessly from your computing device.

» Adjust the Thrust: Move the slider in the software and watch the
fan respond.

» Reverse the Spin of the Fan: Input a negative thrust to make the
fan blow in the opposite direction.

) Set Start and Stop Conditions: Choose to start the fan when a
measurement (such as Position) reaches a certain value. Make the
fan stop after a certain time so the cart coasts during part of the
experiment.

) Sense and Control: Program the Smart Fan
thrust to respond to a calculation based on sensor
measurements, for example:

Thrust = -100*[Position]

) This will cause the fan to blow harder as the cart
moves down the track, causing the cart to reverse.
Eventually the fan will reverse when the Position becomes
negative, accelerating the cart in the positive direction.

Specifications:

Push-button for on/off: 3 speed settings
Maximum thrust: 0.2 N

Fits all PASCO dynamics carts

Uses 4 AA batteries (alkaline or rechargeable)

Lithium battery performance: On medium speed,
fan slows after 5.2 hrs and stops after 5.6 hrs.

Alkaline battery performance: On medium speed,
fan slows after 1 hr and stops after 8.9 hrs.

Patent No.: 10482789
Smart Cart required for extended Smart features

Make your fan rotatable:

3D print your own rotating base for the
Smart Fan Accessory at pasco.com/diy

Sample data capture of position
and velocity.

The Smart Fan
Accessory becomes
smart when plugged
into a Smart Cart.

This is the control
panel for the Smart
Fan in PASCO
Capstone software.

Includes:

e Smart Fan Accessory

e Smart Cart Cable (19 cm)
e AA Alkaline Batteries (4)

Order Information

Smart Fan Accessory ME-1242
Requires:

Smart Cart or Dynamics Cart pp. 98, 105
PASCO Capstone Software pp. 68-71
Suggested:

Battery Charger and 8 AA Batteries..........c.ccocevevrennnee SE-3570

100

more information at pasco.com



Smart Cart Accessories

Smart Cart Vector Display

ME-1246

Helps your students visualize acceleration, force, and velocity... in real time.

The Smart Cart Vector Display adds visual vectors to your Smart Cart for Force,
Acceleration, or Velocity. Connect to the Smart Cart’s accessory port to visualize
vectors in real time! Arrows light up proportional to the sensor reading showing
either positive or negative direction and magnitude.

SOINVHI3IIN

Features

) Select between Force, Acceleration, or Velocity vectors and watch them
in real time.

» Students can visualize constant acceleration as a cart rolls up and then
down an incline.

» Great for the student lab station or for a physics lecture demonstration! The vector display can sit flat in a Smart Cart.
» Selectable ranges

The vector display
can mount vertically
for classroom
demonstrations.

Order Information

Smart Cart Vector Display ME-1246

Smart Cart Smart Cart Rod Stand Adapter

Charging Garage ME-1244

ME-1243 This accessory allows the Smart Cart to be
suspended from a rod stand. Use the Smart
Cart’s force sensor to measure the force of an
oscillating spring and mass.

The Smart Cart can be mounted directly to a
vertical rod or to a horizontal cross-rod.

Charge up to five Smart
Carts at once. Provides
storage for the carts and
accessory bumpers.
Includes power adapter.

Order Information
Smart Cart Charging Garage ME-1243

ET

Fan Sail
ME-1248

This sail fits into a Smart Cart or
Super Fan Cart (ME-6977),

so the fan can blow into the salil,
demonstrating Newton’s Third
Law by remaining stationary.
When the concave side

of the sail faces the

fan, the air rebounds

off the sail and moves

the cart. Screw storage
Order Information Order Information
Fan Sail ME-1248 Smart Cart Rod Stand Adapter ME-1244

800.772.8700 (inside US) | +1916.786.3800 (outside US) 101
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Dynamics Systems Accessories

Smart Ballistic Cart Accessory
ME-1245

» Updated to take advantage of Smart Cart capabilities

» Demonstrates the independence of vertical and horizontal motion
» Works with all PASCO carts

» Shoots over 50 cm high

The Smart Ballistic Accessory mounts to any PASCO dynamics cart
for a classic demonstration on the independence of X and Y motion.
A projectile fired from the accessory while a cart is in motion will be
caught farther down the track. When mounted to a PASCO aluminum
cart, or PAScar, the projectile is launched using a push button timer
delay. When connected to a PASCO Smart Cart, the Smart Ballistic
Accessory can launch the projectile based on measurements made
by the Smart Cart in either SPARKvue or PASCO Capstone software.

How It Works:

Attach the Smart Ballistic Accessory to any PASCO dynamics cart
using the captured mounting screws. X-Y adjustments on the top
deck of the accessory (red thumb screws) are used to adjust the aim
of the launcher. Insert one of the yellow projectiles into the launcher
and press down. The launcher is now set to fire.

When attached to any PASCO dynamics cart, press the timer button
on top of the Smart Ballistic Accessory. This provides a one second
delay before the projectile is launched. After the button is pressed,
give your dynamics cart a push. The projectile will fire upwards, and
be caught farther down the track.

When attached to a PASCO Smart Cart, connect the accessory cable
to the accessory port on the Smart Cart. In either PASCO Capstone
or SPARKvue, you can launch the ball by pressing a button in the
software. In PASCO Capstone, you can set a particular distance

or time at which the ball will launch. Using Blockly coding, in either
PASCO Capstone or SPARKvue software, you can set the launch
condition to be based on a Smart Cart measurement of position,
velocity, or acceleration. Start recording data, and push the Smart
Cart. The projectile will fire when the measurement condition is met.

If the cart is moving at a constant velocity, the ball will fall back into
the catcher on the cart.

Includes:

e Smart Ballistic Cart Accessory
e Plastic Balls (2)

e USB Charging Cable

e Smart Cart Accessory Cable

Features
» Compatible with all PASCO dynamics carts.

» Push button timer for delay for launching the projectile after the
cart is pushed.

» Release mechanism does not affect cart motion or ball flight path.

» The barrel has X and Y adjustments, so perfect vertical projections
can be produced every time.

» Fires a colored nylon ball 0.5 meters or higher for impressive
demonstrations.

» Connects to the Smart Cart for measurement-based launching
conditions.

» USB rechargeable Li-lon battery.

Order Information

Smart Ballistic Cart Accessory ME-1245
Requires:

Smart Cart or any other PASCO Cart

Recommended:

Aluminum Dynamics Track with Leveling Feet
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Smart Cart Motor

Smart Cart Motor ea

ME-1247

The Smart Cart Motor is a motor-driven wheel
that attaches to the Smart Cart to make it go at
a constant velocity, forwards or backwards. In
PASCO Capstone or SPARKvue, you can control
the motor remotely through its wired connection
to the Smart Cart by setting the power on a
scale of -100 to +100%.

=
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o
T
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A brass mass is added to the
slot on top of the Motor to
increase the traction.

You can program the Smart Cart to follow equations of motion and
graph the real-time motion on a plot of the theoretical equation of
motion.

This view of the underside of the Smart Cart with Motor shows the
red motor-driven wheel. It can be used on or off a track.

Program with Blockly in Capstone or SPARKvue to make the Smart Cart with Motor follow an

equation of motion.
Order Information
Smart Cart Motor...........cccceveveviveveieeeccee e ME-1247
Includes: Required:
e Smart Cart Motor Smart Cart (Red)......cceveveeeeeecieeeeeecee e ME-1240 pp. 98-99
e Smart Cart Connector OR
Cable Smart Cart (BIUE) .......cueveveireirieisrieeeeeseeee ME-1241  pp. 98-99
¢ USB Charging Cable Recommended:
1.2 m Aluminum Dynamics TracK............cccoeurerenes ME-9493 p. 105

800.772.8700 (inside US) | +1916.786.3800 (outside US) 103
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Smart Cart Accessories

Smart Cart Demonstration Kit
ME-1272 (with red cart) ~ ME-1273 (with blue cart)

Demonstrate:
) Differences between Velocity and Acceleration

» Newton’s First Law

» Newton’s Second Law

» Newton’s Third Law

» Impulse and Force

) Force and Acceleration in Collisions
» Centripetal Acceleration

» Compare Velocity, Acceleration, and
Force in Simple Harmonic Motion

» Buoyant Force and Archimedes’ Principle

The Smart Cart Demonstration Kit comes with either a Red Smart
Cart or a Blue Smart Cart and all the accessories you need to perform
amazing physics demonstrations in kinematics and dynamics.

» Independence of Horizontal and Vertical Projectile Motion

Smart Cart Vector
Display is showing
the force applied to
the cart by the strin,

Includes:
e Red Smart Cart ME-1240
(included in ME-1272)
OR
e Blue Smart Cart ME-1241
(included in ME-1273)
e Smart Fan Accessory ME-1242
e Smart Cart Rod Stand Adapter ME-1244
e Smart Ballistic Cart Accessory ME-1245
e Smart Cart Vector Display ME-1246
e PAScar Cart Mass (set of 2) ME-6757A
e Fan Cart Sail
e Storage Tray
e Smart Cart Demonstration Manual

Demo
Manual

Included!

Order Information

Red Smart Cart Demonstration Kit ..............cccccevveennnnee ME-1272
Blue Smart Cart Demonstration Kit...............ccccurunnenee. ME-1273
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Carts & Tracks

PASCO Dynamics Carts Classic Aluminum Carts =
- - m
PAScar Plunger Cart Collision Cart =
ME-6933 (red) ME-6934 (blue) ME-9430 (blue) ME-9454 (red) >
=
Each 250 gram polycarbonate plastic cart includes a spring plunger, These are the standard carts in thousands of physics labs around )
magnets and Velcro tabs for collision studies. The PAScars come in the world. With an aluminum body and high-impact ABS plastic 75)
red and blue and are compatible with all PASCO Dynamics Tracks end caps, they make dynamics experiments quick to set up and
and accessories. very quantitative. The Classic Carts are compatible with all PASCO
Dynamics Tracks and accessories. The plunger cart has a spring
Polycarbonate Body loaded plunger for launching.

Total mass: 250 g

Three Mounting Holes

Mass Tray Mass Tray
Velcro® Tabs
Two Mounting Holes
Magnets
Magnets

Three-position

Plunger ———
Low-friction /
Retractable Three-position

Ball-bearing Plunger
Low-friction Retractable Wheels ®
Vel T
Ball-bearing Wheels elcro™ Tabs

Order Information

PAScar Red ME-6933 Order Information

PAScar Blue ME-6934 Plunger Cart. ME-9430
PAScar (Set of 2) ME-6950 Collision Cart c ME-9454
Replacement Supplies: Replacement Supplies:
Cart Replacement Axles (4 pack)...........coc.evereee. ME-6957 p.112 Cart Replacement Axles (4 pack)............c...cc....... ME-6957 p. 112
PAScar Cart Mass (Set 0f 2)........rveerereerererereenns ME-6757A  p. 111 PAScar Cart Mass (set of 2)........ccc..ccerueerriienenne. ME-6757A  p. 111
PAStrack Aluminum
ME-6960 Starter Tracks
Includes:

e Two piece track
e Connector clips (2)
e | eveling feet (6)

Order Information

PAStrack ME-6960

Curved PAStrack

ME-6841

Create hills, valleys and inclines. Molded PAStrack system has

straight and curved sections that just snap together. Have 1.2 m length
Connect multiple sets to make a tracks and want to
track as long as you want. change to 2.2 m?
Includes: These aluminum tracks

) are available in 1.2 m
* Concave-up Curved Piece and 2.2 m lengths.

e Concave-down Curved Piece

e PAStrack Connector Clips (2) Order Information
Order Information 1.2 m Aluminum Dynamics Track...........cceeereeereeenneenns ME-9493

Curved PAStrack ME-6841 2.2 m Aluminum Dynamics Track...........c.ccevrvevereverennnne ME-9779

800.772.8700 (inside US) | +1916.786.3800 (outside US) 105
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PAStrack

PAStrack
ME-6960

» 1 m length dynamics track
» Two-piece molded construction
» Accepts dynamics track accessories

This two-piece track construction makes storage easy. Snap-on
connector clip holds sections straight and rigid. Use the second clip
(included) to connect multiple tracks! The track ends are designed to
accept the Motion Sensor and Clamp-on Pulley, and the side T-slots
accept Dynamic Track accessories, such as photogate brackets and
end stops. Track includes six built-in leveling feet.

Motion Sensor or Clamp-on

Pulley fits both ends _

\/ T-slot

Six

i Accepts
leveling Dynamics
feet Track

accessories

Built-in scale

Track just/
snaps

together

Includes:

e Two piece track

e Connector clips (2)
e | eveling feet (6)

PAStrack Inclined Plane Accessory
ME-6965

The Inclined Plane Accessory includes the hinge with angle scale
and the rubber cord for the rubber bumper. A PAStrack is required to
make a complete inclined plane.

Includes:
e |Inclined Plane Accessory
e Rubber Cord, 1.5 mm square, 30 m

Order Information

PAStrack Inclined Plane ACCESSOrY..........cceeveeerirveerennen. ME-6965
Required:
PASHTACK. ... vttt ME-6960

PAStrack Inclined Plane
ME-6967

The PAStrack Inclined Plane includes the Inclined Plane Accessory
(ME-6965) and the PAStrack (ME-6960).

Includes:

e PAStrack Inclined Plane
Accessory ME-6965

e PAStrack  ME-6960
Order Information Order Information
PASTTACK......cevecveveieiiececieiei s st sennsnenenas ME-6960 PAStrack Inclined PIane ............ccccevvervcrcrennericenenns ME-6967
106 more information at pasco.com



Curved Track System

Curved PAStrack
ME-6841

) Attaches to Straight PAStrack with same connector clip Includes:
» Put two curved pieces together

e Concave-up Curved Piece
» One concave up and one concave down

e Concave-down Curved Piece
Create hills, valleys and inclines. The molded PAStrack e PAStrack Connector Clips (2)
system has straight and curved sections that just snap

together. Connect multiple sets to make a track as long T "
as you want. _ er Information

Curved PAStrack ME-6841

SOINVHI3IIN

Conservation of Energy Experiments

Smart Cart Curved Track System

ME-5700B

» Explore all aspects of the Law of Conservation of Energy

» Wireless Smart Cart has all the sensors you need

» Use this system for all other dynamics experiments

This unique system has a curved track that allows your students to

build hills and valleys for Conservation of Energy experiments.

Data is collected using the sensors onboard the Smart

Cart. Unlike when Motion Sensors are used to track Will the cart be going any faster at the bottom

the cart, the Smart Cart does not have to be in if a mass is added? With the Curved PAStrack

the direct line of sight of the sensor, so it can and a low friction cart, students can investigate
go over hills. And, the Smart Cart is wireless, conservation of energy to answer that question.
S0 no extra friction is introduced.

Smart Cart
Rod Stand Adapter

Includes:

e PAStrack (2) ME-6960

e Curved PAStrack (2) ME-6841

e Track Rod Clamps (4) ME-9836
The curved and straight track pieces can be combined to form a « Dynamics Track End Stop (Two 2 Packs) ME-8971

step, so the cart starts out on a nearly level upper step, travels down

e Stainless Steel Rod, 60 cm (threaded) (2) ME-8977
the step, and ends on a level straight section. This makes measuring ! (thr ) @)

) . ¢ Round Base with Rod (2) ME-8270
the change in height very easy.

. ) . ) e Small “A” Base (2) ME-8976
During the experiments, the mass of the cart is varied to see what « PAScar Cart M (set of 2) ME-6757A
effect, if any, it has on the results. car Lart Mass (set o

e Smart Cart (Red) ME-1240

Another configuration forms a potential well so the cart oscillates
back and forth.

This versatile system can also be used for regular dynamics Order Information

experiments such as impulse and Newton’s Second Law. Smart Cart Curved Track SYSteM.........ccccoovvvvessiivvesssc ME-57008
Required:

. PASCO Capstone SOftware...........cccovvvicueennenecciesinenes pp. 68-71
Experiments can be downloaded at pasco.com Bluetooth 4.0 compatible computer

800.772.8700 (inside US) | +1916.786.3800 (outside US) 107
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Dynamics Systems Accessories

Dynamics Cart Magnetic Damping

ME-6828

» Magnets cause eddy currents in aluminum tracks
» Magnetic drag is proportional to cart speed

» Damping Accessory connects to cart magnets

» Slide magnets up/down to adjust amount of drag

Magnetic Damping using the Wireless Smart Cart

Measure the magnetic drag force directly with the Smart Cart’s on-board force
sensor. The Smart Cart also has an encoder that keeps track of its velocity. This plot
of Force vs. Velocity shows the induced magnetic drag is proportional to the velocity.

