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Preface

This book containd8 student experiments in Physics. For your convenience we have added an index in
which the experiments are sorted according to sensor (see Bagenese experiments are written for use
with MiLAB Desktop and Fourier Sensors. MiLAB Desktop cdovisdoadedfrom einsteinworld.com

einstein™LabMate

TheS A v & [laBMatéincludes the following:
6 built-in sensors:

Heart Rate

Temperature

Humidity

Pressure

uv

Light

+4 ports for external sensors

=2 =4 =4 -4 -4 -4

External sensors can be connected by inserting the sensor icablene of theS A y & [laBMay&sensor
ports.

[ 2yySOGAY3 LabK&e SAyaidSAyn

1. Press the Power button on thep of the device to turn it on

2. WhentheS A y a i S A y+pdwers up lit wibdisplay either a green, bloiered and green flashing
light

1 A blue flashing light indicates that tieA y & G S A Y im ¢nlardd @diréd Svith a computer

A green flashing light indicates that t&eA vy & G S A yig ¢nlbut mot paid with a computer

f  Ared and green flashing light indicated tBeA vy & (i S A y i& |pwon batteriy 8nd should be plugged
into the USB charging cable

Note:TheS A y & (i S A yoai diso lzelcdinricted to the computer via a USB cable.

Pairing the einstein™LabMate with your Windows 7 computer's

Bluetooth adaptor:

Make surethat a Bluetooth adaptor is installed on your computer. If you are not sure how to do this,

please consultite Microsoft Support web pageShen, pairthee y 8 0 SAyu[ F 6al & (2 @&2dz2NJ O2Y
Here's how:

Open Devices and Printers by clicking $tartbutton (Q), and then, on the Start menu, clickiipvices

and Printers.

ClickAdd a device, and then follow the instructions.

I £t A0l GKS SAyail Sdadddd wudcarmpiit&, thier@ctick Mekty (
YouSAyaidSAyu[loal S aK2dzZ R I LIJISFNI Ay GKS tAad 2F I O At
four digits directly after. These digits will match the last 3 or four digits of the serial number of your
eAyaliSAyun[loaliSs £20F0SR 2y GKS o101 2F &2d2NJ RS@PAO0S®
add, make sure the device is turned on. If you just turned on the device, it may take Windows several

seconds to detect it.

Note: If you are using a Wirmvs version other than Windows 7, please consult the Microsoft Support
pages on how to pair a Bluetooth device to your computer.
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Pairing the einstein™LabMate with your Mac via Bluetooth
1. Make sure that your computer has Bluetooth
Make sure that your compar has Bluetooth buitn or that a compatible Bluetootadaptoris
connected. Open System Preferences (fromAipplemenu, choose&ystem Preferences), then
chooseBlugooth from the Viewmenu.
2. Turn on Bluetooth
In Bluetooth preferences, select the "Octieckbox (for earlier Mac OSrersions, click the Settings
GFroxX GKSy OfAO0O1 .ftdzSi220K t246SNY hyood al S adaNB
3. Setup anew device
I £tA01 a{Si ! LI bS¢ NXSebhlodIkick thelDyvices tabBludtddtN,Jthan-clizk h {

a2 |

b{Sd !L) bSs 5806A08h0® ,2dNJ SAyaiSAyn[ltoal iS &K2d#g R |

name "LabMate" with 3 or four digits directly after. These digits will match the last 3 or four digits of

the serial number of yourley & (i S A ¥ u [ led enlthé BakEk of yaubdevick.you don't see the
SAyadSayu[ltoaliS @2dz gl yd G2 | RRI Yscledh adNBE GKS
instructions to finishse G A y3 dzLJ @2 dz2NJ SAyaidSAayn[l oal G§So

MILAB Desktop setup

When using thés A y & [iaBriatéselect the MiLAB Desktop i€( g ) on the application desktop.

LT @2dz N’ Ay | NR2Y gladveBs, rRalekc@dibu arepBreddeithlyg SAy a i S
S A y & liaBMagé xThe serial number appearing in the lower rightofthe Mi. 58a1 2L aONBSy

YIGOK GKFdG 2y GKS dz/aBMandEevieeS 2F &2dz2NJ SAyauSAaynxu

Working with Graphs in MiLAB Desktop

The experiments in this book require the use of the MiLAB Desktop program to analyze the results.

