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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)(
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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)

| 12]
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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)
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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_J_;).

5. Save your data bselectingSave( Hb from 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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| Motion Graph Matching |

Velocity versus Time Graph Matching:

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Distance

Measurement: Velocity (Outgoing) (m/s)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

e
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 tiope$iom the
Distance sensor.

3. Produce a graph of your 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 psaasteeuRun(‘J) to
begin recording data. Wallowly away from the Distance semso
4. When you reach the 3 m mar&sk your partner tmelectStop(:_;Q_l).

5. Save your data bgelectingSave( H‘) from the Basic Toolsvindow on the uppemenubar.
6. Repeat stps3to 5to match the following graph (FiguB):

Velocity(m/s)

Time(s)

Figure 3Velocityvs. Time graph
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| Motion Graph Matching |

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Describe how you walked to produce each of the graphs.

2. Explain the significance of the slope of a position vs. time graph. Includewssiion of positive and
negative slope.

3.  What type of motion is occurring when the slope of a position vs. time graph is zero?

4. What type of motion is occurring when the slope of a position vs. time graph is constant?

5.  What type of motion is occurring whehe slope of a position vs. time graph is changing? Test your
answer to this question using the Distance sensor.

6. Describe how you walked in order to match the graph in Figure

7. What type of motion is occurring when the slope of a velocity vs. time gsapéro?

8. What type of motion is occurring when the slope of a velocity vs. time graph is not zero?
Test your answer using the Distance sensor.
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| Position and Velocity Measurements |

Chapter 2

Position and Velocity Measurements

= N Distance
Sensor

Figure 1

Motion is best described by a position vs. time graph. From this graph one can derive velocity.
Velocity,v, is defined as the rate of change of the position of an objébe average velocity[ can be
calculated as:

3w
T — 1
M > (1)
Where:
nx = The displacement
nt = The time elapsed

In this experiment we will use the Distance sensor to monitor the motion of a ball.

@ Equipment

1 S Ay a liaBMate mnd a computer with MiLAB Desktop
7 Distance sensor

1 Distance adaptor

1 Basketball or other round ball
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| Position and Velocity Measurements |

@ Equipment Setup Procedure

Launch MILAB Desktdj & ).

Connect the Distance senswoith the Distance adaptall 2 2y S 2F (KS LizbMae 2y (KS
In the Current Setup Summary window choose Full Setup and useltleebelow to set up the
experiment. Make sure that only the Distance sensor is selected under Measurements.

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Distance
Measurements: Distanceg(m)

Rate: 25 samples per second
Samples: 1000 samples
Duration: 40 seconds

6 Procedure

o g M w N

Place the Distance sensor on the floor or a smooth, flat surface where you can roll a basketball for
several meters (see Figure 1).
Place the ball on the floor hadf meter from the Distance sensor.

SelectRun(»J) to begin recording data.
Roll the ball across the floor, away from the Distance sensor, by giving it a gentle push.
When the ball reaches the end of the track or a distance of 10 m, s&iep( J)

Save your data by selectiiggave( H‘) from the Basic Toolsvindow on the upper menu bar.

@ Data Analysis

For more informatn on working with graphs se®@/orking with Graphs irMiLAB Desktop

Look at the graph in MiLAB Desktop and answer the follogirgstions:

1.
2.

Does the slope of the graph change over time?

UseEquation(2) to calculate theaverage velocityf the balloverthree different time intervals.
How does the speed change during those intervals?

Place a cursor on the plot line.

You can us#liLAB Destop to calculate the slope at any point along the graph.

at the current cursor position. For a position vs. time graph this slope representsstaataneous
velocity at this point.

Move the cursor along the graph aMiLAB Desktopvill display the slopeirfstantaneousselocity) at
each point as you move along.

Compare these values to the velocities you calculated usgquation(3).
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| Velocity |

Chapter 3

Velocity

Figure 1

@ Intfroduction

In this activity we will explore theonceptof averagevelocityusing Photogate sensorEhePhotogate
sensorconsists of two arms and a crossbeam. An infrared light source on one arm sends a narrow light
beam to a light sensor on the other arm of tRéotogate sensoMIiLAB Desktopises its electronic clock to
record the time when the light beam is blocked or unblocked. By using two Photogate sensors we can
measure the time,D¢, it takes acart to move from one gate to another. We will ugd_AB Desktop

analysis tools to calculate the average velotiBccording to:

T = 1)

Where:
nx  =The displacement
nt  =The time elapsed

@ Equipment

S Ay a laBMateand a computer with MiLAB Desktop
1 Photogatesensor(2)

1 DynamicTrack

1 DynamicCart

1 Rod clamp with stand

91 Bracket for Photogate sens(®)
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| Velocity |

1 Flag

@ Equipment Setup Procedure

Assemble the equipment as shown in Figure 1.

azdzyi GKS (g2 tK2:G23+0G8 aSyazNr [f2y3 GKS
Photogate sensors when passing through them.

Recordthe distance between the two Photogate sensors

Mark a launching point on the track, just above the upper Photogate sensor.

AyOt AySs

Note: It is important to launch the cart from the same point at every attempt.

LaunchMiLAB Desktog & ).

Connecthe Photogatesensorgo two portson the einstS A yahMate.
In the Current Setup Summarwindow choosé-ull Setupand use the table below to set up the
experiment. Make sure that only the Photogate sensors are selected Wedasurements

0 Current Setup Summary

Program the sensors to log dagacording to the following setup:

Sensor: Photogate
Measurements: Photogate

Rate: 100 samples per second
Samples: 10000

Duration: 1 minute 40 seconds

Note: Make surethat only the Photogate is selected and not the Smart Pu(legke sure botiPhotogate

sensors are selected)

6 Procedure

N

Place the cart at the launching point on the Dynaifriack
SelectRun(‘J) to begin recording data and release the cart.

Pick the cart up off the track and return it to the launching point.
Repeat the meagement 24 more times.

SelectStop( Jb bar to stop recording data.

Now move the upper Photogate sensor so that the distance between gates is 50 cm and repeat steps

and>.
Repeat this procedure for distances of: 40 cm, 30 cm, 20 cm, 10 cm and 5 ¢

Save your data by selectiigave( Hb from the Basic Toolsvindow on the upper menu bar.

| 22|
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0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. SelectPhotogate( 1) from the Analysismenuon the uppertoolbarto open theTiming wizard

window.

.
i Timing Wizard: Step 1 of 2 - Measurement @Iéj

What do you want to messure?

) Time

@ Velodity

() Acceleration

2. SelectVelocityand clickNext

5
2 Timing Wizard : Step 2 of 2 - Method [
() Atone gate
@ Between gates
() Calission (two gates)
Distance cm
Cancel ] [ < Back ] [ Finish ]

3. SelectBetween gates

Enter the distance betweethe two Photogate sensors in cm

SelectFinishand theTiming Wizardwill display a list of the average velocities for thé 8uns of the

cart on the track.

Repeat the analysis for each of the trials.

Describe the pattern of thgraph

What is the average velocity of the céot each triaP

Does the average velocity change as the distance over whicmi¢éasured¥c) changes? If so, when

is the velocity greatest?

10. What would happen if you repeated the experiment but insteadvethe position of the lower gate?
What would be the same and what would be different?

© o No
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Chapter 4

Motion on an Inclined Plane

Distance
sensor

Figure 1

@ Introduction

When a body is placed @n inclined plane it will movéown the slopewith constant acceleration. If
the body rebounds back upe planewhen it reaches the bottom and the plamefriction free the
acceleration of the body up the plane will be equal to the acceleration down.

In this experiment we place a cart on an inclined plane and explore the properties of the motion.

@ Equipment

T SAyaiSAayu[loaldS FyR I O02YLJziSNJ gAGK aA[!. 5S8Sa1dz2L]
9 Distance sensor

1 Distance adaptor

1 Cart

1 Squarepiece of cardboard0 x 10 crr{flag)

1 Inclined plangas friction free as possible)

1 Laboratory standavith clamp ORbooks to vary height of inclined plane

@ Equipment Setup Procedure

Launch MILAB Desktdj & ).