Includes:
e Bracket
* Magnets
e Keeper

Order Information

Dynamics Cart Magnetic Damping............ccccoevvrennnee. ME-6828

Shown in use with:

Basic Smart Cart Metal Track 1.2 m System ME-5708A p. 97
IDS SPring Kit ....cvovvvececieeeiri e ME-8999  p.111

Mechanical Oscillator/Driver

ME-8750

The Mechanical Oscillator/Driver delivers repeatable, low-frequency,
high-force sinusoidal motion for harmonic motion experiments.
Shown with the Smart Cart Standard Dynamics System (ME-5718),
it also works with other Dynamics Systems having a metal track.

Adjust
amplitude by String guide
sliding arm
Slot for For mounting on a
mounting dynamics track
photogate
Rod clamp

(on opposite side)

Mechanical
Oscillator Driver

Spiing /

See EX-5551A
Driven Damped
Cart Oscillations

Experiment on
page 346.

PAScar Cart
Mass
Smart Cart /

End Stop

Magnetic Interface
Damping
Bumper

/ \ 850 Universal

Dynamics Track

The velocity amplitude is
plotted as a function of
driving frequency. The four
resonance curves show the
effect of varying the strength
of the magnetic damping.

Specifications:
Sinusoidal Drive: 12 VDC motor
(Frequency: 0.3-3 Hz, Current: 0-0.3 A).
Adjustable Amplitude: Up to 12 cm.
Mounts to Dynamics Track or Rod
Photogate Mounting Holes

Mechanical OsCillator/DriVer ...........ccccvvrveeereerereenens ME-8750

Shown in use with:

Standard Smart Cart Metal Track 1.2 m System......... ME-5718A p.97
Dynamics Cart Magnetic Damping................. .
850 Universal Interface............coceuvevninceicninninccinnns Ul-5000

108
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Dynamics Systems Accessories

Friction Block
ME-9807

» Two types of material

» Vary surface area by using it flat or up on its side
» Hook for attaching a string to pull it

) Slot for a picket fence or flag for photogate timing

The wooden Friction Block

has felt on two sides, so the

frictional coefficients for felt or

wood can be measured. It also fits

into the dynamics cart tray so the cart

can run on its wheels, or it can be turned

upside down to run on the Friction Block without changing the mass.

Specifications:
Dimensions: 13cm x5 cm x 1.7 cm
Approximate Mass: 110 g

The sliding friction block does work on the moving Smart Cart and stops it quickly.
The graph above shows the cart velocity and applied friction stopping force vs. the
distance travelled by the cart and block. The area under the Force vs. Distance
curve gives the work done, and the loss of kinetic energy can be calculated from
the velocity.

Order Information

Friction BIOCK...........ccovivereriiiceer e ME-9807
Shown in use with:
Dynamics Track System........c.cccoovvrerriniiieinnns See pages 96-97

Dynamics Track End Stop (2 Pack) ME-8971 p. 111

Discover Friction Accessory
ME-8574

See EX-5508
Sliding Friction

Experiment on
page 330.

SOINVHI3IIN

PASCOQO’s Discover Friction Accessory is unlike any other friction set.
The trays are designed to work effectively with PASCO carts and
sensors. Using the four trays, students can discover concepts such
as coefficient of friction, static friction, kinetic friction and the sliding
friction equations. The two trays with identical plastic surfaces can
be hooked together to explore the relationship between surface area
and sliding frictional forces.

9]
E |
E Maximum Static |
74 | Frictional Farce | Kinetic Frictional Force
6
~ °7
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o ] / -
o 44
5 1
L 3 /
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1 /.
04 rort]
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0 1 2 3 4 5 6 7 8
Time (s)
Friction

The peak of the graph represents the maximum static frictional force. Once the
friction tray begins to move, the kinetic frictional force is evident on the graph.

Features

» Compatible: Can be used with PASCO carts, masses and
Force Sensors

» Versatile: Allow students to discover key friction concepts

» Easy Storage: Friction trays are stackable, both for adjusting
the pulling height and storage

Includes:

e Friction Tray - Felt

e Friction Tray - Cork

e Friction Tray - Plastic (2)

Order Information

Discover Friction Accessory ME-8574
Recommended:

PAScar Cart Mass (et 0f 2)........ccoccvverriirricnnes ME-6757A
PASCar (Red).......cevevreeeercreieeiceccreese e ME-6933
PASCAr (BIUE).......cecvieciicrriciricisiciececiis ME-6934

Force Sensor .... ..See pages 20, 29
Dynamics SyStem ..........ccccovcueveverecccrererieeenens See pages 96-97

800.772.8700 (inside US)

+1916.786.3800 (outside US) 109
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Dynamics Systems Accessories

Super Fan Cart

ME-6977

» Constant force
» Rechargeable
» Programmable

Teach every aspect of Adjust thrust angle
Newton’s Second Law to teach about
vector forces

with PASCO’s

Super Fan Cart. Fan turns through 180

Rechargeable

Battery Vary the Mass
Lithium/polymer bat- Without Changing
tery runs fan con- the Force

tinuously on medium
thrust for about 1.5
hours. Recharges

in about 1 hour.

Retractable Wheels /

with low friction ball bearings

Adjustable Fan Speed

Apply different forces using three standard settings or the
continuously variable setting. Regulated power supply
gives constant thrust even as the battery discharges.

Accessory Mass Tray

for Compact Cart
/Masses (ME-6755).

String Attachment
Connect two fan carts together
to add or subtract forces.

The Net Force Is Zero
Removable sail can be used
two ways: When positioned
as shown, the sail cancels
the forward air flow and
there is no thrust. If the sail
is reversed, its curved shape
reflects the air backwards,
causing the cart to move.

Pulse Duration

Program fan to be pulsed on
for specific time to demonstrate
acceleration only occurs when
a force is applied. Includes time
delay and auto-repeat option.

Specifications:

Fan Cart Mass: Approximately 0.3 kg
Sail Mass: Approximately 0.1 kg
Regulated Power Supply: Lithium-polymer battery
(7.2 volts, 1.25 amp-hour)

Run-time: Runs approximately 1.5 hr on medium thrust
Recharge Time: One hour

Thrust Settings: Approximately 0.04 N on Low,

0.15 N on Medium, and 0.22 N on High

Thrust, Variable: Approximately 0.01 N to 0.23 N

Hooke’s Law, Spring Potential Energy,
and Work-Kinetic Energy Theorem,
all in one cart launcher

Spring Cart Launcher

ME-6843*

» Affordable cart launcher
» Hooke’s Law

» Spring potential energy

See EX-5504A
Hooke’s Law and

Energy Stored
in a Spring
on p. 327

The Spring Cart Launcher provides an economical way to launch
carts in a repeatable fashion. It can be used for Hooke’s Law,
collisions, and for Conservation of Energy. It fits into the bed of a
Dynamics Cart or PAScar. To launch the cart, the plunger is pulled
through the hole in the new endstop, compressing the spring, and
then released. To add repeatability, a second endstop can be used
with the supplied pin to hold the plunger at a specified compression
position. Three different strength springs are provided with the Spring
Cart Launcher. Use with or without probeware.

*NOTE: The Spring Cart Launcher is not compatible with the Smart Cart.

Includes:
e Spring Cart Launcher
e Trigger Pin

e Three Different
Strength Springs

Order Information

Spring Cart LaunCher...........cocvvveveveeeccceseeeeeeinns ME-6843
Required:

Dynamics Track SyStem..........ccccvveeevevveeecicierccinne See pages 96-97
Shown in use with:

Dynamics Track End Stop (2 Pack).............ccccceervennne ME-8971  p.111
Cart Launcher SPrings .........ccvcurieeniceniecenieeeniennenes ME-6847

(Three different strength springs, two each)

Compact Cart Mass ........ccoeeveerererrerereereeseseseesenns ME-6755 p. 111

Constant Speed Buggy

SE-8028A

Turn on the Constant Speed Buggy and watch it go. When it reaches
a wall, it flips over and changes directions. This low-cost

solution features flashing lights and a sporty

appearance. Requires two “C” batteries

Includes: that are not included. Actual product
e Fan Cart e Sail ¢ Charger may vary from picture.
Order Information &WARNING
T e L 7Ly ME-6977 CHOKING HAZARD
. Small parts. Not for
Recommended: children under
PASEACK.....cocveiiiiiiicrerercee et ME-6960 p. 106 3 years.
compact Catt Jlass MEors5 b
Replacement Part: Order Information
FaN Sl ... ME-1248  p. 101 Constant Speed Buggy........ccoeuveveerirnriresincicirnnenn. SE-8028A
110 more information at pasco.com



Dynamics Systems Accessories

Track Rod Clamp

ME-9836

/ Pivot Clamp

Shown with PAStrack

Track Rod Clamp fastens to the T-slot of a
Dynamics Track and accepts 1/2” rod.

Order Information
Track Rod Clamp ................... ME-9836

Dynamics Track Feet
(Pair)
ME-8972

A pair of adjustable
feet for the classic
aluminum tracks
included in PASCO
Dynamics Systems.

Order Information

Dynamics Track Feet (Pair)..... ME-8972

Dynamics Track End Stop
(2 Pack)

ME-8971

A replacement
supply for tracks
included in PASCO
Dynamics Systems.

Order Information
Dynamics Track End Stop
(2 PaCK) ... ME-8971

Angle Indicator
ME-9495A

The Angle Indicator
fastens to the T-slot
of a dynamics track.
Hanging plumb-
bob indicates

angle to 1/2°.

Order Information

Angle Indicator...........ccccovvnnne ME-9495A
Recommended:

Launcher Plumb Bobs
(12-pack).....ceevererrercrererernnes ME-9868A

PAScar Cart Mass
(set of 2)

ME-6757A

These 250-gram masses fit in any Dynamics
Cart (including the Smart Cart) or the
Discover Friction Accessory.

Order Information

PAScar Cart Mass (set of 2)........ ME-6757A

Compact Cart Mass
ME-6755

This 250-g mass allows students to change
the mass of the Classic Cart or PAScar
when a force sensor is mounted in the bed
of the cart. It also fits on a cart that has a
Spring Cart Launcher

(ME-6843) mounted

in the bed. /

Order Information
Compact Cart Mass ............... ME-6755

Elastic Bumper
ME-8998

The Elastic Bumper protects the Motion
Sensor from the carts, but doesn’t interfere
with the ultrasonic pulse.

Bracket
\

Motion Sensor

Elastic Bumper
Shown with PAStrack
Includes:

e Two pairs of brackets
¢ 10 meters of elastic material

Order Information
Elastic Bumper .............ccccu... ME-8998

Super Pulley with Clamp =
ME-9448B 3
I
>
=
o
(dp]
Shown with
PAStrack

The Super Pulley with its integral clamp
makes setup and alignment easy. The
pulley height is fully adjustable, so you can
keep the force parallel to the track on an
inclined plane.

Includes:

e Super Pulley

e Super Pulley Clamp
° Mounting Screws (2)

Order Information
Super Pulley with Clamp............ ME-9448B

IDS Spring Kit

ME-8999

Includes 12 springs (1.6 cm diameter) with
approximate spring constants of:

3.4 N/m (3 short and 3 long springs)
6.8 N/m (8 short and 3 long springs)

Order Information
IDS Spring Kit .......ccovvvevernnes ME-8999

Harmonic Springs 8 Pack
ME-9803B

Includes eight identical springs: 8 cm long,
3.4 N/M spring constant.

Order Information

Harmonic Springs 8 Pack....... ME-9803B

800.772.8700 (inside US) |

+1916.786.3800 (outside US) 111
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Dynamics Systems Accessories

Photogate Brackets
(2 Pack)
ME-9806
ME-8933
ME-9804
Photogate Brackets
(2 Pack)—IDS.........ccovovrerrnnne ME-9806
Picket Fences
(Smart Timer)........ccoceverernnee ME-8933
Cart Picket Fences
(2 Pack) = IDS.......cocovverrerrnnee ME-9804

Cart Replacement Axles*
(4 pack)

ME-6957

*Not suitable
for Smart Carts

Although the ball bearings are designed

for many years of use, the bearings may
become damaged from dirt and other
contaminants. The wheels and axles of the
PAScar can be easily replaced by removing
the lower section of the car and placing the
new wheels in the chassis. A perfect tune-
up for a PAScar or GOcar! The wheels of
the Classic Carts can also be replaced with
the same set of wheels. Contact PASCO’s
technical support for further assistance.

Order Information

Cart Replacement Axles
(4 pACK) oo ME-6957

Braided Physics String

SE-8050
» 30-Ib. Test

This braided Dacron®

string is tough,

resists stretching,

and won’t unravel.

Withstands up to 133

Newtons of force (equivalent to 13.6 kg).
Each roll provides 320 meters of string.

Order Information

Braided Physics String............ SE-8050

Spares Kit - IDS

ME-9823

The Spares Kit contains many of the small
parts that can get lost after classroom use.
All parts are organized in a convenient case
for easy storage.

Includes:

e Cart Bumper Magnets (2)

e Velcro® Hoop and Loop Bumpers (4)

e Dynamics Track Feet Screws (4)

e 1/47-20 x 9/16” Tee Thumb Screws (4)

e 1/47-20 x 9/16” Round Thumb Screws (6)
e 1/47-20 x 3/8” Round Thumb Screws (6)
e 1/47-20 x 7/32” Square Nuts (20)

1/47-20 Nylon Thumb Nuts (6)

e 6-32 x 3/8” Nylon Thumb Screw (6)

e M5 x 0.8 x 20 mm Nylon Thumb Screw (4)
e 1/47-20 x 3/8” Set Screws (4)

e Bumper Squares (8)

e Round Rubber Bumpers (4)

Order Information

Spares Kit - IDS. ..................... ME-9823

Rubber Cord for IDS
System (30m Spool)
ME-8986

This rubber cord is used with PASCO’s
Elastic Bumper, and also fits the Air Track
Bumper Set with Holder.

Order Information

Rubber Cord for IDS System
(30mM SPOON)......cvvecrrecrracee. ME-8986

Use your Rotary Motion
Sensor to track cart motion.

Dynamics Track Mount
Cl-6692

The Dynamics Track Mount (CI-6692) is
used to mount the Rotary Motion Sensor to
the Dynamics Track, allowing it to act as a
high resolution, bi-directional Smart Pulley.

Includes:
* Bracket

Order Information

Dynamics Track Mount............... Cl-6692
Track String Adapter
ME-6569

When the Track String Adapter is used in
conjunction with the Dynamics Track Mount
(Cl-6692), the Track String Adapter allows

a Rotary Motion Sensor to continuously
monitor the Dynamics Cart’s position. A loop
of string wraps around the Rotary Motion
Sensor pulley and the ball-bearing pulley,
and then it attaches to the cart via a special
clip (included).

Includes:

e Bracket with Pulley
e Cart String Clip

e Thread

Order Information

Track String Adapter .................. ME-6569

112
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Force Sensor Track Bracket

ME-6622

The Force Bracket with
bumpers mounts the PASCO
Force Sensor directly to a
dynamics track. It includes 5
collision attachments for the
Force Sensor and
conveniently stores

each attachment on

the bracket itself.

Using any of these
attachments, the bracket
serves as an excellent support
or target for collision studies
using the Force Sensor.

Wireless Force Acceleration Sensor (PS-3202) in cart collisions with fixed spring
bumper on Force Bracket

Force vs. Time data
for a clay, spring,
and magnet

Includes:
e Spring Bumpers (different spring constants) (2)

e Magnetic Bumper

e Rubber Bumper

e Clay Cup for Inelastic Collisions (clay included)

e #0 Phillips Head Screwdriver (to attach to Force Sensor)

Order Information

Force Sensor Track Bracket ............cccccveveevnivviviicncnenns ME-6622

Bumper Accessory Set
ME-9884

SOINVHI3IIN

This set of bumpers can be used with any PASCO Force Sensor
to perform both elastic and inelastic collisions. The standard hook
for each Force Sensor can be easily removed and replaced with
any of these bumpers. Use a spring and a cup for elastic collisions.
Combine two cups with clay to explore inelastic collisions.
Includes:

o Stiff Spring

e |ight Spring

e Empty Cup (2)

e Modeling Clay

Order Information

Bumper AcCessory Set........cocvvvviceiieeeceeeseenee ME-9884

Magnetic Bumper Set
ME-9885A

This set of magnetic bumpers can

be used with any PASCO Force
Sensor or Smart Cart to perform
elastic collisions without any contact.
The bumpers screw directly into the
beam of the sensor. They can also be
used with the Force Bracket.

Includes:
e Magnetic Bumper (2)

Order Information

Magnetic Bumper Set.........cccovvviiernrcceeerenes ME-9885A

Cart Adapter Accessory

ME-6743
The Cart Adapter Accessory allows the Motion
Sensor and many other sensors to be mounted to
a Dynamics Cart or a PAScar.

Mounting a Motion Sensor on a cart is ideal for the study of relative
motion. The adjustment knob on the bracket

allows the Motion Sensor to face any direction.