Understanding Graphs
In generd, graphs inMiLAB Desktoplisplaythe data from one or more sensors along tr&horizontal)
axis vs. time along the (vertica) axis

It is also possible to display data from one sensor along-#rds. To change what is displayed altimgx-
axis, click on the arrokey (wr) below thex-axis. Choose any data set from the drop down menu.

By default, graphs in MiLAB Desktop auto scale, which means you can see the entire graph displayed.
Graph Toolbar:

“« QW o+ v * e B~ =

To zoom in on one part of theaph, use the Zoom tool% ) from the graph toolbar at the bottom of the
graph window. Drag the cursor over the region of the graph you want to expand. Click the Zoom tool again
to disable the zoom feature. Click on tAetoscaletool (<}+) to return to theoriginal auto scale graph. You

can also move the graph using the Pan to)(

| 9]

RS @)



Analyzing a Graph

PyltelTAy3d GKS AyF2N¥IGA2y O2yidtAySR Ay | 3ANILIK A& 2yS
functions.

To analyze a graph:

1 Run an Experiment

T NoRSNJ (2 dza$§ Yz2ad 2F aA[!. 5S8Sai1id2LIQa Fylfeaira Fdzy Ol A
graphg this is known as a cursor. Many functions require two cursors. Use the cursor tools to display
first one ™ and then two’" cursors.

‘ Note: If youare using more than one sensor, both points will appear on the same plot line.

Working with Cursors

You can display up to two cursors on the graph simultaneously.

Use one cursor to display individual data recording vatude select a curve.
Use two cursors tanalyze the data in the graph.

To display the first cursor:
In the graph window, click oany point on a plot line. MiLAB Desktajil now display the coordinate
values.

Graph EI@

¥ Light-6000(1x)

A
J

x=216s y=334 07

« Q¥ wwjve BeB &

To display the second cursor:
Once the first cursor is pladgeclick the secondursor tool(#, ) on the graph toolbar.
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Graph EI @
@ v Light-6000(1x)

‘--.-.________

A\
A

x=2 165 y=334 07lx J \ N A\

« q ¥ +[w[Nme BoB &

When there ardwo data points selected; the differences between thandy values of the twgoints will
appearabovethe second poinbn the graph.
1 dxrefers to thedifferencebetween thex valuesof the 2 poirts.

1 dyrefers to thedifferencebetween they valuesof the 2 points.

Moving a cursar
1 Clickand hold a cursor then drag it left and right along a single plot line.

9 Drag the cursor up and down to move the cursor from one plot line to another on a giraglb.

To remove a cursor:
9 Click on the second and then the first cursor tool on the graph toolbar.

The cursors will disappear from the plot line

Working with Functions
Once you have selected a cursor, many powerful analysis tools are available.
Select he Analysis toolbar to access the list of tools available to you.

Basic Tools Work Space Analysis
x'ﬁfn{-'rﬂ.h/:':]

Select one of the analysis tools to apply it to your data.

Some of the analysis tools will draw a new plot line on the graph, displaying the results.

TheMath Functiongool ( f,, -) will allow you to perform mathematical operations on your data.
Select this tool to open the Math Function window and choose the mathematical operation from the
dropdown Function menu.

You can choose your data set from the dropdown m&iu

An equation represeting the mathematical operation will appear in bold in thkath Functionwindow.
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5 Math Function

Function: [Abscluhe

* | Name: abs(Light-5000)

Unit: Ix

A * abs(B * G1)

G1: |Run 1: Light-6000 -

G2: |Run 1: Light-6000

Reset online funcﬁons] [ Cancel ] [ Ok

Some functionssuch asSubtract require you to compare 2 plot lines. To compare two plot lines:
1 Use theGlandG2dropdown menus to select the plot lines you would likecompare.

1 SelectOk

1 A new plot line will appear on the graph, displaying the results.

Sealing

Many of the experiments in this book, especially those involving pressure measurerentependent
on the flasks or tst tubes being tightly seale&ollowing is a guide to ensure thttese experiments run

smoothly.

Note: To ensure a tight seal you may need to use a material such as modeling clay to seal any opelﬁings.