/| 2yySOG GKS 5Aaid0lyO0S aSyaz2N gAdK GKS 5Aa0FyO0S | RILI?
Assemble the equipment as shownFigure 1

Place the Distance sensor at the upper end of the inclinedeplan

AN P
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Place a stopper at the bottom of the plane

Thestartingdistance between the cart and tHaistance sensahould beat least50cm.

In the Current Setup Summaryvindow choose~ull Setupand use the table below to set up the
experiment. Make sure that only the Distance sensor is selected udasurements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Distance
Measuremens: Distance (m)

Rate: 10 samples per second
Samples: 100

Duration: 10 seconds

6 Procedure

© © N

Setthe height ofthe inclined plane at5 cm. Record the height iyour data table

Hold the cart at the top of the inclined plane

SelectRun( J) to begin recording data.

Release the cart wheyou hear the clicking of the sensor

Whenthe cart reaches the bottom of the inclined plarsglectStop( J) The cart may jump several

times before the end of the measuremeas it bounces away from the stopper.

Repeatsteps3to 5 two more times Record all data in the data table.

Change the height of the incline to 16mand repeatsteps3to 5. Record all data in the data table.
Change the height of the incline t@0cmand repeatsteps3to 5. Record all dta in the data table.

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemmenubar.

Data Table

Height of Inclined Acceleration (m/9 Average Acceleration
Plane (cm) (m/s?)

Trial 1 Trial 2 Trial 3
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Figure 2

@ Data Analysis

For more informathn on working with graphs se@/orking with Graphs in MiLAB Desktop

© o N o gprDN

10.

Usetwo cursors( /4, ) to mark the downward slope of the graplithe cart bouncd up one or more
times, choose the first (and biggest) downward slope on the graph.

SelectMath functions( f,, -) from theAnalysiswindow on the upper menu bar.

In theMath function window which opens, choodeerivativefrom the Functiondrop down menu.

In theG1ldrop down menu select thBistance data.
The line which is drawn on the graph represents the velocity of the cart.

Usetwo cursors( ) to select two well separated pdis on the derived velocity line.

SelectCurve fit( .7 ) from theAnalysiswindow on the upper menu bar.

In the Curve fitwindow which opens, choodanearfrom the Curve fitdrop down menu.

The graph of the linear fit will appear on the velocity graph and the fit equation wiligptayed

below the xaxis The value of the slope dfis gaph is the acceleratiorRecord the acceleration in the
data table

Repeat this analysis for each height of the inclined plane.

What is the relationship between the height of the incline and acceleration?

o Further Suggestions

1.

You may want to check th#te graph of the distance is parabolic:
a. Usetwo cursors( /4, ) to select only ongump.

b. SelectCurve fit( . -) from the Analysiswindow on the upper menu bar.

c. In theCurve fitwindow which opens, choodeolynomialfrom the Curve fitdrop down menu.
and 2 from the Orderdrop down menu The fit equation will be displayed in the information bar
at the bottom of the graph window.

If there is significant friction between the cart and the plane, the cart will move up and down the plane
with different acceleratins. Measure the angle of inclination of the plane (ségure 1) and the
acceleration when the cart is moving downwards in order to calculate the friction coefficient between
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| Motion on an Inclined Plane |

the cart and the plane:
WET ®
AT O
3. Start the motion of the art at different points on the plane and in different directions and try to predict
the shapes of the distance and velocity graphs.

4. Place the sensor at the upper end of the inclined plane and try to predict in advance the form of the
graphs of distance aneelocity.
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Chapter 5

Gravity

Figure 1

In this activity we will explore the motion of objects falling due to graWite. will use twdPhotogate

Sensors.

A Photogate sensor has an infrared light source on one of its two arms which sends a narrow light beam to
a light sensor on its second ariirhe data logger uses its electronic clock to record the time when the light
beam is blocked or Wocked.By using the two Photogate sensors we can measure the velocity of a falling
body at each gate and the time it takes the body to move from one gate to the qtthers enabling the

data logger to calculate the acceleration due to gravity.

@ Equipment

1 S Ay a LiaBMage mnd a computer with MiLAB Desktop
1 Photogatesensor(2)

1 Various small balls

M Stand

1 Right angle clamp (2)

9 Calper orruler

91 Balance for weighing the balls
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@ Equipment Setup Procedure

w

No ok

LaunchMiLAB Desktog & ).

Assemblehe equipment as shown in Figure 1.

Mount the two Photogate sensors one above the other, about 20 cm apart, so that a ball can fall freely
through the arms of the Photogate sensors.

Measure the balls' diameters and record the data in your notebook.

Weigh he balls and record the data in your notebook.

[ 2yySOiG GKS (g2 tK2G23FGS aSyadaMae (12 G2 2F (GKS
In the Current Setup Summarwindow chooseé~ull Setupand use the table below to set up the

experiment. Make sure that only thehBtogate sensors are selected unddeasurements

@ Current Setup Summary

Program the sensors to log data according to the following setup:

Sensor: Photogate
Measurements: Photogate

Rate: 100 samples per second
Samples: 5000

Duration: 50 seconds

Note: Make surethat only the Photogate is selected and not the Smart Puliake sure botrPhotogate

sensors are selected

@ Procedure

Hints: Take care to drop the ball vertically to limit interference with the faénter the ball so its core

diameter crosses thBhotogates'beams.

o M wbdh PR

Selecﬂ?un(‘g) to begin recording data.

Drop the ball through the two gates.
Repeat this procedure several timasd with different balls

After several trials, sele&top( @‘)

Save your data by selectiigave( Hb from the Basic Toolsvindow on the upper menu bar.

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

The data from the two Photogate sensors should gigeaph such as the one seen below in Figure 2:

| 29]
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Figure 2

We can use the two Photogate sensors to measure the instantaneous velotitiasgd ’ , of the falling
balls at each Photogate sensor.

o (1)

o )

Where
w = The width (diameter) of the ball

We can then calculate the acceleratiamf each falling ball using these two instantaneous velocities and
0KS GAYS StlFLASR 0SG6SSyYy LI &aAityadfolloweNR dzZ3aK GKS (62 t K2i:

Yo ——— ®3)

O — (4)

We can use the MiLAB Desktop analysis tools to do these calculations and determine the acceleration of
the balls.

1. SelectPhotogate( 1) from the Analysismenuon the upper toolbarto open theTiming wizard

window:

i Timing Wizard: Step 1 of 2 - Measurement lilﬂ—hj

What do you want to messure?

) velocity

@ Acceleration
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2. SelectAccelerationand clickNext

.
&l Timing Wizard : Step 2 of 2 - Method |2 [
() Atone gate ﬂ
@) Between gates
Width 4 m
[ Cancel ] [ < Back ] [ Finish ]

SelectBetween gates

Enter thediameter of the ball in cm in the Width field

Calculate the average acceleratifor each ball.

Do the results agrewith the accepted valuéor acceleration due to gravity

Does the free fall acceleration depend on the bodyas®

525a GKS FNBS FlLtt | O0OStSNIidA2y RSLISYyR 2y
Explain how it is that all bodies fall with the same acceleration, 9.82m/s

© e No Ok~
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Chapter 6

Momentum Conservation in Collisions

)

=)

photo gate

N~

Figure 1

@ Introduction

The total momentum is conserved in collisions between two carts as long as there are no external forces
acting upon them.
In this experiment we will use two Photogate sensors to examine ceaten of momentum in collisions.

@ Equipment

SAyaidSA yand dconapliter &ith MiLAB Desktop
Photogatesensor (2)
DynamicTrack

Flag (2)

1

1

1

1 Dynamic cart (2)
1

1 Two stands

1

Bracket for Photogate sens(®)
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@ Equipment Setup Procedure

LaunchMiLAB Desktog & ).

Connect the twdPhotogatesensorgo portsontheSA ya G SAy.u[ | 6al G S

Assemble the equipment as shown in Figure 1.