Includes:

® Two M5 thumb screws to attach to cart

e 1/4”-20 screw at center

Order Information

Cart Adapter ACCESSONY ......cvvvrereerererereriresieeseeneresesens ME-6743

800.772.8700 (inside US)
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Dynamics Systems Measurement

Smart Gate Smart Gate

PS-2180 /

The Smart Gate connects directly to any PASPORT interface, and has an auxiliary

port to daisy chain to an additional Photogate. Can be used with cart picket fence, Photogate
clamp on super pulley, and flexible Photogate Tape. / Bracket
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Wireless Smart Gate

PS-3225

Clamp-on/
The Wireless Smart Gate has all the features of the Smart Pulley

Gate (PS-2180), but it connects to your computing device
via Bluetooth® or USB; it does not require an interface.

Photogate Smart Pulley

Use the Smart Gate and
\ ! Photogate Bracket with the
Picket Fence . Clamp-on Super Pulley to
/ Auxiliary Port Smart Gate create a “smart pulley.”

\ / Double Infrared Beams

Using the double beam of the Smart
Gate, the velocity of the cart can

be determined accurately using the
front edge of a single flag.

Auxiliary Port

A second photogate is connected
to the Smart Gate Auxiliary Port so
only one PASPORT port is required
for two photogates.

Connects directly to
PASPORT Interface.

Smart Gate

™~

Photogate Tape Slot
The Smart Gate has a Taped to cart PhOtOgate Tape Free end
special slot through which

the Photogate Tape can be \ \ \
threaded. This creates an
excellent way of continuously
measuring the speed of the

cart as it accelerates down the
inclined track.

Photogate Tape Slot

PS-2180 Includes: PS-3225 Includes:

e Smart Gate e Wireless Smart Gate Order Information

¢ PASPORT Cable e USB Charge Cable SMArt Gate .......c.ovcvrieciricricscce e PS-2180 p. 26

o Interface Cord WITEIESS SR €D ccocomcccocmecncsemmmmsenmssemmossecnsocnn: PS-3225 p. 50
Recommended:
Photogate Head ..........ccccoevvvvececiiiccecene ME-9498A  p. 27
Photogate Tape, High Resolution (30 m) ... ME-6666 p.27
Photogate Brackets (2 Pack) — IDS..... ... ME-9806 p. 112
Cart Picket Fences (2 Pack) — IDS .. ...ME-9804 p.115
Super Pulley with Clamp.........cccoveevrircccene ME-9448B  p. 111

114 more information at pasco.com



Dynamics Systems Measurement

Photogates and Fences Dynamics System

ME-9471A

When used with the computer for data recording, display, and
analysis, the photogate/pulley timing system can provide a wide
range of time, speed, and velocity measurements. The photogates
mount to the dynamics track using the provided brackets. The picket
fences provided mount directly to the dynamics carts.

Position and velocity graphs are
obtained using a Picket Fence
and Photogate.

Includes:

e Photogate Heads (2)

¢ Photogate Brackets (2)
* Picket Fences (2)

e Super Pulley with attachment screw
(attaches Super Pulley to Photogate)

e Pulley Mounting Rod

Order Information

Photogates and Fences Dynamics System........... ME-9471A

Individual Components:

Photogate Head ............cocoeuvvinicnninnnicccne ME-9498A  p.27
Photogate Brackets (2 Pack) -- IDS...................... ME-9806

Cart Picket Fences (2 Pack) -- IDS ...........cccceunee. ME-9804

Super PUlley .........cocevevvevevnnee. p. 141
Pulley Mounting Rod p. 141
Required for use with PASPORT interfaces:

PASPORT Digital Adapter...........cccooeuvievrievricunn. PS-2159 p.48

Cart Picket Fences
(2 Pack)

ME-9804

Order Information

Cart Picket Fences (2 Pack) = IDS ...........cccoceevnee. ME-9804

Picket Fences
(Smart Timer)
(Set of 2)
ME-8933

See Smart Timer on
pages 116-117

Order Information

Picket Fences (Smart Timer) .........ccoocevnierriennnee ME-8933

Photogate Brackets (2 Pack) - IDS

ME-9806

) Attaches Photogates to PASCO Dynamics Tracks
» Easily Adjust Photogate Height

The Photogate Bracket
allows the Photogate Head
to be attached directly to
PASCO dynamics tracks.
This eliminates the need for
separate photogate stands
and allows the photogate
height to be easily adjusted
relative to the track. Includes
two Photogate Brackets.

(Photogates not included.)

Order Information

Photogate Brackets (2 Pack) — IDS..........c..ccoverrinenne. ME-9806

Photogate Tape, High Resolution (30 m)

ME-6666
Flexible Mylar picket fence tape can be cut to any length. Tape slides
into a Smart Gate to more accurately measure the motion of a cart.

Photogate tape can be used
as a picket fence “string” to
continuously measure the
motion of the cart.

Slide the photogate tape through the slot to measure position,
velocity, and acceleration. The band spacing on the tape is 1 cm
from edge to edge.

Order Information

Photogate Tape, High Resolution (30 m)............... ME-6666

Required:

SMArt Gate .....c.ovoveeeeereeeeec e PS-2180 p. 26
Wireless Smart Gate .........cccveeeererereeeeenisereenenns PS-3225 p. 52

SOINVHI3IIN

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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Timers

Smart Timer
ME-8930

» Measures time, speed and acceleration
» Counter for G-M Tubes
» Crystal-controlled 0.01% accuracy

Measure Time:

» One Gate: Returns time
from leading edge to
leading edge

) Fence: Returns 10 time
values

) Two Gates: Returns time
between two gates

» Pendulum: Measures
pendulum period

) Stopwatch: Returns time
between pressing Start/
Stop button

Measure Speed:

» One Gate: Single
object speed using
picket fence

» Collision: Initial and
final speeds for one or
two carts

» Pulley: Angular speed

]

Measure Acceleration:

» One Gate: Direct
measurement of
acceleration using
picket fence

» Linear Pulley:
Acceleration of string

» Angular Pulley

» Two Gates: Object’s
average acceleration
between two photogates

Measure Counts:
» Three timing intervals
» Manual mode counts

) Portable timer for photogates and smart pulleys

1. Measurement
Press this button to

The Most Versatile Stand-Alone Timer Available

» Accessory Photogate
» Photogate/Pulley System
» Time-of-Flight Accessory

2-line, 16-character Alphanumeric LCD

» Top Line: Measurement Description; Bottom Line:
Numerical Values

It’s as easy as 1-2-3.

2. Mode 3. Start/Stop
Press this button  Press Start. The

The ME-8930 Smart Timer works with all PASCO timing devices:

) Freefall Adapter
) Laser Switch
» G-M Tube

Features:

» Works with Two Photogates

» More Than Just a Timer: Measures
speed and acceleration as well as time.

» Quick Setup: Turn on the switch, plug in
the photogates, and it’s ready to use.

» Portability or Plug-in: The battery-
operated (four “AA’s) Smart Timer can be
used outside the classroom away from
power outlets. It can also be operated on
the 9 VAC adapter (included).

) Calculation Lock-out Switch:
A switch inside the battery compartment
disables the speed and acceleration
modes. Timing modes are unaffected,
and students are required to do their
own calculations.

Specifications:

Resolution: 100 ps

Accuracy: 0.01% of full range of the
measured time

Display: 2-line, 16-character,
alphanumeric LCD

Inputs: Two 1/4” stereo phone jacks
on side panel— TTL compatible
Power Requirements: Four “AA” batteries
(not included) or AC adapter

(9 VDC, 500 mA) included

Typical
Experiments

» Acceleration Due to Gravity*
» Newton’s Second Law*

) Conservation of Momentum in
Collisions*

until Stop is pressed
» Up to 5,000 counts/

Smart Timer “beeps,” » Rotational Inertia of a Disk & Ring*

select the quantity
to be measured:

to select the type

of experimental and waits for an ) Acceleration Down an Incline

second “Time,” “Speed,” setup. Each event to occur. After » Simple Harmonic Oscillator
» Up to 9,999,999 total “Accel,” “Count” or ~ mode is shown  the event, the Smart » Oscillations on an Incline
counts “Test” will appear in words on the  Timer displays a

» Springs in Series and Parallel

) Projectile Motion Using Photogates

» Time-of-Flight and Initial Velocity

» Determining the Acceleration Due to
Gravity

» Counting Radiation with the G-M Tube

*Experiments require accessories listed on
pages 21 and 27.

To see the experiments, type
the product number into the search
box at www.pasco.com and

download the manual.

on the display. display. result.

Two Photogate Ports Durable Positive-click Buttons
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Timers

The microprocessor-based PASCO Smart Timer is the most versatile
way to make time, speed, acceleration, and count measurements.

Speed of projectile—In Time: Two Gates mode; determine the speed of a
ball fired by a Projectile Launcher through two photogates.

SOINVHI3IIN

Speed of object through one gate—In Time: One Gate mode; timing
begins when the photogate beam is first blocked and continues until the
beam is blocked again. Use the fence supplied with the Smart Timer.

Speed before and after collision—In Speed: Collision mode; use two
carts and two photogates with a single Smart Timer to measure initial

and final speeds of both carts.

Includes:
e Smart Timer

e Picket Fences (2) e | ab Manual

Order Information

Smart Timer...........o...... ME-8930

Recommended:
Accessory Photogate ......ME-9204B  p. 21

Picket Fences

(Smart Timer)......c.ccco..... ME-8933

Freefall Adapter .............. ME-9207B
Photogate &

Pulley System................. ME-6838A p. 21
Time-of-Flight

ACCESSOIY ... ME-6810A p. 21
G-M Tube/Power

SUPPIY . SN-7927A p.21
Phone Jack

Extender Cable................ PI-8117 p. 21

e 9 VAC Adapter

Rotary motion—In Acceleration: Linear Fulley mode; the Smart Timer

measures the acceleration of the string over the Smart Pulley.

ME-8932

Includes:

e Super Pulley
e Smart Timer

(not shown)

e Accessory Photogate (2)

e 9 VAC Adapter and Lab Manual

Smart Timer Photogate System

The PASCO Smart Timer is among the most
versatile and affordable measurement tools
available to physics educators. This system
includes a PASCO Smart Timer and two
Photogates for measuring time, speed,
acceleration, and count.

e Picket Fences (Smart Timer) ME-8933

ME-9204B
ME-9450A
ME-8930
Smart Timer
Photogate System................... ME-8932

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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Timers

Digital Photogate Timer System

ME-9403A
» High accuracy and resolution

» Four timing modes: gate, pulse, pendulum, and
manual stopwatch

» Built-in memory
» Two Photogates for measuring time between gates

PASCO Photogates and Digital Timers are used in thousands of
physics labs throughout the world because they are rugged and

simple to operate.
Precision Photogates
PASCO photogates are highly
accurate timing devices.

Each photogate has a high out-

put, narrow angle infrared emit-

ter and a narrow angle detector.

The photogate signals:

— have a spatial resolution error
of less than 1 mm

— have a rise time of less

Accessory /

Photogate than 10 ps

Can be — are unaffected by normal
purchased ambient light

separately.

Digital Photogate Timer System

Includes both the Photogate Timer and
the Accessory Photogate.

ME-9215B
Photogate Timer Shown with
with Memory the Freefall
Timer Adapter
ME-9207B.
Features:

» Timer serves as the base

» 0.1 ms resolution and 0.01% accuracy

» Memory Function allows two measurements to be made in rapid
succession, such as pre-collision and post-collision velocities

» Two Photogates for measuring elapsed time between gate
interferences

» Simply turn it on and begin collecting measurements

» Powered by 4 C batteries (not included) or the 9V AC adapter
(included)

» Manual includes ten ready-to-use experiments

Specifications:

Modes: Gate, pulse, pendulum, manual stopwatch

Resolution: 0.1 ms (max time 19.9999 s)

Accuracy: 0.05% of full range of the measured time +1 digit
Display: 5-1/2 digit, 10 mm high LCD

Memory: Preserves displayed time while new time is measured
Photogate: 6.5 cm wide; fully adjustable swivel mount; LED trigger
indicator; fall time <10 ns; spacial resolution <1 mm

Inputs: Accessory Photogates, or TTL-compatible signals; one
photogate jack and a 9-V AC adapter jack (or four “C” size batteries)
on back panel

Order Information

Digital Photogate Timer System ....ME-9403A
Photogate TIMEr ........ccceeiiirirrceeece e ME-9215B
Accessory Photogate ... ME-9204B

0.1 ms
— | Resolution
Four
Timing
Modes ™~ Memory

Record two times in
rapid succession.
The photogate will
remember the first
and the total of the
two times.

.

Compatible with these PASCO products:
e Time-of-Flight Accessory
e Freefall Timer
e Laser Switch

Freefall Apparatus

Student Timer

SF-7275

» Use with Freefall Apparatus (SF-7274)
» Also has manual start/stop
» Battery-powered

This student timer is designed to perform time measurements using
photo cells, microphones, freefall equipment and other mechanical
and electronic switches. The timer function can also be activated
manually. The student timer is supplied with batteries and a power
adapter. The instrument turns itself off automatically after 5 minutes
without any activity, both when battery powered and when powered
with the power adapter.

DIN connectors Connector for
for microphones or mains adapter
photocells (backside of the
instrument)
On/off and
reset button
awakens the
instrument from
sleep mode Jack connectors
for connection of Freefall
Apparatus, switch box or Push-button

other accessories for manual start

. . and manual sto
Specifications: P

Display: 5-digit floating point LED
Resolution: 0.01 ms
Max. time: 99999 s

Order Information
StUAENE TIMET ....cvvcecce e SF-7275
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Timers

Tape Timer
ME-9283

» Crystal-controlled
» Two frequencies (10 Hz and 40 Hz)
) Easy-to-read dots

Provides students with a visual

demonstration of speed and

acceleration. A moving object pulls a

paper tape through the timer. The timer prints dots

on the tape at equal time intervals. The result is a series of dots

on the paper tape, representing the position of the object as a function of time.

From the dots on the tape, the distance traveled can be measured, and the average speed
for each time interval can be calculated. Plotting position versus time enables students to
determine the average speed. Plotting the average speed for each time interval versus time
enables acceleration to be determined.

The paper tape can be attached to air track carts, dynamics carts, falling masses or
other objects.

Features:

» Two Crystal-controlled, Calibrated
Frequencies: (10 Hz and 40 Hz),
accurate to 0.1%. The 40-Hz frequency
is ideal for freefall experiments.

The slower 10-Hz frequency is best for
most dynamics track experiments.

» Includes an Internal 9-V Battery, or
Use an Optional External 9-V AC
Adapter/Power Supply: A single
battery can last for up to a
year’s worth of normal
experiments.

» Low Mass, Small-
pin Printing Head:

Driven by short
millisecond pulses,
produces sharp,
round dots without
smearing.
» Plain Paper:
Print on 12.5 mm
(1/2 inch) wide, plain paper supplied in 150-meter (500 feet) rolls.

» Carbon Paper Discs: Used for printing. The adjustable disc holder allows the
printing point to be adjusted, giving a long life to the discs.

» Rod Clamp: Allows the Tape Timer to be mounted on a standard lab stand rod so
that the paper path is either parallel or perpendicular to the rod. Rod sizes between
13 mm (1/2 inch) and 9 mm (3/8 inch) are accommodated.

Includes:

e Roll of paper

e Carbon paper discs
e Battery

e Manual (not shown)

Order Information

TaPE TIMET ... ME-9283
Recommended:

AC Adapter (9 V, 500mA) .........ccccereereeeeerereereenee 540-007
Tape Timer SUPPlES......ccovvevevevreirereeeeeeeeeieenene ME-9284

Includes five rolls of paper (150 m each) and 10 carbon discs.

PASCO Stopwatch
ME-1234

» No alarm or clock

» Memory for stored event times
» Uses one AA battery

» Durable buttons

Are you tired of annoying stopwatch

alarms going off all day? Are your students
stuck in the clock mode and can’t get

their stopwatch back into the timing

mode? Does your stopwatch stop working
after changing that little watch battery?
The PASCO Stopwatch solves all these
problems.

This stopwatch was designed specifically
for science timing. The modes of operation
are intuitive and complete instructions are
included. The buttons are built to last and it
uses a single long-lasting AA battery, which
is less expensive than a watch battery (and
easier to install).

SOINVHI3IIN

The PASCO
Stopwatch fits
comfortably in
your hand.

The EVENT/RECALL button allows you to
view the last time, in case students forget
to write down their data. The EVENT/
RECALL button is also used to store and
recall up to nine event times. For example,
record a series of events, such as times at
which sandbags were dropped along the
gym floor.