Note:, 2dz Yl & 41 yi
these types of experiments.

i2 O2yaARSNI LIzZNOKLI &aAy 3

u K

S A

Once you have sealed the flask or test tube, you can tesselaé
1. SelecIRun(‘J) to begin recording data.
2. (If your setup icludes threeway valves) Turn the threway valves to enable free air flow from the

surrounding air (Position Asee Figurdl). The readings should now indicate the atmospheric

pressure.

To pressure sensor

Open air

To tube

Figure 1: Threavay valveg Position A

3. (If your setup includethree-way valves) Turn the threeay valves to seal the system from the

surrounding air (Position 8see Figure)
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To pressure sensor

{7
Open air /

To tube
Figure 2: Threavay valveg Position B

4. Press the stoppers. The pressure should rise a little and then remain constant (seeSfigure

1300
1250

1200

1150

1100

1050 —

Pressure (mbar)

1000

930+

Ellltis I [ ! | ! | ! 1 ! | L [ L [ L 1 ! 1

a5 100 105 110 115 120 125 130 135
Time(s)

Figure 3

5. If the pressure drops (see Figutgthere is a leak. Check your seals carefully and use a material such
la Y2RSftAy3 Oftre G2 asSrt 2FF lyeée LRRaarofsS 2LSyAy3Iaod
stoppe.

1200
1180~
A160—
1140+
1120+

1100—

Pressure (mbar)

1080 —

1060 —

30 32 34 36 38 4n 42 44 45 48 50 52 54
Timer=)

Figure 4

6. After you are satisfied that the containers are seaksdect Stop (! J)

| 13]



Experimental Layout

Each experiment includes the following sections:

7.
8.
9.

10.
11.
12.
13.
14.

Introduction: A briefdescription of the concept anttheory

Equipment:The equipment needed for the experiment

Equipment Setu@rocedure lllustrated guide to assembling the experiment

Current Setup SummarfRecommendedensor rangesampling rate and duration of the experiment
Procedure Stepby-step guide to executing thexperiment

Data Analysis

Questions

Further Suggestions

Safety Precautions

Follow standard safety procedures for laboratoryigties in a science classroom.

Proper safety precautions must be taken to protect teachers and students durirexpgiegiments
described in this book.

It is not possible to include every safety precaution or warning!

Fourier assumes no responsibility or liability for use of the equipment, materials,

or descriptions in this book.
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| Motion Graph Matching |

Chapter 1

Motion Graph Matching

Distance
------ sensor

Figure 1

@ Introduction

In this experimentve will explore theuseof the Distance sensor tereateposition and velocity graphs.
You will walk back and forth in front of the Distance ser@ut observe graphs of your motion. You wyill
to produceagraphthat matchesthe graphpresented to you.

@ Equipment

S A y & liaBMage mnd a computewith MiLAB Desktop
Distance sensor

Distance adaptor

Masking tape

@ Equipment Setup Procedure

Launch MILAB Desktdj & ).

Connect the Distance senswith the Distance adaptall 2 2y S 2F (KS LiabMawa. 2y
In the Current Setup Summawyindow choose Full Setup and use the table below to set up the
experiment. Make sure that only the Distance sensor is selected under Measurements.

[a=tN
S
w
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| Motion Graph Matching |

Position versus Time Graph Matching:

e Current Setup Summary

Program the sensor to log data according to thkowing setup:

Sensor: Distance
Measurement: Distance(m)

Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

s
Procedure

1. Place the Distance sensor on a table so that it points toward an open space which is at least 4 m long
(see Figure 1).

2. Use short strips of masking tape on the floor to mark the 1 m, 2 m, 3 m, and 4 m positions from the
Distance sensor.

3. Produce a graph gfour motion when you walk away from the Distance sensor with constant velocity.

To do this, stand about 1 m from the Distance sensor and have your Lab rmteetrRun(‘J) to
begin recording data. Walk slowly away from the Distance senso
4. When you realk the 3 m markask your partner tcselectStop(:i 'E).

5. Save your data bselectingSave( bfrom the Basic Toolsvindow on the uppemenubar.

6. Repeat stps3to 5to match the following graph (Figure 2):

Distanceg(m)
Fa
h
|

Timer=)

Figure2: Position vs. Time graph
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