Attach a flag to each cart (see Figure 1)

Mount the Photogatesensoson the Dynamic Track using the bracké?ssition thewo Photogate

sensorsabout 20 to 25cm apart along the track (see Figure 1) so that the flags blockethgorswhile

passing through them

6. Align the track so that it is horizontal. Test this by releasing a cart on the track from rest. The cart
should not move

7. IntheCurrent Setup Summarywindow, choosd-ull Setupand use the table below to set up the

experiment. Make sure that only the Photogate sensors are selected ieasurements

akrwbd R

0 Current Setup Summary

Program the sensors to log data according to the following setup:

Sensor: Photogate
Measurements: Photogate

Rate: 100 samples per second
Samples: 10000

Duration: 1 minute 40 seconds

Note: Make surethat only the Photogate is selected and not the Smart PuNégke sure bottPhotogate
sensors are selected

e
Procedure

1. Measure the mass of your carts and record theasurementsn your data table. Label the carts as
cart 1 and cart 2
2. Practice creating gentle collisions: place one cart at rest betweeRtibtogatesensors Release the

other cart from outsile thePhotogatesensor®) 1 2y S &2 GKFG Al NRffta G261 NR

bumper toward magnetic bumper. The carts should smoothly repel one another without physically
touching

Elastic collisions:
Set the magnetic plugs in the two carts to repetieather upon contact.
Position the carts so the magnetic bumpers are facing one another

SelectRun(‘J) to begin recording data
Reproduce a collision like the one you practiced in 8&of the Procedure
After the second cart leaves tli#otogatesensor@ zone selectStop( J)

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

N o g s~ w0 Ne

Repeat step42 to 6 for two more collisionseach time with different initial velocities
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Inelastic collisions:
1. Set the magnetic plugs in the two carts to attract each other upon contact.
Position the carts so theagneticboumpers are facing one another

2
3. SelectRun(‘»J) to begin recording data.
4

Reproduce a collision like the one you practiced in &epthe Procedure This time the carts should
stick together.

o

After the second cart leaves tli#otogatesensoi@ zoneg selectStop ( J)

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
Repeat step4d to 6 for two more collisionseach time with different initial velocities

@ Data Analysis

Formore informaton on working with graphs se&/orking with Graphs irMiLAB Desktop

1. SelectPhotogate( 1) from the Analysismenuon the upper toolbarto open theTiming wizard

window.

6 Timing Wizard: Step 1 of 2 - Measurement

What do you want to messure?

) Time

@ Velodity

() Acceleration

< Back Finish
2. SelectVelocityand clickNext
f 2| Timing Wizard : Step 2 of 2 - Method PR

) Atone gate

() Between gates

@ Colission (two gates)

Distance =]

>

Cancel

[ <Back |[ Fnsn |

SelectCollisionand enter the distance between the two Photogate sensors then sElaecth

Record the results in the data table

5. Determine the momentumngv) for each cart before and after the collision. Calculate the ratio of the
total momentum after the collision tthe total momentum before the collision. Enter the values in
your data table

6. Discuss the six trials in termsainservatiorof momentum

| 34



Data Tables

Mass of cart 1
Mass of cart 2

| Momentum Conservation in Collisiohs

kg

R (¢

Elastic collisions

Velocity beforeCollision Velocity after Collision
Trial Number Cart 1 (m/s) Cart 2 (m/s) Cartl (m/s) Cart2 (m/s)
1
2
3
. . Ratio of totaMomentum
Momentumbefore Collision Momentum after Collision I After/Before u
Trial Cartl Cart 2 Total Cartl Cart2 Total
Number (kg'm/s) (kg:m/s) (kgrm/s) (kg:m/s) (kgrm/s) (kg'm/s)
1
2
3

Inelastic collisions

Velocity before Collision

Velocity after Collision

Trial Number| Cart 1 (m/s)| Cart2 (m/s)| Cart1(m/s) | Cart 2 (m/s)
1
2
3
- .. Ratio of totaMomentum
Momentumbefore Collision Momentum after Collision After/Before
Trial Cartl Cart2 Total Cartl Cart 2 Total
Number | (kg-m/s) (kg'm/s) (kgrm/s) (kg'm/s) (kgrm/s) (kg'm/s)
1
2
3

o Further Suggestions

Repeat the experiment witmasses added to thearts
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Chapter 7

Energy Conservation in Collisions

Figure 1

@ Introduction

Collisions between two carts can be classified as elastitere the kinetic energy is conservadd
inelastic- where the kinetic energy is not conserved.

In this experiment we will use two Photogate sensorsttalythe conservation of kinetic energy during
collisionsKinetic energyKE)an be calculated from the mags) and the velocityv) of an object in
motion:

@ Equipment

SAyaidSAa yand dconapliter &ith MiLAB Desktop
Photogatesensa (2)

oo 2a (1)
C

Dynamic Tack

Dynamic cart (2)

Flag (2)

Two stands

Bracket for Photogate sens()

=A =4 =4 4 -4 A4 -4 -4

Balance
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@ Equipment Setup Procedure

LaunchMiLAB Desktog & b

Connect bottPhotogatesensorsto portsontheS A y A G SAy.u[ F 6al (8

Assemble theequipment as shown in Figure 1.

Attach a flag to each cart (see Figure 1).

Mount the Photogatesensorson the Dynamic Track using the brackétesition thesensorsabout 20

¢ 25 cm apart along the track (see Figljeso that the flags block tHéhotogatesensorswhile passing

through them.

6. Align the track so that it is horizontal. Test this by releasing a cart on the track from rest. The cart
should not move.

7. IntheCurrent Setup Summaryindow, choosd-ull Setupand use the table below to set up the

experiment. Make sure that only the Photogate sensors are selected ieasurements

akrwbd R

0 Current Setup Summary

Program the sensors to log data according to the following setup:

Sensor: Photogate
Measurements: Photogate

Rate: 100 samples per second
Samples: 10000

Duration: 1 minute 40 seconds

Note: Make surethat only the Photogate is selected and not the Smart Puléake sure bottPhotogate
sensors are selected

6 Procedure

Measurethe mass of your carts and record threeasurementsn your data table. Label the carts as
cart 1 and cart 2
2. Practice creating gentle collisions: place one cart at rest betweeRtibtogatesensors Release the

other cart from outside théhotogatesensosQ 1 2y S a2 GKF G Al NRftta 26l

bumper toward magnetic bumper. The carts should smoothly repel one another without physically
touching

Elastic collisions:
Set the magnetic plugs in the two carts to repel each other upon contact.
Position the carts so the magnetic bumpers are facing one another

SelectRun(‘J) to begin recording data
Reproduce a collision like the one you practiced in &épthe Procedure

After the second cart leaves tli#otogatesensoi@ zone selectStop( J)

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

N o g~ wDdhPE

Repeat step8to 6 for two more collisionseach time with different initial velocities
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Inelastic collisions:
1. Set the magnetic plugs in the two carts to attract each other upon contact.

2. SelectRun(‘J) to begin recording data.

3. Reproduce a collision like the one you practiced in &epthe Procedure This time the carts should
stick together.

4. After the second cart leaves tli#hotogatesenso@zong selectStop( J)
5. Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
6. Repeat stepd to 5 for two more collisionseach time with different initial velocities

0 Data Analysis

Formore informatbn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. SelectPhotogate( 1) from the Analysismenuon the upper toolbarto open theTiming wizard

window:
f 5 Timing Wizard: Step 1 of 2 - Measurement l 7 - |

What do you want to messure?

@ velocity

) Acceleration

2. Selectvelocityand clickNext.

2| Timing Wizard : Step 2 of 2 - Method B |
) Atone gate
() Between gates
@ Colission (two gates)
Distance =]
Cancel ] [ < Back ] [ Finish ]
L! |

3. SelectCollisionand enter the distance between the two Photogate sensors then sElach
4. Record the results in the data table
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Data Tables
Mass of cart 1 kg
Mass of cart 2 kg

Elastic collisions

Velocity before Collision Velocity after Collision

Trial Number| Cart1 (m/s)| Cart2 (m/s)| Cart1 (m/s)| Cart2 (m/s)
1
2
3

Kinetic Energybefore Collision Kinetic Energyafter Collision | Ratio of Total KE
After/Before

Trial Number| Cartl (J)| Cart2(J)| Total(J)| Cartl(J)| Cart2 (J)| Total(J)

Inelastic collisions
Velocity before Collision Velocity after Collision

Trial Number| Cart1 (m/s)| Cart2 (m/s)| Cart1 (m/s)| Cart2 (m/s)

1

2

3

Kinetic Energybefore Collision Kinetic Energyafter Collision R%&%sg{ggf‘é KE
Trial
Number Cart1(J)| Cart2(J)| Total(J) | Cartl(J)| Cart2(J)| Total (J)

1
2
3

1. UseEquation(1) todetermine the kinetic energfor each cart before andfter the collision.

2. Calculate the ratio of the total kinetic energy after the collision to the total kinetic energy before the
collision. Enter the values in your data table

3. Discuss the six trials in terms of energy conservation

o Further Suggestions

Repeat the experiment witmasses added to thearts
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Chapter 8

Friction Coefficient

Figure 1

@ Introduction

Friction is the force that acts between two surfaces that slide or attempt to slide onetlwwerther.