Specifications:

LED Display: Visible indoors and outdoors

Two Display Modes: MM:SS.SS (01:25.34)

or Decimal Sec (85.34 s)

Precision: 0.01 sec up to 59:59.99
(MM:SS.SS) or 3599.99 s Then
1 sec t0 99:59:59 (HH:MM:SS)
or 359999 s

Max Number of Event Times: Nine

Auto-off: After one hour idle Can Be Used

with a Lanyard (not included)

Can be used: with a lanyard (not included)

Includes: One AA battery and
instruction sheet

Order Information

PASCO Stopwatch............cccu.e. ME-1234
PASCO Stopwatch, 10-pack....... ME-1235

800.772.8700 (inside US) | +1916.786.3800 (outside US) 119



9}
=
=
<
-
&)
L
=

Air Track

2.0 m Air Track

SF-9214

Variable Output
Air Supply

SF-9216

» Nearly frictionless
linear motion
» Two meters long
» Complete accessories included

It’s simple physics—a moving
object will continue forever at

a constant velocity unless it's
acted on by an external force.

To the physicist, Newton’s First
Law is second nature. Yet it’s still
fascinating to watch an air track
glider moving endlessly back and
forth on an air track.

It's even more fascinating for students, who are often
seeing this simple display of motion for the first time.

Add a timing system to investigate uniform motion,
average and instantaneous velocities, uniform
acceleration, elastic and inelastic collisions, impulse
and change in momentum, conservation of momentum,
conservation of energy, and more. The data is precise
and unambiguous and frictional forces are negligible.

Compared to other air tracks, the PASCO Air Track is:

» Longer: The full 2-meter length provides more room for
experimenting (yet it still fits on a standard lab table).

) Straighter: Guaranteed straight to within 0.04 mm over its entire
2-meter length. If your air track should ever become misaligned,
return it to us and we will realign it for free.

» Tougher: The track is a large square aluminum extrusion with
3 mm thick walls that are further strengthened by a supporting
U-channel. This construction preserves straightness and allows
for accurate realignment.

» Quieter: When using PASCO’s Air Supply (SF-9216 Sold
Separately) this system is exceptionally quiet (allows the air to be
adjusted), and the variable flow to the perfect amount for each
experiment. (Too little air causes friction; too much air causes
energy loss due to glider “flutter.”)

) Versatile: The PASCO Air Track comes with a large set of
accessories

» Precision Cart: Designed to easily accept accessories such
as flags, extra masses, etc.

) 2-Meter Scale: Mounted to both sides of track.
» Soft Bumpers: Reduce energy loss during collisions.

) Alignment Channel: Ensures that the track will always
be straight.

Alignment Channel
Ensures that the track wil
always be straight

2-Meter Scale
Mounted to both
sides of track

Sturdy Design

Precision Cart Guarantees stability

Designed to accept
accessories such as
flags, extra masses, etc.

Soft Bumpers
Reduce energy loss
during collisions

/

Accessory Kit Soft bumpers reduce vibrations, allowing

elastic collisions that really are elastic.

Specifications:

Length: 2 m (working distance 1.9 m)

Base: Three-point with bilateral leveling screws
Millimeter Scales: 2 meters long on each side

Includes:

e Gliders (2): 13 cm long; 170 g;
with rubber-band bumpers

e Glider Flags (2): 256 mm

e Glider Masses (4): 50 g

e Glider Bumper (3)

e |nelastic Collision Kit:
Needle with wax-filled receptacle

e Constant Acceleration Kit:
Ball-bearing pulley, glider hook,
mass hanger (2 g) and
five acceleration masses:
two 1 g;one2g;one5g;one 10g

e Storage Case

Order Information

2.0 MAIFTFACK ... SF-9214
Required:

Variable Qutput Air SUPPIY.......cevevvvevcceeeeeeceeiae SF-9216
Recommended:

Replacement Parts..........ccocovevvvrvceeeiiens e see opposite page
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Air Track Accessories

Air Track Accessory Kit
SF-9295

A set of accessories comes with every
PASCO Air Track. All that’s needed is a
timing system. The pieces of the set may
be ordered separately.

Air Track Accessory Kit........... SF-9295
Recommended:

Glider Kit........coovvrevrvrerrrrennen. SF-9224
Air Supply Hose for

Air Track (2m) o.eevevveveeeeeenne SF-9298
T-Adapter and Hose —

AIr Track ... SF-9217

Variable Output Air Supply

SF-9216

The PASCO Air Supply is exceptionally quiet.
Its variable output lets students match the
air flow to the experiment. A 2-meter hose is
included. By adding the T-Adapter and Hose
(SF-9217), the Air Supply can operate two
PASCO Air Tracks at the same time.

Note: This Air Supply produces 36 cfm at
0.122 psi for use with the Precision Air Track
SF-9214. If used with another track, the total
area of the air flow holes must be greater
than 2.6 cm2, or the supply may overheat.

Order Information

Variable Output Air Supply......... SF-9216

Rubber Cord for
IDS System
(30m Spool)

ME-8986

This rubber cord is used with PASCO’s
Elastic Bumper, and also fits the Air Track
Bumper Set With Holder.

Order Information

Rubber Cord for IDS System
(30mM SPO0).....eveeeeiiaine ME-8986

Air Track Accessories and Replacement Parts

The Air Track includes accessories for standard air track experiments, from simple
acceleration to elastic and inelastic collisions. To add more advanced experiments,

a variety of additional accessories are available.

Included in the SF-9295 Kit

(Each item may be ordered separately. The
number in parentheses indicates how many of
each item is included in the Accessory Kit.)

Mass/Hanger
Set (1)
SF-6300

Bumper Set

with Holder (3)
SF-6301

Bumper Set

Air Track (3)
SF-6302

Inelastic Collision

Needle (1)
SF-6303

Wax

Receptacle (1)
SF-6304

Glider
Hook (1)
SF-6305

Glider
Mass (4)
SF-6307

Ball Bearing

Pulley (1)
SF-6308

Photogate
Flags

(25 mm) (2)
SF-6311

SOINVHI3IIN

Not Included in the SF-9295 Kit

(Must be ordered separately.)

Glider
SF-6306

Fixed

End Stop
SF-6313

Adjustable

End Stop
SF-6309

Glider Kit
(see photo below)
SF-9224

Air Supply Hose
(2m)
SF-9298

Additional Glider Kit
SF-9224

Includes:

e Glider

e 50 g Masses (2)

e Bumper with Holder
e Bumper Blade

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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Roller Coaster

Roller Coaster Complete System
ME-9812

» Quantitative studies of Energy Conservation
) Easy to change track configurations
) 3-car roller coaster

Rigid Support Pegs

Variety of Track
Configurations

Low-Friction Mini Cars

“Whiteboard”
Support Panels

Features:

» Support Panels: Have a variety of track configuration holes
predrilled for easy student assembly. Features a dry erase
surface so calculations can be performed at the point of interest
on the track.

» Mini Cars: Have low-friction ball bearings and ABS construction
to withstand repeated impacts. One red, one yellow and one green
Mini Car included. Each car includes a slot for a supplied photogate
flag, cup/mass holder and cup. The body of the car extends just
far enough below the wheels to protect them should the car leave
the track.

» The Roller Coaster’s Mini Cars are low friction, yet rugged; mass
can be added to the cars on top or in the ballast position.

» Bumpers mount on Mini Cars to allow rubber band or clay
collisions. Also used to couple Mini Cars into a train.

) Ballast Mass: Can be added to the mass tray of a Mini Car or
hidden under a Mini Car to increase the energy without changing
the car’s appearance.

» Flexible track: Guides carts on their path, yet is flexible enough
to form loops and hills, or can be rolled out flat on a table. Easily
attaches to the support pegs using the twist-on track clips. Long
pegs allow two tracks side-by-side for comparison.

» Probeware Compatible: Threaded support pegs and Mini Car
photogate flags allow photogates to be used at many positions
around the track to measure velocity and acceleration.

Includes:
e Support panel (3 sections)
e Support feet (4)
e Flexible track (9.1 meters)
e Mini Cars (3)
e Support pegs
for track (43)
e Photogate
support pegs (4)
e Track clips (50)
e Mini Car catcher (2)
e Mini Car starter bracket (2)

Mini Car Catcher

Support Feet
Flexible Track

Applications:

» Conservation of Energy: Release the Mini Car and measure its
velocity and height at several points along the track. Use these
values to calculate total energy of the Mini Car. Frictional losses
are less than 5%.

» Constant Acceleration: Several straight inclined sections can
be used to measure and demonstrate constantly accelerated
motion.

» Projectile Motion/Conservation of Energy: Use the initial
height of the Mini Car to determine its speed as it flies off the end
of the track. Using this speed and height above the ground when
it leaves the track, predict where the Mini Car will land.

» Multi-car Train: Mini Cars can be coupled to form a train and
the velocity of each car can be measured with a photogate and a
Smart Timer. The velocities are not the same.

» Brachistochrone: A Mini Car traveling between two points
along a brachistochrone path takes less time compared to the
straight line path.

e Mini Car collision
accessory (3)

e Mini Car
photogate flags (3)

Order Information

Roller Coaster
Complete System.......... ME-9812

Recommended:
° W?ter cup (3) Photogate Head............ ME-9498A p. 27
e Mini Car Photogate Brackets
ballast mass (3) (2 Pack) - IDS............... ME-9806 p.115
e Photogate Spares Kit —
brackets (4) Roller Coaster............... ME-9815

e Track couplers (2)

Mini Cars (Set of 3)....... ME-9813
Roller Coaster Track...... ME-9814
Smart Timer.................. ME-8930 p.116
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Roller Coaster Accessories & Amusement Park Physics

Loop-the-Loop
SE-7591

How high do you have to start the ball to make it
go over the loop? Students use Conservation

of Energy to determine how much potential
energy is needed to have enough speed

to make it around the loop.

Specifications:
Base Dimensions: 15 cm x 38 cm
Height: 52 cm

Loop Diameter: 14 cm
Includes:

e Two steel balls (1.9 cm dia.)
e \Wooden base
e \/-shaped aluminum track

Order Information

Loop-the-Loop SE-7591

Design your own roller coaster with
PASCOQ'’s Structures System.

PASCQO’s Structures System allows students to design and build their
own roller coaster for detailed studies of conservation of energy and
centripetal force. The flexible track is perfect for building hills, valleys
and even a loop! Car with low-friction, ball-bearing wheels minimizes
energy losses. Measure the speed of the car using photogates or a
Motion Sensor.

Add Load
Cells to
measure
the forces
needed

to support
the track.

/

Add a loop to your
roller coaster

Investigate the effect of changing
the size and shape.

Graph shows support forces
exerted on the track as the car
goes up and over the loop.

Order Information

Large Structures Set.........ccccoevvveveviricrennne ME-7003 p. 150-151
Shown in use with:

Load Cell and Amplifier Set..........ccccceence PS-2199 p. 31
Accessory Photogate ..........cccovevevererecnennns ME-9204B  p. 21

Amusement Park Physics Kit

ME-9426A

» Extend your lab into the “real world”
» Complete kit for 15 students

» Developed in conjunction with AAPT*

They might lose their notes.

They might even lose their

nerve. But in one day at an

amusement park, students
will also gain a real “gut-leve
appreciation for Newton’s

Laws. Using this kit, students

don’t observe a dynamics cart.

They are the dynamics cart.

This is the only kit that is:

» Approved by the safety
officers of major amusement
parks across the USA.

» Student-tested in
amusement parks by
hundreds of schools.

» Teacher-tested in hundreds
of Amusement Park Physics
Workshops.

» Made with a metal coil
spring for the Vertical
Accelerometer (far more
accurate than the commonly
used rubber band).

I

Photo courtesy of Paramount’s
Great America.

Includes:

e Brass Hanging Weights (19)
e Springs* k = 3 N/m (16)
Plastic Tubing (2.5 m)
Plastic Tubes, 30 cm long (16)
Plastic Tube End Caps (32)
Bumper Stickers (16)
Horizontal Accelerometer
Cards (16)

e Push Pins (5)

e No. 3 Paper Clips (17)

e Cotton String

e Metal Balls (60)

e Straws (16)

e Wire Ties

e Vinyl Tape

e Rubber Bands #117 (32)

e Rubber Bands #19 (6)

e Plastic Storage Bags (16)

e Instruction Manual
*Additional accelerometer springs

may be purchased separately.
See order information below.

Vertical Accelerometer: The stretch
of the spring measures the vertical
acceleration in “g’s.”
Horizontal Accelerometer: The angle to which the
BBs rise measures the horizontal acceleration. This
accelerometer doubles as a sextant to measure
distances by triangulation.

Order Information

Amusement Park Physics Kit (15 Pack) ...........c.ccocoeurueune ME-9426A
Recommended:
Accelerometer Springs (16 Pack) ...........cccceeerererieerinnnens ME-8734

Scissors, pliers, masking tape, clear plastic tape

SOINVHI3IIN

800.772.8700 (inside US)

+1916.786.3800 (outside US)
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Hovercraft

Hovercraft
ME-9838

p Students experience Newton’s Laws
» Durable nylon skirt

» Rubber bumper

» Optional cordless air supply

Our Hovercraft follows the classic design,
with a rugged nylon skirt attached around
a 1.2 m wood platform. Students can
easily ride on the Hovercraft

to experience firsthand

the kinematics of

frictionless motion.

Air source
not included.

How It Works

The nylon skirt is

stretched around

the wood platform

and tightened

using a steel wire.

The center of the skirt

is attached to the bottom of the wood platform. A custom rubber bumper is placed around
the circumference of the wood platform. The bumper helps secure the skirt and also provides
a soft cushion around the edge of the Hovercraft. A high-volume air source is used to force
air through the platform and into the skirt. After sitting on the platform, the air source is turned
on and the skirt inflates. Small holes in the skirt allow the air to escape, while providing the
higher pressure needed to lift the rider. A built-in level helps students center their weight on
the Hovercraft.

A Cordless Air Source (SE-8806) is orderable separately (below). In addition, most leaf
blowers provide enough air flow to support the Hovercraft.

The PASCO Hovercraft is capable of supporting up to 300 Ibs and comes completely
assembled.

Double- Custom Rubber
Reinforced Bumper
Nylon Skirt is stretched

securely around the
circumference of the
wood platform.

stretched around
the wood platform
and tightened
using a steel wire
prevents failure
under high pres-

sure loads.
Air Holes
allow air to escape,
providing high pressure
to lift the student.
Includes:

e Wood platform (1.2 m diameter, 1.9 cm thick)
* Nylon skirt with mounting hardware

* Rubber bumper

e Liquid level

e Connection hose for air source

Order Information

Hover Puck

SE-73358B

» Hovers on a cushion of air

) Ideal for inertia activities

The Hover Puck glides on a self-generated
cushion of air across any smooth surface,
including low-pile carpet. The rubber
bumper provides protection for the puck
and other objects during collisions. Each
puck includes four “AA” batteries.

Specifications:
Diameter: 18.5 cm
Height: 6.0 cm

(Appearance may vary)

Includes:
e Hover Puck
e Four “AA” Batteries

Order Information

Hover Puck.................... SE-7335B
Recommended:

PASPORT

Motion Sensor .............. PS-2103A p. 28

Motion Sensor Il

Wireless Motion
SENSON...vcveveeieieiereienns PS-3219

Cl-6742A .20

p. 51

Cordless Air Source
SE-8806

Includes:
e Rechargeable Battery
e Charging Adapter

HOVEICraft.......cocviceicicnc e ME-9838

Recommended: Order Information

Cordless Air SOUTCE. ........ceveveeeeereieeierrerererennes SE-8806 Cordless Air Source................. SE-8806
124 more information at pasco.com



Significant Figures/Discover Pi

Significant Figures Set Discover Pi Set (10 pack) [=
ME-9850 ME-6819A 2L
T
» Connects measurements to Significant Figures » Students discover the meaning of Pi >
» Includes materials for one student group b Pi circles stack together for easy storage Z
()
wn

» Detailed activity manual

The series of activities included in the Significant Figures Set emphasize the connection
between measurements and significant figures. Students work through a number of situations
in which they experience the concepts of accuracy and precision. Through these activities,
students learn the importance of the measuring tool and its role in the uncertainty of
measurements. For each activity, student groups are asked to place their measurements
and/or calculations along a demonstration number line. The groups can then share their
results with the entire class during discussions and presentations.

The Number Line and
Data Pointers are
laminated for use with
dry erase markers. The student reads the circumference directly from the
fransparent tape wrapped around the pi circle.

The Discover Pi Set allows students to
derive the meaning of pi directly from their
measurements. This activity transforms pi
from a constant with unknown origin to a
fundamental characteristic of all circular
objects.

The Ball Drop activity gives students
experience with accuracy and precision.

The Four-Scale Meter Stick is an important part of
the Significant Figures Kit as it includes four scales
of varying precision.

Perform These Experiments: ;hgqs;j/gﬂeo 0; the circumference vs. diameter graph
» Ball Drop: Students toss small balls on a bulls-eye to discover the relationship between
technigue and measurements. In addition, the concepts of accuracy and precision are

explored.