For dry surfaceghe friction depends on the types of surfaces and on the normal force acting between
them.

When the surfaces are at rest with respect to each other the friction is static friction and its magnitude can
vary from zero to anaximum value:

Q 0 (D)
Where:
fs = The static friction
Ms = The static friction coefficient
N = The normal force

Static friction is what keeps an object on an inclined plane from sliding downwards.
When there is relative motion between the tveurfaces, the static friction must be overcome by kinetic
friction. The kinetic friction is given by:

Q 0 2
Where:
f« = The kinetic friction
M = The kinetic friction coefficient
In this experiment these relations are studied for a varietgwfaces.
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@ Equipment

SAyailiSayu[loalisS YR I O02YLMziSNI 6AGK aA[!
Force sensor

Blocks of several materials (e.g. wooden block and a brick)

String

Balanceao measure the mass of the blocks

@ Equipment Setup Procedure

No gk P

Launch MILAB Desktdj ¢ ).

58a102LJ

/| 2yySOi GKS C2NOS aSyaz2N) 2 2yS 2F GKS LE2NIa 2y

Assemble the equipment as shownFigure 1

Attach one end of the string to the block

Attach the other end of the string to the Force sensor so that pulling the sensor will dragpttie bl
alongthe table or other surfaceThe Force sensor will measure the force acting on the block

In the Current Setup Summarywindow chooséull Setupand use the table below to set up the
experiment. Make sure that only the Force sensor is selected ud@éasurements

@ Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor(Range) Force(x10 Nor £50 N)
Measuremens: Force, Pulg positive (N)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 4 seconds

6 Procedure

Measure the masef each block of material and record the measurements in your notebook.
SelectRun(‘»J) to begin recording data.

Place the block on a table or other surface.

Hold the Force sensor in your hand and pull it. Make sure that the string is horiimthal surface on
which the block is restingnd gradually increase the applied force. When the block starts mpving
maintain a constant velocity. Only when the blockvesat constant velocity is the friction exactly
balanced by the force acting on the block

Whenyou have pulled the block a short distanse|ectStop( J)

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

Repeathe experiment with different materials. Remember to save the data frachexperiment
with a uniquename
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Figure 2

@ Data Analysis

For more informatn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Useonecursor( . )to measure the maximum value of the force measured by the sensor before the

block stared moving. This is the maxum value of the static friction. Use this value to calculaighe
static friction coefficient
2. Fnd the average value of the forecequired to move the block

a. Usetwo cursorg( 4, ) to select the portion of the graph which correspondghe motion of
the block
b. From theAnalysiswindow on theuppermenu bar,selectStatistics(‘h).

c. Write down theAveragevalue of the force for this portion of the graph.
3. Use the average value of the force aBquation(2)to calculate thekinetic friction coefficient
4. Repeat thesealculationausing the data fronblocks made from different materiaénd compare the
coefficients

o Further Suggestions

1. A motor can be used to pull the string. This will ensure a more steady velocity
2. To explore the effect of different velocities on tfrection (theoretically there is none) you may use a

Y202NJ (2 Lzt GKS adNRy3a FyR OKIFIy3aS (KS @Stz20Aaie oe
3. You can perform a series of experiments to determine the effect of the normal force on the friction

Change the mass of the block (by putting extra weights on it) without changing the swifaadich it

rests You can then use a spreadsheet to produce a graph of the friction vs. the normal force and

derive the friction coefficient from the slope of this grap
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Chapter 9

Newton's Third Law

Force ///////

sensor

Figure 1

@ Introduction

Newton's Third Laws often statedas

For every action, there is an equal and opposite reaction

This statement means thathen one body exerts force on a second bodyhe second body also

exerts a force on the first bodyhe&re is a pair of forces acting on the two interacting objects. The size
of the forceexerted by thefirst bodyis equalin sizeto the forceexerted by thesecondbody. The
direction of the forceexerted by thefirst bodyis oppositein directionto the forceexerted by the
secondbody. Forces always conie pairsq equal and oppositactionreaction force pairs.

In this experiment you will use two Force sensors to demonsteeton's Third Law

@ Equipment

1 SAyaiaSAayu[loalidS FyR F 02YLMzGiSNI 6AGK aAl[!.
1 Force sensa (2)

1 String

1 Rubber band

@ Equipment Setup Procedure

1. Launch MiLAB Desktd| & ).

2. 1 2yySOG G(KS C2NODS aSyaz2Nh (2 (g2 LB2NIa 2y

3. IntheCurrentSetup Summarwindow choosd-ull Setupand use the table below to set up the
experiment. Make sure that only the Force sensor is selected udéasurements
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0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor(Range) Force(#50 N)
Measuremens: Force, Pulg positive (N)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 500

Duration: 50 seconds

6 Procedure

Tie the two Force sensotsgetherwith a string about 2@m long. Hold on&orce sensor in your hand
and have your partner hold the oth&orce sensosothat you can pull on each other (see Figure 1)
SelectRun( J) to begin recording data.
DSyidGte G(GdA 2y @&2dzNJ LI NIySNRa C2NOS aSyazN) gAldK &2dzN
off the scale. Also, have your partner tug on your sensor. You will have 50 seconds to try different pulls.
4. Whenyou are doneselectStop(_é.}).

5. Save your data bselectingSave( H‘) from the Basic Toolsvindow on the uppemenubar.

6. Repeat the experiment with different materials. Remember to save the data fawhexperiment
with a uniquename

7. What would happen if you used the rubber band insted the string? Make a prediction ing the
Predicttool.

a. Open a new graph window by selecti@gaph( ) from the Workspacewindow on the upper
menubar.
b. Select thePredicttool ( ~* ) from the graph tool bar. Click on the graghsketch a prediction

on thegraph
c. Repeat step2-5using the rubber band instead of tistring.

@ Data Analysis

For more informatn on working with graphs se®@/orking with Graphs irMiLAB Desktop

1. Examine the graphs.
a 2KId Oly &2dz 02y Ot dzZRS ' o62dzi GKS Gg2 FT2NOSa o8& 2 dzN
pull on you)?
b. How are themagnitudes related?
c. How are the signs related?
2. How does the rubber band change the results does it change them at all?
3. 2KAES @2dz I yR @&2dzNJ LJ NIy SNJI | N3EB the fintzfed upoyi thesepsprs S| OK 2 G K ST
have the same positive directic?
4, La GKSNB lFye gFe (2 Lzt 2y @&2dz2NJ LI NIySNRa C2NODS &Sy
back? Try it
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o Further Suggestions

1.

Fasten one Force sensor to ydab benchor tableand repeat the experimertty pulling on the sesor
which is noffastened to the benchDoes the bench pull back as you pull on it? Does it matter that the
second force sensor is not held by a person?

Use a rigid rod to connect your Force sensors instead of a string andragpewith mutual pushes
instead of pulls. Repeat the experiment. Does the rod change the way the force pairs are related
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Chapter 10

The Impact of Constant Force
on a Moving Body

Photogate

Figure 1

@ Introduction

In this experiment we explore the impact of applying a constant force to a cart. The force of gravity
will be applied to the cart by means of a string suspended over a pulley and contectéringing

weight (see Figure 1).

According to Newton's Second Law of Motion, applying a constant force to a body yields a motion with
constant acceleration.

The cart's velocity as it is pulled by the weight will be monitored using the Smart Pulley.senso

@ Equipment

T SAyaaSAayu[loalidS FyR I O02YLziSNI 6AGK aA[!. 5Saiiz2Ll
1 Smart pulleysensor

1 DynamicTrack

1 DynamicCart

1 Pulley bracket

1 Weight (100g)

i1 String
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@ Equipment Setup Procedure

Launch MIiLAB Desktd| ¢ ).

Assemble the Smart Pulley sensor by mountingphiey on the Photogate sensor with the rod
provided.

Mount the Smart Pullegensoron one end of the track using the pulley mounting bracket.

I 2yySOG GKS {YINI tdzfSe aSyaz2N) 2 2yS 27
Position the cart at the other endf ¢the track.

Attach a string to the cart

Attach a 10@ weightto the other end of the string

Pass the string over the pulley

Level the track and adjust tHgnart Pulley height so that the string is parallel to the track

. In the Current Setup Summaryindow chooséd-ull Setupand use the table below to set up the

experiment. Make sure that only the Smart Pulley sensor is selected ivhesurements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor Smart Pulley
Measuremens: Velocity (m/s)

Rate: 25 samples per second
Samples: 100

Duration: 4 seconds

iKS

Note: Make surethat only the Smart Pulley is selected and not the Photogate.

s
Procedure

o M 0w b P

Hold the cart at the end of the track.

SelectRun(‘J) to begin recording data.

Release the cart.

SelectStop( Jb as the hanging mass reaches the floor

Save your data byelectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
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| The Impact of Constant Force on a Moving Blody

oz 04 0g 0a 1 1.2 14 16
Timerl=)

Figure 2

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Discuss the resulting graph. Does it agree with Newton's Secondfllation?
2. What can be said about the velocity changesrequal time intervad?
3. Fit a straight lingo your datathat passes through your data points:

a.

b.
c.
d

SelectCurve fit( ./ ~) from the Analysiswindow on the upper menu bar.

In the Curve fitwindow which opens, chooddanearfrom the Curve fitdrop down menu.
Thelinearfit will appear on the graph

The linear fit equation wilbe displayedn the informationon the graph when you drag the
cursor tothe linear fit line.

The slope of the linear fit line represents the acceleration of the cart.
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Chapter 11

Newton’s Second Law

Photogate

Figure 1

@ Introduction

Isaac Newton was the first to accurately define the relationship between the mass of art) dioky

force applied to it and the acceleratiom (rate of change of the velocity) caused by this force.

The acceleration is linearly grortional to the net force appliedhat is, the sum of all forces on the object.
The object acceleratin the same direction as the direction of the net force:

0 4w (1)

In this experiment you will explore the relationship between force andaiteeleration. You will use the
force of gravity to accelerate a cart along a track. The acceleration will be measured with the aid of a Smart
Pulley sensor.

@ Equipment

T SAyaaSAayu[loalidS FyR I O02YLziSNI 6AGK aA[!. 5Sailiz2Ll
1 SmartPulleysensor

1 DynamicTrack

1 DynamicCart
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91 Pulley bracket
1 Weighs(onel0g and two 20
1 String

@ Equipment Setup Procedure

1. Launch MiLAB Desktd| ¢ ).

Assemble the Smart Pulley sensor by mounting the pulley on the Photogate sensor with the rod
provided.

Mount the Smart Pullegensoron one end of the track using the pulley mounting bracket.
Connectthe SmartPulley®y S 2F (KS LIRNIa+2y (KS SAayadSiayxcloft Si
Position the cart at the other end of the track.

Attach a string to the carfThestringshould be long enough so that when tbart is next to the Smart
Pulley sensor, thetringreaches the floor.

Attach a 10y weightto the other end of the string

Pass the string over the pulley

9. Level the track and adjust tHgnart Pulley height so that the string is parallel to the track

10. Load the remaining weights on the cart

11. In theCurrent Setup Summarywindow choosd-ull Setupand use the table below to set up the
experiment. Make sure that only the Smart Pulley sensor is selected Wekesurements

n

ok w

© N

@ Current Setup Summary

Program thesensor to log data according to the following setup:

Sensor Smart Pulley
Measuremens: Velocity (m/s)

Rate: 25samples per second
Samples: 500

Duration: 20seconds

Note: Make surethat only the Smart Pulley is selected and not the Photogate.

e
Procedure

1. Ifthe masses are not already known, measure the masses of the two objects attached at either end of
GKS Lzt t SeQa &a0GNAYy3I 6STF2NB 0S3IAYyYyAy3dI GKS SELISNRAYSyY()
a. Measure the mass of the cart including the weights on board. Record thissag you lab
notebook.
b. Measure themassof the weight at the other end of the pulley. Record thigrasignt in your
lab notebook.
c. You may need to do this before setting up the track and pulley assembly.
Hold the cart at the end of the track.

SelectRun(‘J) to begin recording data.
Release the cart.

SelectStop( Jb as the hanging mass reaches the floor

o 0o A~ WD

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
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7. Replace the hanging weight with a §@veight from the cart. Make sutbat all the other weights are
on the cart and repeat stepsto 6.
8. Repeat stepd1to 6 with hanging weights of 36, 40g and 503.

08—
D.B—_
D.?—_
D.B—_
D.S—_

04—

Velocity (m/s)

03—
02—

01—

0z 04 06 s 1 12 14 16 18 2 22 24

0 Data Analysis

Figure2
¢2 dzyRSNRGFIYR K2g bSglizyQa aSO2yR g 2F Y2iA2y Aa
gSAIKGTZ O2yaAiARSNI SIOK 2F (GKS Gg2 2602S800a G GKS (g2
law of motion (Equation(1)), you can write an equation for each object relating force to acceleration. Since
the two objects are connected with a string, they move together and so have the same acceleration which
you can labeh.
O a o 2
O a ® )

Now you need to consider all the forces acting on each object in order to determine the net force on each
object.

The cart

The cart is being pulled along the track by the tension on the dor@ihe cart may be slowed down by
friction ,f, as it is pulled along the track. We can sum up these forces using an equation:

0 v 0 )
If we ignore the friction (some modern dynamic systems have a remarkably low friction coefficient), this
equaton can be simplified:

0 o~ (5)

The weight

The weight on the end of the string experiences the force of gravity pulling it towards the floor and the
tension on the cordT, attached to the cart. We can sum up these forces using an equation:

O a QY (6)

Where:

g = The acceleration due to gravity
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Substituting this equation into the relationship already found for the tension on the stqgdtion(5)):

O a ‘Q O @)

Now substitutinginth@ NA 3Ay+f bSgii2yQa aSsSOeqgiatos(and@F Y20GA2y Sljdz

a ®» a M a w (8)

With some rearranging of this equation, you can find a relationship between the acceleration of the objects
and their masses:

W — Q 9)

Because the total masBjcart + Mweight, remains constant, the graph of acceleration vs the applied force,
Mweightd IS @ straight line with slope:

p
_,Q,—
laana a (10)

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. From the grapl{Figure 2you can see that the velocity increases linearly over time. That means that
the acceleration is constant, as the acceleration is the rate of change of thetyeloc

Use the cursors to select the linear range of the graph.

SelectCurve fit( ./ -) from the Analysiswindow on the upper menu bar.

In the Curve fitwindow which opens, chooddanearfrom the Curve fitdrop down menu.

Thelinearfit will appear on the graph

The linear fit equation wilbe displayedn the informationon the graph when you drag the cursor to
the linear fit line.

The slope of the linear fit line represents the acceleration of the cart.

8. Prepare a data table:

S e o

~

Data Table
Mueight (9) a(m/s?) F = Mueigng (N)
1. Repeathe calculationgor each of your saved data files andifilthe data table
2. Graph the acceleration vs. the applied foro@ighg, and findthe slopeof the resulting line.
3. /2YLINB (KS 3INILIKQA af Eqistionld). 6 KS (KS2NBGAOI €
4. Calculate the relative error:
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O Further Suggestions

If there is a significant frilon in your system, find the friction coefficient from the graph
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| Energy of a Tossed Ball

Chapter 12

Energy of a Tossed Ball

Distance
sensor

Figure 1

@ Introduction

When a body moves under the influence of gravity alone, its mechanical energy (the sum of its kinetic
energy,KE, and potential energyPE) is conserved.

VO 00 GEET 0MED 1)

When a ball is tossed up in the air it begins wkithetic energy. As it rises it slows down, losing kinetic
energy and gaining potential energy. On its way down, the ball loses potential energy but gains kinetic
energy.