» “Forced Error” Measurements: Students use a meter stick that has inaccurate markings
to take measurements to reinforce that precise measurements are not always accurate.

» Mass/Length Measurements: Students use a balance or Four-Scale Meter Stick with
imprecise scales to limit the certainty in their measurements.

» Area/Volume/Density Calculations: Students use a variety of measuring devices to
calculate the area, volume, and density of various objects.

Includes: Order Information

Discover Pi Set (10 pack)....... ME-6819A

Includes:

e Each pack includes 4 Pi Circles:
5.2, 6.4, 8.9, 10.0 cm diameter

® Transparent Measuring Tape

e Yellow Nylon Ball

e Paper Bullseye (2)

e Carbon Paper (100 Sheets)
e Four Scale Meter Stick

e Number Line

e Data Pointer

e Meter Stick Label

e Balance Label

Order Information

Significant Figures Set ME-9850
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Gravity & Freefall

Discover Freefall System
ME-9889

) Determine g

» Investigate air resistance dependence on
mass, volume, cross-sectional area

%)
=
=
<
T
&)
[WH]
=

PASCO’s Discover Freefall System can be used to drop almost any
small object by attaching a small steel washer with a small adhesive
pad (both are included in the system). Using an electric switch, timing
is started automatically, just as the object is dropped. And the Time-
of-Flight Pad stops timing when the object strikes it.

Students can investigate the effect of air resistance on acceleration. When the switch is pressed, the ball is dropped
In addition, students can drop objects of the same size but different and the time of fall is measured for various
mass to study how object mass affects terminal velocity during balls. The graph shows height vs time-squared
freefall. The drop box has a magnetic mount for attaching to metal data for the 1 inch steel ball and the large
frames in ceilings. hollow plastic ball. The slope of the line (equal

to 1/2 g) gives an acceleration for the steel ball
Custom C of 9.79 m/s2. Note that the acceleration of the
Wlltjf? t?u rﬁlmﬁiﬁ lamp large hollow ball is considerably smaller and
and magnets to fasten that its data is not linear.
Drop Box to ceiling

Test
Button
Charging ———
Light
Shown in use with rods and clamps sold on pages 186-189. The Drop Box also has
built-in magnets to fasten directly to the ceiling.
chggfrelzse;gt;ﬁ;gl(nel.&op Any small quect can be
Set includes six field and adjusts current dropped with the Discover
different balls ——8 to null field and releases Freefall System by
ball in less than 1 ms. attaching a washer to the
object with an adhesive
pad (both included).
This system can also accept the Target Accessory,
ME-6854, to perform the shoot-the-target
demonstration. See page 131.
The Discover Freefall

System also works with
the 850, PASPORT, or

any ScienceWorkshop
Interface. Shown here
using a Digital Adapter.

InCIUdes' e Release labels for attaching
e Drop box washers to object (50) Discover Freefall System............coceveevneieneieeennn. ME-9889
* Control cable « Small nylon ball Required:
e Control box e Large plastic ball SMAME TIMET ... ME-8930 p.116
e AC adapter e Golf ball 0F 850/550 INTEITACE........cvieeieiriciricieeee s p.14-17
e Time-of-Flight receptor pad « Hollow golf ball Recommended:
e Timer Switch e 1” steel ball Freefall Balls ACCESSONY .......cueureriireeereiririrecieanns ME-9890 p.193
* Release washers (10) . 5/8" steel ball RodsiandiClamps.......cc, p.186-189
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Gravity & Freefall

Free Fall Apparatus

SF-7274

» Drop ball from rest and time the fall

» Explore effect of air drag on two different
size balls with the same mass

» Precise and straight-forward device for
measuring free fall

SOINVHI3IIN

Spring-loaded
magnet

The acceleration of gravity g can be computed by measuring
the drop distance and the fall time. The apparatus consists of a
release mechanism that also acts as the start switch, a switch — Trigger
plate that acts as the stop switch, and conducting balls. The
release mechanism and the switch plate are both connected to
the Student Timer (not included).

The release mechanism has two contact plates that are shorted
when the conducting ball being measured is in place and

ready to drop. The steel ball is held in place by a spring-loaded
neodymium magnet. Pushing the trigger will cause the ball to
drop away from the contact plates, thus opening the counter
start circuit just as the fall begins. When the ball hits the switch
plate, the timer is stopped.

When the trigger is pushed, the ball is released and
the timer starts.

When the ball hits
the switch plate,
the timer stops.

Order Information Includes:

Free Fall Apparatus SF-7274 * Magnetic release
Required: mechanism with mirror
Student Timer SF-7275 p.118 e Switch plate

Small “A” Base ME-8976 p.186 e Four gold-plated steel balls
120 cm Stainless Steel RO ........cvrvecervveerrreces ME-8741  p.186 (diameters 12 mm and

2 Meter Patch Cord Set SE-9415A p. 228 16 mm) '
Replacement: e Ping pong ball with same
Replacement Free Fall Balls................cccooovvvveeennnn. SF-7280 mass as 12 mm steel ball

Freefall Adapter

ME-92078B

When the steel ball is dropped from the release mechanism,

the computer automatically starts timing. When the ball hits Includes:

the receptor pad, timing stops. Timer measurements of “g” are e Ball release mechanism
accurate and repeatable. with stereo phone plug

and receptor pad

e Four steel balls
(1.9 cm, 1.6 cm diameter)

Maximum distance

of fall is 2 m.

Freefall Adapter .........ccoeevveveeceescececeees ME-9207B

Required:

Large Table Clamp .........coovveiririrnreneecieeees ME-9472 p.189
Freefall Timer Adapter shown in use Multi-Clamp ... ME-9507 p.188
with the Smart Timer. The Smart 90 cm Stainless Steel Rod ..........ccocoveeeverrrircnneee ME-8738 p.186
Timer records the elapsed time from Photogate TImer .........c.coovvviiresrreecesenes ME-9215B  p. 118
when the ball is dropped until the ball Smart Timer. ... ME-8930 p.116
hits the receptor pad. 0OF 850/550 INTEITACE........eoveereererrereeseeeeeiseeseeseesee s p. 14-17
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Launchers

Launcher Spares Kit
ME-6802

Contains spare equipment for the PASCO
Projectile Launcher.

Includes:
e | oading Rod (10)
e 2-D Collision Accessory (2)

% Projectile Unique Sights
=1 Launcher Shoot-the-Target
<C ) ) The “gun” is aimed directly at the target. Although the target
p ME-6800 Add optionel “drops” the moment the projectie s fired, the ball st its
cu_3 » Accurate mart Gate 1o the target since the ball falls with the same acceleration.
» Durable measure launch
= velocity.
» High Repeatability
Two bore sights simplify
aiming the launcher.
Three
Repeatable 2.5¢cm
Launch Ranges Nylon
visible through — — Balls
viewing ports
Stable
Launcher
Loading —— Base
Rod offers
horizontal and
Plumb Bob variable angle
indicates launching
angle to 1/2° positions

The 2-D Collision Accessory (included with all PASCO launchers) allows the study of
Conservation of Momentum in two dimensions. Use the points of impact with the
floor of each of the two balls to determine relative velocities and angles.

Specifications:
Ranges: 1.2, 3,5 m
Launch Angles: 0 to +90°
Launcher Length: 21 cm

Features:

» Variable Launch Speed: For short range or longer range
experiments.

» Fixed Firing Height at Any Launch Angle: Firing height of
ball is same for any launch angle.

» Unique Piston Design: Minimizes projectile spin to ensure
repeatability of impact position.

Includes:

e Projectile Launcher
e | auncher Base

e Projectile Balls (2)
e | oading Rod

Order Information

e Safety Glasses
e 2-D Collision Accessory
e Manual

e Plastic Balls (10) Projectile Launcher ... ME-6800
e Sights (5) Shown in use with:
e Angle Indicator (1) Shoot-the-Target ........c.occvevcncnicicice ME-6853 p.131
e Plumb Bobs (12) Photogate Mounting Bracket..............ccccccccueunee. ME-6821A  p.133
e Thumbscrew to attach launcher to base (10) SMAM GALE crrreee s PS-2180 p. 26
Recommended:
Time-0f-Flight ACCESSOMY ... ME-6810A  p.133
Launcher Spares Kit..............ccooovvvveeessererveeennn ME-6802 Large C Clamp (6 Pack) .. ... SE-7285 p. 133
Plumb Bobs (10 PaCK).........ccevvererieieieirriricieinns SE-8728 p. 133
128 more information at pasco.com



Launchers

Mini Launcher

ME-6825B

» Ideal for tabletop projectile
experiments

) Fires at downward angles

Bracket features include:
» Magnetic ball storage

» New plunger storage

» Labeled shooting positions

» Low cost

New Molded
Loading Rod

Magnetic
Ball Storage

Three
Launch
Ranges

Storage for

Loading Rod
Protractor and Versatile Stand
Plumb Bob Provides several different
Measures from mounting configurations.
-45° to +90°.
Optional
Mounting
E— Rod

2 cm spread —pp-|

sideways 1.5mto

launch

Typical pattern for Mini Launcher —

Ball was launched 10 times off 1 m high table at 30°
angle. All 10 shots landed within 5 cm diameter circle.

Mini Launcher Spares Kit
ME-6824

Includes several spare parts for Mini Launcher.
Includes:

e | oading Rod (10)

e 2-D Collision Accessory (2)

e Steel Balls (10)

e Angle Indicator

e Plumb Bobs (12)

e Thumbscrew to attach launcher to base (10)

Order Information

Mini Launcher Spares Kit...........ccccoeveeerrincnen. ME-6824

2-D Collision

The 2-D Collision Accessory (included with all PASCO
launchers) allows the study of Conservation of
Momentum in two dimensions.

SOINVHI3IIN
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Shoot from tabletop
level!

Unique stand design allows ball
to be launched from tabletop
height. The ball lands on the
table at the same height from
which it was launched.

Magnetic Piston holds ball
in place for launching at
downward angles.

Specifications:

Negative
launch Range: 0.5, 1,2 m
Launch Angle: 0 to +90°
|
angle! and 0 to -45°
Launcher Length: 18 cm
Includes:

e | auncher Base

e | oading Rod

e 2-D Collision Accessory

e Steel Ball Projectile, 16 mm (2)

Order Information

e Safety Glasses
e Manual
e Mini Launcher

Mini LaunCher.......ccooviieieeceee e ME-6825B
Recommended:

Photogate Mounting Bracket..............cccovvvvveuneeee ME-6821A  p.133
SMArt GAe .....vveeceeece e PS-2180 p. 26
Time-of-Flight ACCESSOY .....vvvreeeriereireceercieins ME-6810A  p.133
Large C Clamp (6 Pack) ...... ...SE-7285 p.133
45 cm Stainless Steel Rod .. ME-8736 p. 186
Plumb Bobs (10 Pack)...... SE-8728 p. 133
Carbon Paper (100 Sheets) . ... SE-8693 p.133
30 Meter Measuring Tape ..........coceeverecurerinenenenas SE-8712A p.192

800.772.8700 (inside US)
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Launchers

w i i .
2l Projectile Launcher Smart Gate System Add optional
—)| ME-6798 Time-of-Flight
% ) Vary height ) Vary launch speed
&) p Vary angle » Measure accurately with Smart Gate
L
> With this combination, your students can study projectile motion
and measure the initial speed with one economical Smart Gate,
since it has two built-in photogate beams. The Mini Launcher and
Smart Gate make the setup simple: Just clamp the launcher to the ) )

. Daisy-chain
table and slide the Smart Gate on. All the components needed are Time-of-Flight
included, even the rod and clamp. to Smart Gate.

Launcher Stand
Smart Gate
connects directly
to a PASPORT
interface.

Projectile Launcher Wireless
Smart Gate System

ME-6796

Choose this wireless option to eliminate cables between the
computer and the projectile launcher. The Wireless Smart Gate
has all the features of the Smart Gate (PS-2180), but it connects
to your computing device via Bluetooth or USB; it does not
require an interface.

Smart
Gate
i (See page
Mlﬂ] . 26 for more
Projectile information)
Launcher
Stainless Aluminum
Steel Rod Clamp

Specifications:

Range: 0.5, 1,2 m

Launch Angle: 0 to +90° and
0 to -45°

Launcher Length: 18 cm

Includes:

e Smart Gate with Mounting
Bracket

e | auncher with
Mounting Stand

e Steel Balls (2)
with Loading Rod

e 2-D Collision Accessory Includes:
e Aluminum Table Clamp e Wireless Smart Gate with e 2-D Collision Accessory
¢ 45 cm Stainless Steel Rod Mounting Bracket e Aluminum Table Clamp

. e | auncher with Mounting Stand e 45 cm Stainless Steel Rod
Order Information o Steel Balls (2) with Loading Rod
Projectile Launcher Smart Gate System............... ME-6798 .
Shown in use with: Order Information

Time-of-Flight ACCESSOMY ........vvvvereireriieriines ME-6810A  p. 131 Projectile Launcher Wireless

Required: Smart Gate SYSteM..........oo.verrvverererireeerireenenes ME-6796
PASPORT Interface

130 more information at pasco.com



Launcher Accessories

Shoot-the-Target

ME-6853

» Demonstrate independence of x- and y-motion
» For use with all launchers

SOINVHI3IIN

The PASCO Shoot-the-Target Accessory, in
combination with a projectile launcher, demonstrates
that acceleration is constant for all objects in freefall,
regardless of initial velocity. A target is initially
suspended near the ceiling, and a projectile launcher
is aimed directly at it. As soon as the projectile is shot
from the launcher, the target is released. The projectile
hits the target as it falls, proving that both objects
accelerate downward at the same rate.

Before it falls, the target is attached to the drop box
by a permanent magnet so it can hang indefinitely,
even when the drop box is not powered. A photogate
detects the projectile as it leaves the launcher and
triggers the drop box. The drop box releases the
target by driving a current through a coil that cancels
the field of the permanent magnet.

The “gun” is aimed directly at the target.
Although the target “drops” the moment the
projectile is fired, the ball still hits the target

since the ball falls with the same acceleration.

Includes:

e Drop Box & Control Box

e Control Cable

e Target ME-6852

e Photogate Head & Bracket

e AC Adapter (9 VDC, 500 mA)

Order Information

Shoot-the-Target ..........cccoevveveeevecicce e ME-6853
Recommended:
Projectile LauNCher..........cocovienienienieiee ME-6800 p.128
Mini LAUNCREN ..o ME-6825B  p.129
Carbon Paper Time-of-Flight Accessory
(100 Sheets) ME-6810A
SE-8693 ) For use with all PASCO launchers
Carbon paper is ideal for marking Includes:
the position of an object as it * Time-of-Flight Accessory
strikes the floor or other surface. * Instruction Manual
e Experiment Guide
Order Information Order Information
Carbon Paper (100 Sheets) SE-8693 Time-0f-Flight ACCESSOY ......cveveviriiriiesieieeeeeee e ME-6810A
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Launcher Accessories

Drop Shoot Accessory
ME-9859

» Simultaneously drops one ball and launches
a second ball horizontally
» Prove the independence of x- and y-motion

» Mounts on PASCO projectile launchers
(short- and long-range)

The Drop-Shoot Accessory is an easy-to-use tool that
helps students better understand the independence
between the horizontal and vertical motion of a projectile.
Connect the accessory to either the short or long range
projectile launchers, hang one ball from the magnet and
fire away. The fired ball strikes the hanging ball, causing
one ball to shoot horizontally at the same instant the
other ball falls straight down. Both balls hit the ground at
the same time, regardless of the fired projectile’s muzzle
velocity, provided the Projectile Launcher is level. This
device also provides an interesting demonstration of
Conservation of Momentum in collisions.

When the (included) hollow steel ball is used, the two
balls are both fired horizontally at two different speeds.
A Photogate and Time-of-Flight Accessory can also be
used to directly measure time of flight.

Includes:

e Drop-Shoot Bracket

e 2.5 cm Steel Balls (2)

e 2.5 cm Hollow Steel Ball
* Mounting Hardware

e | oading Rod

When the solid ball hits the hanging solid ball, the hanging ball shoots out horizontally, while the ball
shot out of the launcher drops straight down.

Either the solid steel ball
or hollow steel ball is
hung by a magnet.

Order Information

Drop Shoot Accessory ME-9859
Required:
Projectile Launcher ME-6800 p.128

Ball Ramp
SE-7596

» Use for Projectile Motion
» Use for 2-D Collisions

This apparatus consists of a
curved track with a base at one
end. On the base is a support to
hold a ball at the proper height for
a center-to-center collision with

a second ball rolling down the
track. The track is level so collision
occurs only in the horizontal plane,
simplifying calculations.