@ Equipment

1 SAyatSayu[toaliS FyR I O02YLziSNJ gAGK aA[!. 585ald2L)
7 Distancesensor
 Distarce adaptor
f Small stand
1 Clamp

1 Basketball or similar sized ball
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@ Equipment Setup Procedure

Measure and record the mass of the ball.

Launch MILAB Desktdj ¢ ).

I 2yySOG GKS 5raaiGlyO0S aSyaz2Nl gAldK GKS 5A&4i0l yOS
Assemble the equipment as shown in Figure 1

In the Current Setup Summarwindow choosed~ull Setupand use the table below to set up the
experiment. Make sure that only the Distance sensor is selected udasurements

aprwDd PR

e Current Setup Summary

Program he sensor to log data according to the following setup:

Sensor Distance
Measuremens: Distance (m)

Rate: 25samples per second
Samples: 500

Duration: 20seconds

6 Procedure

Using two handgpractice tossing the ball straight up. The range should be from abouh @Bbove the
Distance sensor to about 1rb above the Distance sensor.

2. SelectRun( J) to begin recording data.

3. Whenyou hear the clicking sound of the Distance sensor, toss the ball and move your hands out of the
way.
Catch the ball when it is comes back to about 0.5 m above the Distance sensor.

SelectStop( Jb
6. Save your data byelectingSave( Hb from the Basic Tots window on the uppemenubar.

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

Graph the Kinetic Energy
1. Displaya graph of theVelocity by taking the derivative of the distance vs time graph:
a. SelectMath functions( f,, ) from theAnalysiswindow on the upper menu bar.
b. In theMath function window which opens, chood@erivativefrom the Functiondrop down
menu.
c. IntheGldrop down menu select thBistance data.
d. Theline which is drawn on the grapepresents the velocity of the cart.
2. Use the velocity data to calculate the kinetic energy of the ball:
a. SelectMath functions( f, -) from theAnalysiswindow on the upper menu bar.

b. IntheMath function window which opens, chood€inetic Energyrom the Function
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drop down menu.

In the G1drop down menu select thealculated derivative data.
In the A edit box, enter the value of the mass of the ball.
TypeKEin the Nameedit box type J in theJnit edit box

Graph the Potential Energy

Use the cursor to select the Distance data:

1.

a. SelectMath functions( {,, ~) from theAnalysiswindow on the upper menu bar.

oo

e.

f.

In the Math function window which opens, choodéanearfrom the Functiondrop down menu.

In the G1drop down menu select thBistance data.

In the A edit box, enter theesult of the mass of the ball multiplied by the free fall acceleration
(9.8 m/9).

In the B edit box enter 0.

TypePE in the Nameedit box type J in theJnit edit box

Graph the Kinetic Energy and the Potential Energy vs Position

Change thesaxis measure bgelectngthe down arrow(w) from theGraphtoolbarand choogg
Distanceas your xaxis measure

Use the down arrows on thegxes on either side of the graph to chod§Eas the yaxis value along
one side and’Ealong the other

Discuss the graph in terms of the transitions between potential and kinetic energy and cormeonfati
energy.

1.
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Chapter 13

Impulse and Momentum

Figure 1

@ Intfroduction

Impulse is the product of a fordeand the time for which it act#pplyinganimpulse to a body changes its
momentum. The change in momentusequal b the magnitudeof the impulse:

yno omo )
av avu oo oXe 2
Where:
F = Theforce acting on the body
3p = The change in momentum
m = Themass of the body
vi,V2 = Thevelocities of the body before and after the impulse

In this experiment a capiasses through a Photogate sensmillides with a Force sensor apdsses
back through the Photogate sensor after the collisidfPhotogatesensoris used to measure the
velocities of the cart before and after the collisidrhe momentum of the cart is calculated using this
measurementThe impulse is found by calculating the time integral of the force measured by the
sensor.The calculated valuef momentum and impulse will be comparedd consistency with
Equation(1) will be considered.
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@ Equipment

=A =4 =4 -4 A -4 - -4

SAyadSAayu[ltoaldS FyR I 02YLJziSNI gAGK aA[!. 58a1id2L)
Force sensor

Photogate sensor

DynamicTrack

Dynamic car{standard, without plunger)

Flag

Bracketfor Force sensor

Bracket for Photogate sensor

@ Equipment Setup Procedure

PwnN P

Launch MIiLAB Desktd| ¢ ).
ConnecttheForced Sy a2 NJ 12 2yS 2F (KS LRNIa 2y (GKS SAyadaSayn]
Connect thePhotogated Sy a2 NJ (2 2y S 2F (GKS LIB2NIa 2y GKS SAyadaSay
Assemble the equipment as shownFigure 1
a. Mount the Force sensoat one end of the Dynamic Track using the bracket
b. Mount the Photogatesensoron the Dynamic Track using the brackdbunt the Photogate
sensor near to thé&orce sensor but leave enougbese for the flag on the cart to pass
through the arms of the Photogate before colliding with the Force sensor.
c. Attach theflag to the top of the cart so that it is aligned with the lengthto cart.
In the Current Setup Summarywindow chooséull Setupand use the table below to set up the
experiment. Make sure that only tHeorceand Photogatesensors are selected undbteasurements

@ Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor(Range) Force(350 N)
Measuremens: Force, Peh¢ positive (N)
Current Reading: Set (sets as zero)
Sensor: Photogate
Measuremens: Photogate

Rate: 1000 samples per second
Samples: 10000

Duration: 20 seconds

Note: Make surethat only thePhotogateis selected and not th8mart Pulley

1.
2.

3.

e
Procedure

Measure the mass of the cart. Record this value in your notebook
Place the cart on the traakn the end opposite tthe Forcesensor, beyond th€hotogate sensor

SeIeclRun(‘J) to begin recording data.
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4. Push the cart towat the Force sensor. Make sure that the initial pushtiisrey. The cart must
rebound with enough force tpassbackthrough thearms of the Rotogatesensorso that its velocity
after the collision can be calculated.

5. After the cart hapassed back through arms of the Photogate senselectStop( J)

6. Save your data bselectingSave( LE”) from the Basic Toolsvindow on the uppemenubar.

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLABDesktop

1. See Figure 2 for sample ddtam this experiment The two rectangles represent thiene when the
flag on the cart passed through tiiaotogatesensor The narrow peak at the center of the screen is
the force measured byhe Force sensor

Fore (N)

I ! 1 1 [ 1 1 ! T
Time(=)

Figure 2

2. Calculate the change in momentum before and after the colligging data from the Photogate

sensor:
a. You can use th&ming Wizardo calculatethe velocity of the cart both before and after the
collision

i. SelectPhotogate( 1) from the Analysismenuon the upper toolbarto open the

Timing wizarowindow.
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@ Timing Wizard: Step 1 of 2 - Measurement

What do you want to messure?

@ Velodity

() Acceleration

ii. SelectVelocityand clickNext
& Timing Wizard : Step 2 of 2 - Method ? =
@ Atone gate
() Between gates
(7} Colission (two gates)
Distance 3 n
Cancel ] [ Back ] [ Finish

iii. SelectAt one gate

iv. Enter thewidth of the flag (in cm) in theiBtancetext box

v. SelectFinishand theTiming Wizardwill return the values of the velocitesof the

cart, before and after the collision

b. Multiply the velocities by the masa of the cartto calculate the momentum before and after

the impulse:

n aony ao

c. Calculate the difference in momentum:
m onoon
d. Recordthis value in your noteboak
3. Calculate the impulse:

a. Zoom inon theportion of the force vs timegraphduring which thempact occuredising the

Zoomtool ( ©, ) on theGraphtoolbar (see Figur@).
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Force (N)

1 ! 1 ! 1 ! 1 ! 1
094 043 0.96 oa7 0.98

Time (s)

Figure 3
b. Selecttwo cursors( 4, ) from the Graphtoolbar; placethe first cursorat the point when the

force started actingnd the second cursat the point on the graph when the force stopped
acting on the car{see Figure).

c. SelectArea( b ) from the Analysismenuon the upper toolbar MiLAB desktop will

evaluate the area under the selected curve and display the arézei bottom lefthand
corner of the graph.
d. Record the area in your notebook. This is the impulse. What are the impulse units?
4. Compare the amount of impulse to tlehange in momentum. What are your conclusigns

o Further Suggestions

1. The surface of the cart that collides with the Force sensor may be covered with different materials
(cardboard, rubber, different metals or plastics). This will cause changes in the shtge graph
describing the impulse: the duration and the maximum force may change. Does the change of
momentum still equal the impulse

2. Use the plunger cart which hasspringloaded plunger on one en@rient the cart so that the spr-
loaded plungecollides with the Force sensor. This too will alter the shape of the graph. Does the
change of momentum still equal the imputse
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Chapter 14

Hooke’s Law:
Finding the Spring Constant

Distance
sensor

Figure 1

@ Introduction

2 KSy ¢S LLXe  F2NOS G2 | aLINARy3Is Al aGtNBGOKSa 2N 02
proportional to the applied force:

Where:

F = The applied force

K The spring constant

X ¢ KS & didpactraents

¢CKAE g A& (1y26y la 12215Qa [+Fegd LG SylofSa dza (2 dza!
measure force.