Includes:

e 25 cm one-piece track

e 3 balls (12 mm diameter):
2 steel, 1 glass

e Plumb bob

Order Information

Ball RAMP ... SE-7596

Drop-Shoot Demo
SE-7592

» Demonstrates the independence of horizontal and vertical
components of projectile motion

Releasing the spring causes one ball to drop directly down while the
other is projected horizontally. Listen and you'll hear that both hit the
floor at the same time! The Drop-Shoot Demo is 25 cm long.

Includes:

e Metal base with
spring launcher

e Rod (10 cm long)

e Steel balls (2)

Order Information

Drop-Shoot Demo SE-7592

132
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Launcher Accessories

Time-of-Flight Accessory

ME-6810A
) For use with all PASCO launchers

The Time-of-

Flight Accessory

is designed
primarily for freefall
or projectile
experiments. When
an object hits the
plate, a signal is
sent to the interface.

Note: When used with the Projectile
Launcher, a photogate is used to start
the timer and the 20’ extension cable is
recommended.

Time °
t=139s Time of Flight Pad
~a_
i
Includes:

e Time-of-Flight Accessory
e |nstruction Manual
e Experiment Guide

Order Information

Time-of-Flight
ACCESSONY ... ME-6810A

Photogate Mounting
Bracket
ME-6821A

Mount one or two photogates on any
Projectile Launcher. Compatible with
Photogate Heads below.

Order Information

Photogate

Mounting Bracket

Photogate Head .............. p. 27
Accessory Photogate ......ME-9204B  p. 21
Smart Gate ..................... PS-2180 p. 26
Wireless Smart Gate........ PS-3225  p.52

Small Steel Balls
(10 pack)

ME-9872

These 1.6 cm
diameter steel
balls are used with
the Mini Launcher !
(ME—6825). for crglger:rrlsl.mder

Order Information

Small Steel Balls

/\WARNING

CHOKING HAZARD
Contains small balls. Not

(10 PACK) ..o ME-9872
Steel Balls (4 pack)
ME-9864 /I\WARNING
CHOKING HAZARD

Contains small balls. Not
for children under
3 years.

Purchase this 4 pack of 2.5 cm diameter
balls for use with PASCO Short or
Long-Range Projectile Launchers
(ME-6800 or ME-6801).

Order Information

Steel Balls (4 pack)................ ME-9864
Plastic Balls (10 Pack)
ME-6822

/\WARNING
CHOKING HAZARD

Contains small balls. Not
for children under
3 years.

Extra brightly colored balls are available
for the Projectile Launcher. Diameter is
25cm(1in.).

Order Information

Plastic Balls (10 Pack)............ ME-6822

Spherical Mass Set

ME-8968

/N\WARNING
CHOKING HAZARD
Contains small balls. Not

for children under
3 years.

This set includes four balls with a diameter
of 2.5 cm each, but features various masses,
including a hollow steel ball, solid steel ball,
plastic ball and aluminum ball.

Order Information

Spherical Mass Set................ ME-8968

Launcher Sights

ME-9865

Purchase this 5 pack of aiming sights as a
replacement for the Short-Range or Long-
Range Projectile Launchers.

Order Information

Launcher Sights..........ccccoeviennee ME-9865

Launcher Plumb Bobs
(30 pack)
ME-9868A

This kit includes

12 brass plumb
bobs and 12
washers to

replace lost or
broken parts from
any of PASCO’s
projectile launchers.

Order Information

Launcher Plumb Bobs
(12-pack).....ccccvereerererrererrnne. ME-9868A

Large C Clamp
(6 Pack)
SE-7285

These rugged clamps are perfect
for attaching a variety of objects
to a table. Size 10 cm (4 inch).

Order Information

Large C Clamp (6 Pack) ............. SE-7285
Plumb Bobs (10 Pack)
SE-8728

Order Information

Plumb Bobs (10 Pack)................ SE-8728
Carbon Paper (100 Sheets)
SE-8693

Carbon paper is
ideal for marking the
position of an object
as it strikes the floor
or other surface.

Order Information

Carbon Paper (100 Sheets)......... SE-8693

SOINVHI3IIN
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Ballistics

Ballistic Pendulum
ME-6830

» Extremely accurate: +2.5%
of predicted values
» Both elastic and inelastic experiments
» Projectile launcher experiments
» Now includes ME-6800 bracket!

This classic physics experiment
combines the laws of Conservation

of Momentum and Conservation of
Energy to determine the muzzle velocity
of the projectile. Only simple mass and
distance measurements are required to
make this determination.

How It Works

A projectile is fired into a pendulum,
causing it to rise.

Using the projectile mass, the pendulum
mass, and the rise in pendulum height,
students can calculate the gravitational
potential energy of the system.

Since the potential energy is equal to
the pendulum’s kinetic energy at the
lowest point, students can calculate
the speed of the pendulum at impact.
Applying the Law of Conservation of
Momentum, the projectile’s speed is
easily calculated.

An additional mounting bracket is included to
perform the full range of projectile launcher
experiments.

Already own a
PASCO Projectile
Launcher?

The base and pendulum assembly can
be purchased separately.

See Ballistic Pendulum (No Launcher) in
the order block for more information.

Projectile Launcher
Durable with three repeatable
launch settings.

Features:

» Repeatable: The three velocity
settings on the Projectile Launcher
produce consistent velocities.

» Accurate: The 0-80° angle
measurement scale resolves to 0.5°,
leading to experimental results within
2.5% of predicted values.

» Removable Pendulum: Remove
the pendulum to determine its mass
and center of mass, let it swing freely
for rotational inertia calculations,
or mount it backwards for elastic
collision experiments.

» Ball and Pendulum Masses: This
set includes two, 50 g pendulum
masses, as well as two steel and two
plastic balls.

» Projectile Launcher: Mount the
Projectile Launcher on the other side
of the base to give students access
to its accessories.

» Unique Angle Measurement: The
PASCO Ballistic Pendulum pushes
a low friction, low mass pointer to
the highest point. It remains there,
permitting an accurate measurement.

Unique Angle Measurement Design
Easily measures pendulum angle to 0.5°.
Low friction gives repeatable results.

Removable Pendulum
Mass can be easily determined.

Reverse the pendulum for
elastic collisions.

N

Projectile
Catcher
Securely
captures
ball.

— Add Masses

Two 50 g masses (included) can be
added to change the pendulum mass
and rotational inertia.

Includes:
e Ballistic Pendulum (without launcher)
e Projectile Launcher
e Projectile Launcher Base
e 2.5 cm Plastic Balls (2)
e 2.5 cm Steel Balls (2)
* Masses (2)
e 2-D Collision Accessory
e Safety
Glasses (2)
e Operations and
Experiment
Manual

Order Information

Ballistic Pendulum........ ME-6830

Ballistic Pendulum
(without launcher)......... ME-6831
Recommended:

Spherical Mass Set....... ME-8968 p.133
Shoot-the-Target .......... ME-6853 p. 131
Time-of-Flight
ACCESSOrY.....cvevevreeenee. ME-6810A p. 131
Large C Clamp
(6 Pack) .....oovevrererennene SE-7285 p.133
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Ballistics

Ballistic Pendulum Accessory Mini Ballistic Pendulum Accessory =
ME-9892 ME-6829 (for use with the ME-6825B Mini Launcher on page 129) ()
I
» Both are accessories to the Rotary Motion Sensor Turn your PASCO Launcher into a >
» For elastic and inelastic experiments Ballistic Pendulum using the Rotary =
» Low cost Motion Sensor. Combine this accessory ()
with the Mini Launcher and a Rotary »
Both of these ballistic pendulum accessories use a Rotary Motion Motion Sensor to study ballistic
Sensor to measure the speed of the catcher assembly immediately pendulums, momentum and energy.

after the collision, as well as the maximum height to which the
pendulum swings. The Rotary Motion Sensor can also be used to
measure the rotational inertia of the pendulum for a detailed study of
the collision using conservation of angular momentum.

Rotary Motion

Sensor
\

Rigid
Pendulum
Foam
Catcher
Ballast Mass
Rotary Motion Sensor (required for use) allows measurement
of instantaneous velocity of catcher immediately after collision,
as well as total angle of rotation of the pendulum arm.
Both accessories include:
e Pendulum Arm with Catcher
¢ Ballast Mass
e Steel Ball
Order Information Order Information
Ballistic Pendulum AcCesSOry.............cccceuvuuiunnnne ME-9892 Mini Ballistic Pendulum Accessory ....................... ME-6829
Recommended: Recommended:
Projectile Launcher ME-6800 p.128 Mini LaunCher..........covuiieieeceeeseeeeeeene ME-6825B  p. 129
PASPORT Rotary Motion Sensor .............c.cccceuue.e. PS-2120A p. 28 PASPORT Rotary Motion Sensor ...............cccuveee. PS-2120A p.28
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Statics

Pulley Demonstration System
SE-8685

» Demonstrate the mechanical advantage of single
or combination pulleys

» Complete stand-alone pulley apparatus
» Simple setup

Features:

» Stable Base: Easily attach two
threaded 81 cm rods to the sturdy
base. An eye-hook and capstan are
included to demonstrate an entire
pulley system.

) Comprehensive: Contains
everything needed to effectively
display the usefulness of pulleys,
including slotted masses and mass
hangers.

» Several Pulley Types: Reveal the
benefits of single pulleys, tandem
pulleys, quadruple pulleys and even
the 4-step pulley. Combine several of
them for an efficient pulley system.

Set up a double pulley and a single pulley, each with a 200 g mass.
Simultaneously pull the string of each from the same vertical height
down to the base. Observe that the mass of the single pulley moves

twice as high as the double pulley with twice the force.

Includes:

e 20 cm x 81 cm base with
eye-hook and capstan

e Threaded 81 cm rods (2)

e Clamps (2)

e Horizontal rod

e Hook collars (8)

e 90° clamp

e Single pulleys (2)

e Triple-tandem pulleys (2)

e Quadruple pulleys (2)

e Four-step pulley

e Slotted masses (13)

e Mass hangers (6)

Order Information

Pulley Demonstration System ............ccccccoeevivvricennne SE-8685

Equal Arm Balance
ME-8949

Developed for
Workshop Physics®
activities

Activity-Based Learning

The Equal Arm Balance was specially
designed to simplify the study of torques.
This balance has a ball-bearing pivot.

oo}
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If the balance is at equilibrium,
then: R1Fy = RoFo

With 200 g and 400 g masses placed as shown
above, the balance remains in equilibrium.

Specifications:
Total length: 34 cm

Maximum weight exerted on
balance arm:: 1 kg or 10 N

Includes:
e Balance Arm with Ball-Bearing Pivot

Order Information
Equal Arm Balance........ ME-8949
Required:

Mass and
Hanger Set........cccccooe.e. ME-8979 p.197
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Statics

Super Pulley Force Table

ME-9447B

» High accuracy

» Easy, compact storage
» Inexpensive!

Adjustable height

The swivel feature of
the pulleys can virtually
eliminate parallax for
more precise angle
measurements.

N

Dual Ball Bearings
For ultra-low friction.

Compact, Easy Storage

/

Improved

leg storage

The screw-in legs snap
under the table for easy
storage.

Improved stacking

Stacked tables are
keyed together to
eliminate slipping. Now
you can store all your
Force Tables in one
convenient stack!

Built-in Scale
Measure angles
quickly and
accurately.

Stacking tab ke
recess in table-toj

String Tie

String Tie is captured to make setup of hanging
easy, but it freely floats over bulls-eye pattern to
show even small changes in equilibrium.

=
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Strings connect to center of
String Tie for accurate results.

\

Change the mass by
1/2 gram or an angle
by 1/2 degree and see
an immediate change in

—— Mass and Hanger the equilibrium.

(sold separately)

Includes:

e 25 cm diameter table with
detachable legs

e Adjustable Super Pulleys
with clamps (3)

e Spool of thread

Mass and Hanger Set is sold separately.

Super Pulley Force Table ME-9447B

Required:

Mass and Hanger Set
Additional Pulleys:
Super Pulley with Clamp

ME-8979 p. 197

ME-94488  p. 141

800.772.8700 (inside US)
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Statics

Tension Protractor
ME-6855

» Measure tension and angle with one device
» Large scale for viewing demonstrations

» Zero-adjust for torsion spring scale

» Built-in rod clamp

The Tension Protractor is a spring scale and a protractor
integrated into one device. Perfect for static equilibrium
experiments, the rotary dial indicates the tension in the
string and the angle is read where the string passes over
the degree scale on the outer ring. Since the Tension
Protractor is supported on a rod, it has an advantage over
other spring scales that tend to weigh down the string,
changing the angle.

The string is wrapped once around a small pulley that

is spring-loaded. The torsion spring scale is carefully
calibrated at the factory and can be zeroed by the user
using the thumb screw on the back. The red arrow that
indicates tension is color-coded to match the Newton scale.

Even if the mounting rod is not plumb, the Tension

Protractor’s degree scale can be adjusted to read 90 .
degrees vertically by rotating the outer ring until the string String
with a hanging mass aligns with 90 degrees.

Zeroing Ring

for Angle Scale N\ —_—Rod Clamp

mounts on either a
vertical or horizontal rod.

Zeroing
Thumb Screw
for Force Scale

Specifications:

Force Range: O Nto 10 N
Smallest Force Division: 0.1 N
Force Accuracy: +4% of Reading
Angle Range: -90° to +90°
Smallest Angle Division: 1°

The tension in the

left string is greater
than in the right string
because the angles
are different.

30° angle reading

Arrow indicates tension reading (5.0 N)

Diameter: 15 cm Includes:
e One Tension
Protractor A 50 gram mass hangs
vertically from the Tension

Order Information Z T gfﬁcmﬁ The ;egsmg ;;ads

: » .5 N as expected and the
;Zgi'%nm?;?for """""""""""""""""""""" HIEEE outer degree scale is dialed

’ to align the 90° mark with the
Large Table Clamp '''''''''''''''''''''''' ME-9472 p. 189 Stnng This Compensal‘es for
90 cm Stainless Steel Rod ............c.ccc...... ME-8738 p. 186 unlevel tables or bent rods.
MUlti-Clamp.......ccoeerrenrensererereeeeeeeens ME-9507 p. 188
Hooked Mass Set..........ccoeervvervcrcrerninnns SE-8759 p. 197
138 more information at pasco.com




Statics

Statics System
ME-9502

» Everything required for 15 experiments

» Comprehensive — from vector addition to
simple machines

» Easy Setup — magnetic mounting

The Statics System is a versatile lab system designed
for demonstrating the basic concepts of vector forces,
torques, center of mass, simple machines, and more.
When combined with the ME-9503 Statics Board (sold

separately), the Statics System doubles in width, making
it ideal for demonstrations.

Analyze forces on an
inclined plane.

Low-Friction Cart
Add Mass

AN

Degree
Scale

g

Friction Block

Use the balance beam to investigate torque.

Vary the force, lever arm, and angle.
Built-in scales make measurement easy.

Degree Scale

Bubble Level

Accurate

46 cm x 46 cm
Solid Steel Board
“Whiteboard” Surface

Spring Scale

=
m
o
T
>
=
o
7

Bubble Level

\

Magnetic Mounting

/

Force Table

All the accessories required,
including mass hangers,
masses and thread

Handle for easy
placement and
removal

/

Low-Friction
Ball Bearings —

—

Neodymium
Magnets

Non-Slip Backing

Easy Storage

Store magnetic components
on back of experiment board.

Includes:

e Experiment Board

e Components

e Mass Set

e Comprehensive Manual
with 16 Copy-Ready

Experiments

Statics System........cccoevvvveerrriiennes ME-9502
Additional Equipment:

Statics Board............ccveeirieinieininee ME-9503
Spring Scale ME-9824A
Statics Spares Package ..................... ME-9504

800.772.8700 (inside US) |
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Simple Machines

Essential Physics Forces and Machines
Teacher Resources
EP-6483

» A single teacher guide is all you need to outfit your class or lab.
» Complete with guided inquiry lab activities, suggested answers, and much more
» Requires the Simple Machines Engineering Kit

» Every lesson has accompanying teacher resources including PowerPoint slide sets
to help deliver the lesson content
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Questions are embedded throughout the activities. Other features include sequencing
and key-term challenges. Opportunities to predict outcomes prior to data collection and
post-lab multiple choice questions help to make a seamless connection between lectures
and labs. And the lab activities are correlated to state and national standards.

Order Information

Essential Physics Forces and Machines
Teacher RESOUICES ..........cvueeeureriricicieieisi s EP-6483

Simple Machines Engineering Kit
EP-3577

Our Simple Machines Engineering Kit engages students in a wide range of physics,
physical science, and engineering concepts. Two triple-pulley blocks make it easy
to build machines with mechanical advantage up to 6:1. Build all three classes of
levers with our pair of 20-cm levers, or combine gears, levers, and pulleys together
to show how rotating machines work. The Essential Physics Forces and Machines
Teacher Resources (available separately) include 11 lessons designed to be
delivered in conjunction with this kit.