In this experiment we will use thHéorce sensor and the Distance sensor to calibrate a spring for use as a
dynamometer (force meter).
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@ Equipment

SAyadSAayu[ltoaldS FyR I 02YLMziSNI gAlGK aA[!. 58a1d2L)
Force sensor

Distance sensor

Distance adaptor

Spring(~15N/m)

Slotted mass set
Slotted mas$ianger
Stand and supporting ro®)

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

Clamp with hook to hang the spring

@ Equipment Setup Procedure

Launch MILAB Desktdj ¢ ).
/I 2yySOG GKS 5AadlyO0S aSyaz2N gAdGK GKS 5AaadkyO0S | RI LI
Connect the Force sensortooef G KS L2 NIia 2y GKS A ( (0 S
The distance between thisvo sensorshould be about 7@m.
Assemble the equipment as shown in Figure 1
a. Make sure there are no physical obstacles between the hanging mass and the Distance sensor.
b. Use a mass of 109
c. The distance betweethe mass and sensshould be about 7@m.
5. IntheCurrent Setup Summarnywindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only the Distance and Force sensors are selectedMieasurements

Ll R

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Distance
Measuremens: Distance (m)
Sensor(Range) Force(x10 N)
Measuremens: Force, Pulg positive (N)
Current Reading: Set (sets as zero)
Rate: 10samples per second
Samples: 1000

Duration: 1 minute 4 seconds

e
Procedure

1. Make sure that the hanging mass is at rest
2. SelectRun(‘J) to begin recording data.

3.  Wait 20 seconds and then add a weight ofgg0 the hanging mass so that the total mass is now
150g. Bring the mass to rest
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4. Wait another 20 seconds then adahothermass of 5@ and bring the mass to rest
5. Repeat stepl and increase the hanging mass by amounts of 66til you reach500g
6. Whenyou have added 500 g to the sprirsglectStop( ().
7. Save your data bselectingSave( LS”) from the Basic Toolsvindow on the uppemenubar.
8. Usetwo cursors todetermineli KS & LINAy3Qa SEGSYy &A 2 ythebvhlleSihtBek Kl yIAy 3
data table.
Data Table
Hanging Mass (g) Applied Force (N) Extension (m)

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. What was the force applied to the spring when the hanging mass wag?1.00
2. Use data from the Force sensor ithih the Applied Fare column in the data table, recording force in
units d Newtons.
3. Use data from the Distance sensor iibifh the Extension column in the data table, recording extension
in units of meters.
tf2d I INFLK 2F GKS LI ASR FT2NOS OSNHEdza G(KS &LINRy3C
Fit a straight line to your data points that passetigh the origin
What are the units of the slope?
Use the graph to calculate the spring constadnt

N o g s
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Chapter 15

Simple Harmonic Motion

Force
sensor ¥

Distance
sensor

Figure 1

@ Intfroduction

Whenaforce acting on a body is directly proportional to thisplacemenbf that body fromits

resting (equilibriumpositionand when this force ig the opposite direction of the displacement from
the resting positionthen the body will movewith what it calledsimple harmonic motionSimple
harmonic motion is a type of periodic motion.

A spring with anassattached can be used to observe simple harmonic motion. Whersfhing and
the massare held vertically so that gravity pulls theasstoward the ground, the end of thepring is
displaced toward the groundh restoring force will act to pull the spring and timassattached back
toward the resting position according to Hodk& [ | ¢ @

The relation of the forcé& to the digplacementx from the equilibrium positionis:

"0 Qo 1)
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Where:
k = Thespring constant

The spring with thenasswill move up and down periodically. The motion is describgdhe following
equation:

w 0ATcO Qo )
Where:
A = The amplitude of the motion
f = The frequency of the motion

The period of the motion is the amount of time it takesrepeat the period of motion once. It is
related to thespring constanand the size of the masm( measured in kg)

o
“ ‘e 3
Yooy 3)
andcan also be expressed as the inverse of the frequency ahtiten:
w, P
Y 5 4

In this experiment we examine the motion of a mass attached to a spring and oscillating vertically. The
force acting on the spring and the position of the mass are measured simultaneously.

@ Equipment

1 SAyaliSAyu[loal (S MiLARDeskto 2 Y LIdzi SNJ ¢ A K
1 Force sensor

9 Distancesensor

1 A mass attached to a spring (the frequency of the oscillation should b2z5and the amplitude
should be 520cm)

1 kg mass (2)

Stand with a clamp to hold the force sensor and the gprin

Stand with a clamp tbold the distance sensor

Gclamp to clamp the stand to the counter

Meter stick

1 large ®mx8cmindex card

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

Balanceo measure the mass

@ Equipment Setup Procedure

Launch MILAB Deskid) !'. ).

Connect the Force sensor to one of the portson§hea y 8 G SAyu[ I oal GSo
ConnecttheDistanced Sy a2 NJ (2 2yS 2F (GKS LRNIa 2y GKS SAyadSAyn
Assemble the equipment as shownFigure 1

a. Hang the spring from the Force sensor

b. Carefully attach the 1 kg mass to the spring.

c. Place the Distance sensor directly beneath the mé#sen the spring is fully extendethe

mass and th®istancesensor must be at least 40 capart

5. In theCurrent Setup Summarywindow choosé-ull Setupand use the table below to set up the

e\ A
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experiment. Make sure that only the Force amiistancesensors are selected undbteasurements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor(Range) Force(#50 N)
Measuremens: Force, Pulg positive (N)
CurrentReading: Set (sets as zero)
Sensor: Distance
Measuremens: Distance (m)

Rate: 25samples per second
Samples: 1000

Duration: 40 seconds

6 Procedure

1. Using a meter stick antvo known masses, measure the spring constant

a. Place a 1 kg mass of the end of the spring. Gently let it come toDestiotallow the spring
to oscillate).

b. When the spring comes to its restifgquilibrium)position, use the meter stick to measure
the distance between the floor and the bottom of thekgmass.Record this distance.

c. Putan additional 1 kg mass on the spring and let it come gently to rest. (Do this carefully!)
When the spring comes to iequilibriumposition, use the meter stick to measure the
distance between the floor and the botto of the first 1 kg mass uselind the difference in
the springextensiongneasured.

Note: It is necessary to measure to the bottoriitbe first 1 kg mass in order to determine the
distance the spring stretched. Measurements should always be takenveetatihe same point on th
first mass.

D

d. Calculateand$ 02 NR ( KS OKH ugigdNewko aC 2I$I02 Y Rp E4ma. 2 F
In the case of using two 1 kg masses, this is given by 1 kg x 9.8 m.s

e. Calculate the spring constakidza A y 3 | 2R=fkSOVite thelckiange in forger by
the change irdisplacement x, pf the first 1 kg mass after the second 1 kg mass added.

2. Using a 1 kg mass, measure the period of oscillaipmithemass on the end of the spring:

a. Place the 1 kg mass on the eoidthe spring suspended above the Distance sensor

b. Attach the 5cmx 8 cmindex @rd to the bottom of the masso that thebroad side of the
card is facing the Distance sens@ently pull the 1 kg mass down and let gawill oscillate
up and down.