Includes:

¢ 10 N Metal Spring Scales (2) e 20 cm Levers (2)

e Tripod Stands & Crossrail (2) e 60 Tooth Spur Gears (2)

e Universal Spring Hanger (2) e 40 Tooth Spur Gears (2)

¢ Right-angle Connector with Pulley (2) e 20 Tooth Spur Gears (3)

e Fixed Triple Pulley Block (1) e 20 cm-diam.

e Hanging Triple Pulley Block (1) Large Pulleys (2)

e Friction Block (1) e Weights (1)

e Quick-attach Gear Hubs (4) e String (1)

e Gear Spacers (12) ¢ Gratnells® Storage Tray (1)
Simple Machines Engineering Kit............c.coccooeeverinnee EP-3577

Tripod Stand Weight Set

EP-3572 EP-3563

Includes: Includes:

e 68.6 cm extruded aluminum vertical rail e 2 mass hangers

e Wide tripod base with aluminum legs e Fender washer masses

and rubber feet

e Includes 5 sliding 14-20 inserts,
already installed

Order Information Order Information

Tripod Stand .........ccccoveeviececeeece EP-3572 WeIght Set......cvoeveecccer e EP-3563
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Pulleys

Super Pulley
ME-9450A
» 20 N max load

» Nearly frictionless
» Durable

The PASCO Super Pulley is the standard

in physics labs. Its low-friction design
produces excellent results. The precision
spacing of the 10 spokes makes it ideal

for photogate monitoring with PASCO’s
computer interfaces and photogate systems.

Order Information

Super Pulley ........covevvreunene ME-9450A

Pulley
Mounting
Rod

SA-9242

This 14 cm long stainless
steel mounting rod is 9.5 mm
(8/8in.) in diameter and fits
most standard laboratory
clamps, including the PASCO
Universal Clamp. It has a
standard 1/4”-20 thread.

Order Information

Pulley Mounting Rod............... SA-9242

Smart Gate
Pulley System

PS-3702

The Super Pulley

attaches directly

to the Smart Gate,

providing a simple,
low-friction system

to measure position,
velocity and acceleration.
Additionally, with the pulley
removed, the photogate can
be used to perform standard
photogate experiments.

Includes:

e Smart Gate (1) PS-2180

e Super Pulley (1) ME-9450A

e 45 cm Stainless Steel Rod (1) ME-8736

Order Information

Smart Gate Pulley System...... PS-3702

Super Pulley
with Mounting
Rod

ME-9499

This Super Pulley is
mounted on a rigid plastic
mounting rod (12.7 mm
diameter, 14 cm long)
and fits most standard
laboratory clamps.

Order Information

Super Pulley With
Mounting Rod .........ccovvvvennne ME-9499

Super Pulley with Clamp

ME-9448B

Upgrade your force table and inclined plane
experiments. The Super Pulley with its
integral clamp makes setup and alignment
easy. The pulley height is fully adjustable,
S0 you can skim the top of a force table for
parallax-free readings. Yet you can keep
the force parallel to the track on an inclined
plane, as shown in the photo below. Fits
tables up to 2.0 cm (13/16 in.) thick.

Order Information

Super Pulley with Clamp........ ME-9448B

Mounting Rods (10 pack)

ME-9483

These rigid

plastic pulley
handles (14 cm
long, 1.27 mm
diameter) screw
into a Super Pulley.

Order Information

Mounting Rods (10 pack)....... ME-9483

Photogate
& Pulley
System

ME-6838A

The Super Pulley
attaches directly

to a Photogate
Head, providing a
simple, low-friction
system to measure
position, velocity
and acceleration.
Additionally, with
the pulley removed,
the photogate can
be used to perform
standard photogate
experiments.

Order Information

Photogate & Pulley System ... ME-6838A

Atwood’s Machine
SA-9241

Two Super Pulleys mounted on a 6.4 cm
long rod produce a classic, low-friction
introduction to Newton’s Second Law. The
instruction sheet fully describes both the
experiment and the theory.

Includes:
e 2 Pulleys
e 1 Connecting Rod

Order Information

Atwood’s Machine ................. SA-9241

SOINVHI3IIN
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Human Applications

Human Arm Model
PS-2611
» Working Model of the Human Arm

» Associate Triceps/Biceps Muscle Action Mg:lan(f:(ne%
with Arm Motion Use with rod

» Measure Torque Resulting from Lifting Weights or clamp
» Actually Throws a Ball directly to a
table with a

The Human Arm Model simulates the muscles and C-clamp.

motion of an actual human arm. To activate the arm
motion, students pull on the cord with a Force Sensor.
Changes in position are measured at the shoulder and
elbow using the two built-in potentiometers plugged into
one Angle Sensor (PS-2139), included with PS-2611. From
this information, the torque applied when lifting an object
can be determined. Also, students can evaluate the work
done by the arm in throwing a ball and the resulting kinetic
energy delivered to the ball.

The Arm can perform many types of motion such as
extending and lifting an object, curling, or throwing a ball
overhand. Different arm muscles are activated depending
on which pulleys are selected. Static force measurements
can also be made to see how the muscle tension changes
at various arm positions.

Tricep

Extension

As the tricep muscle is pulled with a Force Sensor,
another fixed Force Sensor records the tension in
the bicep muscle cord.

Curl

As the bicep muscle cord

is pulled a short distance,

the end of the arm moves
through a very large distance,
showing the mechanical
advantage of the arm. The load at
the end of the arm can be varied.

Free Throw

To perform this motion,
the tricep muscle cord
and an elastic cord
representing the bicep
muscle are pulled with a
Force Sensor. The motion
of the arm and release
speed of the ball are
measured with the built-in
potentiometers using the
Angle Sensor.

Angles and Forces During Extension

The upper graph shows the angles of the elbow (violet
trace) and the shoulder (blue) as the arm is extended
as shown in the picture above. Shown in the lower
graph, the bicep tension (red) has little change at first
and then rises sharply as the arm reaches out, while
the tricep tension (green) rises steadily.

Cord Locks
easily adjust position

Adjustable

Bicep Wrist

Multiple
Insertion
Points

Hand

Color Graphics

Elbow Angle Sensor
measures angle of forearm

fix position of arm

Adjustable Stops —I

Rod

houlder Angl
Shoulder Angle Sensor Clamp

measures angle of arm

Removable Mass
Measure work and torque
with and without mass

Includes:

e Arm

e Angle Sensor

e Removable Mass

e Cord & Cord Locks

* Mounting Bracket with Rod
e Force Sensor Mounting Rod
e Rubber Ball

Order Information

Human Arm Model.......... PS-2611

Required:

“C” Clamp or Large Table Clamp

PASPORT

Force Sensor ................. PS-2104  p.29
850 Universal

Interface.........cocovevuennene. Ul-5000 p.14

142
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Human Applications

Goniometer
PS-2137

» Accurately measures joint movements
» Flexible mounting options for hip, knee, and elbow

The SPARKIink Air Interface is used here with two Angle Sensors, part of the
PS-2137 Goniometer System. The data is sent via Bluetooth® to a desktop
computer and displayed live with the video being recorded by a web cam.

Angle (9

Left Side / Time (s)

-Angle (°)

Data shows position
of both left and right
knee and hip joints
during walking.

Right Side / Time (s)

Capture data remotely!

The SPARKlink Air Interface records the sensor data and

sends it to the computer via Bluetooth.

Goniometer
Probes

The probes are
fastened in place
using the blue
Velcro® straps and
can be positioned
to measure the
motion of the knee,
hip, or elbow.

Specifications:
Range: 0 to 340°

Accuracy: +1° (calibrated),
+3° (uncalibrated)
Resolution: 0.1°

Includes:

e Goniometer Probe
¢ Angle Sensor

e \elcro Straps

Maximum Sample Rate: 500 Hz

Order Information

Goniometer Sensor ........ PS-2137
Recommended:

SPARKIIinK Air................. PS-2011
Additional
Goniometer Straps......... PS-2547
Additional

Goniometer Probe.......... PS-2138

p. 48

p.39

Forces on the
Human Body

» Measure forces on human body
» 1-axis and 2-axis force platforms
» Precise and fast

Explore the forces exerted on the
human body in everyday situations,
sports, and large-scale physics
experiments. The force platforms
are designed to measure large
forces, such as the weight of a
person.

SOINVHI3WN

Fual

Friction
-

TNormaI

By standing on a 2-Axis Force
Platform while pushing against the
wall with a 1-Axis Force Platform,
a real-life statics problem can

be analyzed.

Confirm Newton’s Third Law by pushing on a
Force Platform using two sets of handles (available
separately). Handles bolt onto the Force Platform
(1-axis or 2-axis) and can be mounted on one

or both sides.

Developed in cooperation with Nancy Beverly, Assistant Professor
of Physics at Mercy College, Dobbs Ferry, New York.

Order Information

PASPORT 2-Axis

Force Platform............... PS-2142 p.30
PASPORT

Force Platform............... PS-2141 p. 30
Handle Set,

Force Platform............... PS-2548  p.30

800.772.8700 (inside US) |

+1916.786.3800 (outside US)
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Structures Systems

Build any structure you can imagine and add load cells
wherever you want

With the PASCO Structures System, students can build and analyze trusses, bridges, roller
coasters, cranes, booms, and human models. These versatile kits enable students to design their
own structures, test them, and iterate their design. Far more advanced than toothpick models and
much more hands-on than computer simulations, PASCO Structure Sets are ideal for developing
structures with real-world designs.
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Numerical displays of load
1 4 3 N 7 6 N cell forces are generated in
. . PASCO Capstone software.

Diagonal Left Diagonal Right See pages 68-71

Load Cell & Amplifier Set
See page 145

|
10.7x 152

Right

To test the compression or tension in any given beam,
replace that beam with an equal length combination of
two shorter beams connected by a load cell (an example
Large Slotted for replacing a #4 beam is shown below).
Mass Set
See page 197

A variety of structures sets are available and are detailed in the following pages:

Truss Set sce page 146 Bridge Set see page 147 Materials Tester see page 158
Cast Beams Set
See page 152
Advanced Set see pages 148-149 Large Structures Set Human Structures Set sce page 155
See pages

150-151 x

144 more information at pasco.com



Structures Systems

Choice of Wired Load Cells and Amplifiers

Load Cell 100 N
Load Cell 5N

PS-2200
PS-2201

Load cells are available in two different ranges: + 100 N and + 5 N. These load cells are
designed to be inserted into structures without changing the length of the member. A load
cell attached to two shorter beams is equal in length to a longer beam.

These load cells require an amplifier (shown below). Load cells of different capacities can be

used with the same amplifier in any combination.

These load cells are constructed to reject side-loading, giving a reading of pure compression
or tension. The semi-transparent case lets students see the strain gauge and beam inside.

PS-2200 Specifications:
Range: +100 N

Accuracy: +1% (1 N)
Resolution: 0.02 N

Safe Overload: +150 N

PS-2201 Specifications:
Range: +5 N

Accuracy: +1% (+0.05 N)
Resolution: 0.001 N

Safe Overload: +7.5 N

Order Information

100 N Load Cell..................... PS-2200
5N Load Cell.........cccovuvrunnee. PS-2201

5 N Load Cell
PS-2201

21/4”

100 N Load Cell
PS-2200

Mix 5 N and 100 N load cells on the same amplifier.

PASPORT Dual Load
Cell Amplifier
PS-2205

The Dual Load Cell

Amplifier is for applications where only

one or two load cells are required, such

as measuring the force acting on the top

of a roller coaster loop. If you only want to
examine the forces in a bridge one at a time,
a single load cell can be moved around the
bridge. The Amplifier accepts 100 N and

5 N load cells. Each port has a maximum
data sample rate of 1000 Hz.

Order Information

PASPORT Dual Load Cell

PAV010]11 -] PS-2205
Required for use:

PASPORT Interface................. p.12
100 N Load Cell........couvvnnne PS-2200
5N Load Cell........cocceururenenee PS-2201

PASPORT Load Cell and Dual

Amplifier Set..........ccccveveririnne PS-2206
Set includes:

Dual Load Cell Amplifier (PS-2205)
Load Cell 100 N (PS-2200)

Requires PASPORT Interface (p. 12)

PASPORT Load Cell
Amplifier
PS-2198

This Load Cell

Amplifier can accommodate up to six load
cells and utilizes a single PASCO interface
port to connect to a computer’s USB

port. Students can insert up to six load
cells at various points of their structures

to extensively analyze their bridges. The
Amplifier is compatible with both 5 and 100
N Load Cells, and features a maximum data
sampling rate of 500 Hz per port.

Order Information

PASPORT Load Cell

AMPIIfier. ..o PS-2198
Required for use:

PASPORT Interface................. p.12
100 N Load Cell.........ccccuveneee PS-2200
5N Load Cell........ccoovueurunennee PS-2201

Also available at a discount:

Load Cell and Amplifier Set.... PS-2199

Set includes:

Load Cell Amplifier (PS-2198)

Load Cell 100 N (PS-2200)
Requires PASPORT Interface (p. 12)

Wireless Load Cell and
Accelerometer
PS-3216

) Measures loads in structures

) Built-in 3-axis accelerometer measures
bridge vibrations

» No wires to interfere with motion

The Wireless Load Cell and Accelerometer
is designed to measure loads in all PASCO
Structures Systems. It is particularly useful
for measuring vibrations because it includes
an accelerometer and has no wires to
impede movement.

Specifications:
Load Cell

Range: +50 N

Resolution: 0.03 N

Accuracy: 0.1 N

Maximum Sample Rate: 2 kHz
Acceleration

Range: +16 g (three axis)

Maximum Sample Rate: 500 Hz
Measurements: Force; Acceleration
(8 axes and resultant)
Logging: Yes
Battery: Rechargeable Lithium-Polymer
Connectivity: Direct USB or via
Bluetooth 4.0

Order Information

Wireless Load Cell

and Accelerometer................. PS-3216
Shown in use with:

Building Better Bridges Kit

(includes PS-3216)................ ME-3581

SOINVHI3IIN

800.772.8700 (inside US) |

+1916.786.3800 (outside US)

145



%)
=
=
<
T
&)
[WH]
=

Structures Systems

Truss Set
ME-6990

) Teach the basics of trusses

» Demonstrate the properties of
I-Beams

Plastic 1-Beams

Plastic Connectors

Steel Thumb Screws

Use the Truss Set

to build a variety of

structures to investigate

the principles of trusses.

The ABS plastic I-Beams fasten
securely together using the

provided connectors and thumb
screws. Load cells can be inserted
anywhere into the design by replacing
one beam at a time. Students can load the
truss by hanging weights.

Measure the compression
and tension in the I-Beam

members by adding
optional Load Cells.

Construction is easy: 1-Beams fit into the connectors and are secured

with thumb screws. Thumb screws are also slotted so a screwdriver can be used.

Through Truss
with Verticals

I-Beams key into the load cell and
are fastened with thumb screws.

Deck Truss Bridge

Includes:

« [-Beam #5 24 cm long (8)

« [-Beam #4 17 cm long (18)

« [-Beam #3 11.5 cm long (18)
« [-Beam #2 8 cm long (8)

« [-Beam #1 5.5 cm long (8)

e Connectors (14)

e Screws (75)

e Instruction Manual

Students can construct a roof
truss to study how the roof is
supported in buildings.

Kingpost Roof Truss

Order Information

TrUSS ST ..o ME-6990
Recommended:
Load Cell and Amplifier Set.........ccccevvevevcerennne PS-2199 p. 31

146
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Structures Systems

Bridge Set
ME-6991

» Larger quantity of I-Beams and connectors
» Study the principles of
bridge construction
» Road bed and car add
realism to bridges
» Add Load Cells to see
dynamic loading as car
traverses bridge

Flexible Road Bed

for studying dynamic loading as the
allow tensioning of cord (cables) for ¢

using Load Cells, the tension and compression of each element can be displayed in real time.

Add Load Cells to measure forces
anywhere in the structure. A positive
value represents

compression.

Design your own roller coaster!

Add Load Cells to
measure the forces
needed to support the
track as the car goes up
and over the loop.

Includes:
o [-Beam #5 (16) 24 cm long (16) o Starter bracket
« [-Beam #4 (36) 17 cm long (36) e Cord tensioning clips (32)
« [-Beam #3 (36) 11.5 cm long (36) e Yellow cord (1 roll)
(

e |nstruction manual

« [-Beam #2 (16) 8 cm long (16)
[-Beam #1 (16) 5.5 cm long (16)
Connectors (28)

e Screws (150)

e Flexible road bed (3 m)

e Track coupler

e Road bed clips (24)

e Car with flag and mass

Contains the materials needed to build larger trusses and bridges, as well as a flexible Road Bed and Car

Cross-bracing

/

Verticals to
support road
bed

SOINVHI3IIN

Car with Mass

car traverses the bridge. Even build roller coasters! Special cord locks
ross-bracing. A flexible plastic road bed clips to the cross-beams and,

Howe

Pratt

Warren

Students can build several types of fundamental
bridges including Howe, Pratt, and Warren bridges.

Deck Truss
80 cm long

Waddell
“A” Truss
1 mlong

The Waddell “A” Truss uses a cord
(cable) for the center vertical member.

Order Information

Bridge Set......ccooveveceeeceee e ME-6991
Recommended:
Load Cell and Amplifier Set...........cccvevveverrerennee. PS-2199 p. 31

800.772.8700 (inside US) |
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Structures Systems

Advanced Structures Set
ME-6992B

» Build larger bridges
) Build cranes, catapults, cars _?r?]rgselgﬁgge

The Advanced Structures Set includes 1.4 m long
additional components for building
a wider variety of structures.
Build larger trusses, bridges,
and even a working catapult!
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Angle connector allows the
1-Beam members to be joined at

angles other than 45° and 90°

Add Load Cells to measure forces
anywhere in the structure.

Catapult \
60 cm long Angle Connector
Throws a projectile over 10 meters! Additional connectors allow

greater flexibility in design.

Full Round Straight
Falling Connector Connector
Mass
Wheels allow catapult to move.
Angle Crane
Arch Truss Bridge 1.5 m tall
1.5 m long

Also see the Tower Crane on page 151.

148 more information at pasco.com



Structures Systems

Human Leg Model

The articulated leg, shown below, uses a rubber band (not included)
for the quadriceps and has a load cell on the foot to measure the
force that the “toe” exerts on the ball. The impulse (area under the

curve) is equal to the resulting
3 hrea momentum of the ball.
¥ 04903

S
Em

] ¥

3.80 3.85
Tirmeds)
Kicking Ball ___ Rubber
Band

See page 155

for more

Human

Structures. Load Cell

Flexible I-Beams

Mass Set

Suspension Bridge
2.2 mlong

Includes:

e Force Platform Bracket (2)
[-Beam #5 24 cm long (24)
[-Beam #4 17 cm long (54)
[-Beam #3 11.5 cm long (54)
[-Beam #2 8 cm long (24)
[-Beam #1 5.5 cm long (24)

Flex I-Beam #5 24 cm long (10)
Flex I-Beam #4 17 cm long (18)
Flex 1-Beam #3 11.5 cm long (18)
e Flat Beams (3 lengths) (16)

e Axles (3 lengths) (2)

e Connectors (42)

e Cord Tensioning Clips (32)

e Round and Flat Connectors (6)

e PAStrack Fasteners (6)

e Angle and Straight Connectors (24)
e Sliding Connector (12)

e Pulleys, O-rings, Spacers (12)

e Collets (24)

¢ Drive Wheel with Rubber Tire (4)
e Structures Rod Clamps (2)

e Screws (300)

e Yellow Cord (1 roll)

e Instruction Manual

Rubber Band Car

Build a working catapult, a car with rubber band
suspension, and a rubber band-powered car.
The “rubber band” car, shown here,

uses the ME-8986 Rubber Cord

(sold separately) and travels

over 50 ft. in 10 seconds.

For more examples using the

Advanced Structures Set
go to pasco.com/structures

Use these flexible I-Beams to make a
bridge which dramatically demonstrates
how a bridge fails and yet the beams will
return to their original shape when the
load is removed.

Flat Members /

For cross-bracing

Flexible I-Beams
Dramatically demonstrate
structural failure.

Order Information

Advanced Structures Set...........ccoocveriiiricnnn. ME-6992B
Shown in use with:

Load Cell and Amplifier Set...........ccccvvveuerrerennee. PS-2199
(includes four load cells)

100 N Load Cell......c.covveieeiiiirieirieiricineicines PS-2200
Large Slotted Mass Set..........cccouericiricinicinnnes ME-7566
Rubber Cord for IDS System (30m Spool)............ ME-8986

SOINVHI3IIN

800.772.8700 (inside US) |
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Large Structures Set
ME-7003

The Large Structures Set includes all the components

contained in the ME-6992B Advanced Structures

Set plus additional parts to build even bigger Flex I-Beam
structureg. It also inoluQes the Mini Cars 46 I-Beam

with plastic track to build roller coasters,

and to add realistic roadbeds

to your bridges.
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Suspension
Bridge
3 m long

Double
Tied Arch
Bridge
2.8 mlong

Add load cells to measure

forces anywhere in the
structure.
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Drawbridge =
3.2 mlong wn
Student uses the Hydraulic/Pneumatic
System to raise and lower the drawbridge.
Build this crane and 15 other
HUGE structures with this
one comprehensive set!
Add load cells to
measure forces
anywhere in the
structure.
Tower Crane
1.2 m tall
Student uses
the Hydraulic/
Pneumatic
System to
adjust the
crane.
Includes:
« I-Beam #6 35 cm long (24) e Yellow car and green car, e Flexible road bed (9.1 m)
« [-Beam #5 24 cm long (24) each with flag e Road bed clips (24)
« [-Beam #4 17 cm long (54) e Force Platform Bracket (2) e Starter bracket
« I-Beam #3 11.5 cm long (54) ¢ Round and Flat Connectors (6) e Track coupler (2)
« [-Beam #2 8 cm long (24) e Angle and Straight Connectors (24) e Instruction Manual
« [-Beam #1 5.5 cm long (24) e Drive Wheel with Rubber Tire (4) Order Information
e Flex I-Beam #5 24 cm long (10) e Pulleys, O-rings, Spacers (12)
* Flex I-Beam #4 17 cm long (18)  * Structures Rod Clamps (2) Large SHrUCtUrES Set..........vvvvsvsivssivsvsins ME-7003
e Flex I-Beam #3 11.5 cm long (18) e Sliding Connector (12) Shown in use with:
* Flat Beams (3 lengths) (16) * PAStrack Fasteners (6) e Sell and f})’;‘g'ggl’l’sfﬂ --------------------------------- FOTE
* Axles (3 lengths) (2) * Collets (24) Structures Hydraulic System ME-6984
e Connectors (70) e Screws (450) L ot o Lo !
e Cord Tensioning Clips (32) e Yellow Cord (1 roll) HIRE N B Y s T

800.772.8700 (inside US) | +1916.786.3800 (outside US) 151
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Structures Cast Beam Set
ME-7009

Make your own cast beams that look like pre-stressed
concrete beams. Test them and you'll find they
perform like them, too. These beams are cast with

a mixture of sand and plaster of Paris (not included).
The rebar is made of the same plastic used for the
|-beams. Students can explore how the strength of
the beam is affected by the amount of tension put on
the rebar, the mixture of sand and plaster of Paris, or
using one or two rebar.

Displacement : —

Sensor Both this tension fixture and
the test fixture can be built
concurrently with this set.

Cast Beam

Test
Fixture

Displacement
of beam is

The graph of hanging mass
versus displacement shows

the relative strengths of three
beams: one cast beam made
with no pre-load; one cast
beam made with 60 N of
pre-load; and one normal
plastic I-beam. Notice that

the traces for the cast beams
show discontinuities when the
beams cracked. Also notice that
the pre-loaded cast beam is
stronger than the plastic I-beam
until the cast beam cracks.

measured
as load is
increased.

Tension
Fixture =

The beam rebar is kept under tension

Rebar

Cast Beam

Mold

Step 1: The rebar with connecting
ends snaps into the plastic mold Pour a
mixture of sand and plaster of Paris into
the mold.

Step 2: After it dries, it is easy to
remove the flexible plastic mold
from the cast beam.

Includes:

o [-Beam #5 24 cm long (8)

« [-Beam #4 17 cm long (18)

o [-Beam #3 11.5 cm long (18)

« [-Beam #2 8 cm long (8)

« [-Beam #1 5.5 cm long (8)

e Axles (3 lengths) (2)

e Connectors (14)

e Cord Tensioning Clips (32)

e Round and Flat Connectors (6)

e PAStrack Fasteners (6)

¢ Angle and Straight
Connectors (24)

e Collets (24)

e Screws (150)

e Pulley, O-rings,
Spacers (12)

Order Information

e Sliding Connector (12)

e Reusable Plastic Molds (10)

e Rebar (30)

e Yellow Cord (1 roll)

e |nstruction Manual

* Required but not included:
Sand and Plaster of Paris

Structures Cast Beam Set..........ccoceverrviririrninnns ME-7009
Also shown:

PASPORT Displacement Sensor............ccccccevene.. PS-2204
Large Slotted Mass Set...........ccccovveveevrriiircrennns ME-7566

Not shown, but required:
Interface and PASCO Capstone Software, see pages 68-71.

while the beam is drying.

The cast beam shown here is tested to
destruction under compression using the
Materials Testing Machine on pages 158-159.

PASCO Capstone graph shows
that strength of Plaster of Paris
increases with cure time.

Cast Beam Spares Set

ME-6983

Consumable replacement parts for Cast Beams.

These can also be used with the Advanced Structures Set.

Includes:
e Reusable Plastic Molds (10)
e Rebar with Connectors (30)

Order Information

Cast Beam Spares Set ME-6983

152

more information at pasco.com



Structures Systems

Measure support forces with a Force Platform

PASPORT Force Platform

PS-2141

Measure the support forces of a crane by connecting

it to a Force Platform (PS-2141) using the special Force
Platform Structures Bracket (ME-6988). The Force Platform
is supported by four individual load cells which combine

to measure the total vertical force on the platform. These
four readings can also be viewed separately to measure the
unequal forces on the crane supports.

Force
Platform

Structures
Bracket
(ME-6988)

/

Force Platform (PS-2141)

SOINVHI3IIN

Tower Crane
1.2 m tall

Crane is built using the
Large Structures Set

(ME-7003), shown on
pages 150-151.

Order Information

PASPORT Force Platform...........cccocovevvieiviccccciine PS-2141
Force Platform Structure Bracket.............cccovcuevrrennee. ME-6988A

Measure passive damping with a
Motion Sensor

This building frame is built with an Advanced Structures Set using the
Flat Members. A pendulum with drag caused by strings is suspended
from the top of the building. The Motion Sensor is positioned to
record the oscillation of the building.

The gray graph shows the oscillation
without the pendulum. The red graph
shows the damping caused when the
pendulum is allowed to oscillate.

Order Information

Equipment shown:

Advanced Structures Set*..........ccooovvriivceinnns ME-6992B
PASPORT Motion SENnsor...........coceveveveeirirnreenns PS-2103A
Large Slotted Mass Set............ccverrieniiiniienns ME-7566

*Patents pending

The Displacement Sensor measures
the travel of a spring-loaded indicator
as a bridge is loaded with weight. The

the included Digital Indicator, which

can be used as a standalone device.
To record your data, simply plug the

Measure bridge deflection with
a Displacement Sensor

PASPORT Displacement

Sensor
PS-2204

included PASPORT Sensor plugs into

includes its own digital LED readout and

PASPORT sensor into an interface.

Specifications:
Maximum Travel: 10 mm
Maximum Sample Rate: 5 Hz

Resolution:
0.013 mm

(0.0005 in)

Order Information

PASPORT Displacement Sensor................ccccuve... PS-2204
Shown in use with:

Hooked Mass Set..........ccovvvveveeeiceeeeiiiceerenne SE-8759
Small “A” BaSe ......cccoeevevevevrvirerenenes .ME-8976

Stainless Steel Rod, 60 cm Threaded................... ME-8977
Required:
PASPORT INterface.........cccoeeeerineririsicicieceins p.12

800.772.8700 (inside US)

+1916.786.3800 (outside US) 153
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Shaking Tower
ME-7018

» Explore the resonance modes
» Measure accelerations with wireless sensors
» Demonstrate passive damping

Built from PASCO Structures beams, this tower is made to oscillate
in its various resonance modes by a driver attached by a rubber
band to the first floor of the tower. Wireless Load Cells with
Accelerometers are attached to each floor to record how much
shaking each floor experiences.

This FFT, generated in PASCO Capstone software, shows the frequency responses of
the top Wireless Load Cell/Accelerometer.

See the Shaking Tower
Experiment (EX-5555)

on page 349.

The gray graph in PASCO Capstone
software shows the oscillation without
the pendulum. The red graph shows
the damping caused when the
pendulum is allowed to oscillate.

In modern buildings, passive damping mechanisms are installed to
damp out oscillations during earthquakes. The damping pendulum
in this tower quickly stops oscillations.

The tower is shaken by the Mechanical Wave Driver, which is powered by an
850 Universal Interface or Function Generator.

Includes: e Full Round Connectors (5)

e #1 I-Beams (10) e Floors (5)
e #2 I-Beams (8) e Mass, 20 gram (2)
e #3 I-Beams (24) e Mass, 50 gram (2)

e #4 1-Beams (1)

e Nylon Spacers (2)

e Connectors (20)

e (F4) Flat Beam (20)

e Flat Round Connector (4)

(Large Slotted Mass Set, shown in photo above, not included.)

Order Information

e Medium Shaft, Structures
e 2 sets Screws (150)

e Sliding Connector

e Tire, Structures

e \Wheel, Structures

Shaking TOWET .........cceeiirieieccceeeeeee e ME-7018
Required:

Large Slotted Mass Set...........ccccvvvevccrerrirecne. ME-7566
Mechanical Wave Driver.............ccccoevcueuerrerennee. SF-9324
2 Meter Patch Cord Set... SE-9415A

Large Rod Base ..........ccoeveveueneneen

Stainless Steel Rod, 25 cm Threaded....
Wireless Load Cell and Accelerometer ..
850 Universal Interface.....................
PASCO Capstone Software..........cccccoeeurererircnnnnns pp. 68-71

154
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Human Structures Set
ME-7001

» Build models that represent real life examples.
» Construct all three models concurrently with this set.
» Bring homework problems to life!

Human Arm Model

Students build a realistic arm model and directly
measure the forces exerted by the biceps
muscle (tension in supporting cord).

Vary the length and angle

of upper and lower arm,

as well as the point

of attachment of

the muscle.

Support Structure allows the angle of
the upper arm to be easily adjusted

SOINVHI3IIN

Load cell represents
the biceps muscle

~~

Hand

Axle allows arm

to pivot freel
Construct all three P y

models concurrently

Human Back Model

Model the forces acting on a
human back. Vary all parameters
including position of back muscle
attachment and angle of the
torso. Directly measure the

force exerted by the back

muscles.
Lumbar Torso
Muscles
Load cells directly
measure forces exerted
on back model.
\ 4
Wp
Includes:

e Truss Set Screws (5-pack)
e Truss Set Members (2-pack)
e Connector Spares (2-pack)
e #6 I-Beam Spares (1 pkg.)
e Cord Lock Spares (1 pkg.)

e Axle Spares (1 pkg.)

e Roll of rubber cord

/ Arm

e Round Connector Spares (1 pkg.)
e Angle Connector Spares (1 pkg.)

with this set.

Human Leg Model

The leg model shown below uses a load cell for the quadriceps
muscle to directly measure the force needed to support the leg
at various angles.

Load cell represents
quadriceps muscles.

Directly measure the force
needed to support the leg at
various angles.

Order Information

Human Structures Set.........ccccoovvveiicinnne. ME-7001
Shown in use with:

Load Cell and Amplifier Set.........ccccovvverrrecnee. PS-2199
(includes four load cells)

Hooked Mass Set..........ccocvieiniciniciniciniciies SE-8759
Large Slotted Mass Set...........cccovvvevcrcrerrirecnen ME-7566

800.772.8700 (inside US) |
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Structures Hydraulic System
ME-6984

Add a hydraulic/pneumatic ram to make your structures move and do
work. Not only will students see the cranes and jacks in action, they
can directly measure the pressure and volume to calculate how much
work was done.

Rotary Motion
Sensor

45 cm Stainless
Steel Rod

Absolute
__ Pressure
Sensor

The weight is lifted using a syringe of water to fill the master cylinder.
An Absolute Pressure Sensor measures the pressure and a Rotary
Motion Sensor records the movement of the piston.
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Lifting Mass

Pressure and volume are recorded as the weight is lifted, and the work
done is the area under the curve.

Includes:

e Master Cylinder

e Pressure Sensor “T”

e Check Valves and Tubing

e Syringes (10, 20, 60 ml)

e Drive Belt for Rotary Motion Sensor
(not shown)

Order Information

Structures Hydraulic System ME-6984

Advanced Structures Set...........cocoeevviiiceinnnn ME-6992B  p 148
45 cm Stainless Steel Rod .............cccoevvvvviivennns ME-8736 p. 186
PASPORT Absolute Pressure Sensor .. ...PS-2107 p 32
PASPORT Rotary Motion Sensor ............cccccue... PS-2120A p. 28

Building Better Bridges Kit

ME-3581

» A complete STEM kit to teach bridge-building
» Compatible with PASCO Structures System

Now is the perfect time for your students to learn about bridge-
building and how bridges really w