3. SelectRun(‘J) to begin recording data.
4. After about 15 oscillationselectStop( J)

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

0 Data Analysis

For more informatn on working with graphs se®@/orking with Graphs irMiLAB Desktop
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1. Working with either the Force curve or the Distance curve, measure the period of oscillation by using
two cursors( /) from the Graphtoolbar. Put the first cursor on the first peak and the second cursor
on the 11th peak. Recottthe value ofnt, which will appear in the text box on tiggaphasdx. The
period, TX & A €/1D. Récérd this value df.

2. Calculatehe spring constank using the period of oscillation and the followirgarrangement of
Equation(3):

3. Compare the values &fwhich you measuredsing two different methods

4. Create a graph of force vs distancedajectngthe down arrow(wr) from theGraphtoolbarand
choosngdistanceas yourx-axis measure

5. Fit a straight line to the resulting graph:

a. SelectCurve fit( .7 -) from the Analysiswindow on the upper menu bar.

b. In theCurve fitwindow which opens, choodgnearfrom the Curve fitdrop down menu.

c. The linear fit will appear on the graph and the fit equation wilbdiEplayed below the-axis
FromEquation(1), theslope of his graph is thepring constank.

d. Compare this value dfwith those calculated previously.

Force vs. Position

Force (N)

! I [T [
008 004 -0.02 i 0.02 0.04 0.06
Postion(im)

Figure 2

O Further Suggestions

1. Measure the period of oscillation with a 2 kg massl calculate the spring constat
2. Explore the relationship of the velocity to the distance
a. Use the distance sensor to measure the velocity of the oscillating spring.
b. Calculate the amplitudei for the maximum velocity:
¢

o b
~
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Chapter 16

Energy in Simple Harmonic Motion

Force
sensor

Distance
sensor

Figure 1

@ Intfroduction

The motion of a mass suspendidm a spring is a motion under conservative forces: gravitational
and elastic.
The kinetic energy is given by:

b0 Lao (1)
q

Where:
m = Themass of the suspended body
v = The velocity of the suspended body

The potential energy is given by:

00 ZQo (2

Where:
k = Thespring constant
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| Energy in Simple Harmonic Motion

X = Theposition of the suspended body as measured from the equilibrium point

The principle of conservation of the mechanical energy implies that:
0O 00O 0O 3)

Where:
E = A constant that represents the total mechaniealergy of the system

@ Equipment

SAyadSAayu[ltoaldS FyR I 02YLJziSNJ gAlGK aA[!. 58a1id2L)
Distance sensor

Spring £15 N/m)

Slotted mass set

Slotted mass hanger

Stand and supporting rod

Clamp with hook to hang the spring

=A =4 =4 4 -4 -4 -8 -4

Gclamp to clamp the stand to the counter

@ Equipment Setup Procedure

1. Launch MiLAB Desktd| ¢ ).
2. 1 2yySOG GKS 5AaiGlyO0S aSyaz2zNl 2 2yS 2F GKS LR2NIa 2y
3. Assemble the equipment as shownFigure 1

a. Make sure that there are no physical obstacles between the hanging mass abisthace

sensor

b. Use a mass of 20§

c. The distance between thiganging mass and the Distance sensoould be about 6@m.
4. IntheCurrent Setup Summarwindow choosed~ull Setupand use the table below to set up the

experiment. Make sure that only the Distance senseelected undeMeasurements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Distance
Measuremens: Distance(m)

Rate: 10samples per second
Samples: 2000

Duration: 3 minutes D seconds

s
Procedure

The Spring Constant

1. Make sure that the hanging mass is at rest.
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SelectRun( )) to begin recording data.
Add a 400y mass to the hanging mass so that the total mass is nowg600
Bring the hanging mass to rest, wait until the reading stabileredthen selectStop ( Jb

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

o g M w D

Usetwo cursors( /4, ) from the Graphtoolbar to determinehow much the spring was stretched after

adding the 40@ mass.
7. Calculate, the spring constanyysing Hook® a  F+k#®) andl the gravitational force otihe hanging
mass,m (F=mag):

q 79 @)

Where
3l = The displacement of the spring
8. Record this value in younotebook

Energy in Simple Harmonic Motion
1. Make sure that the hanging mass is at rest.

2. SelectRun( J) to begin recording data.
3. Lift the mass about Bm above the equilibrium position and release
4. After 20 secondselectStop( Jb

Q Data Analysis

For more informatn on working with graphs se@/orking with Graphs irMiLAB Desktop

Plot a Graph of Potential Energy - PE= Y2k{x-Xo)?

1. Use the cursor tdind the equilibrium position of the spring. Thisis the position of the spring before
the oscillationsRecord the value of in your notebook.

2. Create a graph of the displacement of the sprixgo] as it changes over time with the oscillations

a. SelectMath functions( f,, -) from the Analysiswindow on the upper menu bar.

b. IntheMath function window which opens, choodanearfrom the Functiondrop down menu.
c. IntheGldrop down menu select thBistance data.
d. IntheA edit box, enterthe negative of the equilibrium positiopr.
e. EnterDisplacemenin the Nameedit box andm in the Unit edit box.
3. Create a graph of the potential energy as it changes over time with the oscillations

a. SelectMath functions( f,, -) from the Analysiswindow on the upper menu bar.

b. IntheMath function window which opens, choosguadraticfrom the Functiondrop down
menu.

c. IntheGldrop down menu select thdisplacementlatawhich you calculated in the previous
step.

d. IntheA edit box, entef/k, that is, half the value of the spring constant

e. IntheBandCedit boxes enter0.

f. EnterPEin the Nameedit box and J in th&nit edit box.

g. Hide the Linear function and the Distance graph. The PE graph should be displayed.

Plot a Graph of Kinetic Energy - KE= 2mv?

1. Open anew graph window andsglay theoriginal distance graph.
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2. Create a graph of the velocity of the springas it changes over time with the oscillations

a. SelectMath functions( f,, ) from the Analysiswindow on the upper menu bar.

b. In theMath function window which opens, choodeerivativefrom the Function
drop down menu.
c. Inthe G1drop down menu select thBistance data.
d. EnterVelocityin the Nameedit box andm/s in the Unit edit box.
3. Create a graph of the kinetic energy as it changes over time with the osciltations

a. SelectMath functions( {,, ~) from theAnalysiswindow on the upper menu bar.

b. IntheMath function window which opens, chood¢inetic Energ from the Functiondrop down
menu.

c. IntheGldrop down menu select theelocity data which you calculated in the previous step.

d. IntheA edit box, enterthe mass of the weightn.

e. EnterKEin the Nameedit box and J in th&nit edit box.

Display the Graphs of Kinetic Energy and Potential Energy as a Function

of Position

1. Change the-axis measure by selecting the down arrogr)(from the Graphtoolbar and choosing
Distance as youx-axis measure.

2. Display the calculatedraphs ofPEandKEas a function of position. Ushe down arrows (w) on the
upper right and upper left to choose theaxisscale which corresponds #Eand KE

3. Calculate the total energy of the system and display this value on the graph:

a. SelectMath functions( f,, -) from theAnalysiswindow on the upper menu bar.

b. IntheMath function window which opens, choos&dd from the Functiondrop down menu.
c. IntheGldrop down menu seled?E
d. IntheG2drop down menu seleE
e. EnterTotal Energyin the Nameedit box and J in th&nit edit box.
4. Discuss the graph in terms of the transitions between potential and kinetic energy and conservation of
energy
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Chapter 17

Simple Pendulum

Photogate

N

Figure 1
@ Introduction
The period of a pendulum is given by:
b
o “ _ 1
Y o< 1)
Where:
M = Thelength of the pendulum
g = The acceleration due to gravity
In this experiment we will useRhotogate to exploreEquation(1).
@ Equipment
1 SAyaiSayu[loaldS FyR I O02YLJziSNJ gAGK aA[!. 5S8Sa1dz2L]
1 Photogatesensor
T Weight £2000)
i String
i Stand (2)
1 Pendulum clamp

 Meter stick
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@ Equipment Setup Procedure

1. Launch MiLAB Desktd] g ).
Connect thePhotogated Sy &2 NJ (12 2y S 2F (GKS LIRNIa 2y (GKS SAyaidSay
I 2yySOG GKS 5AaaiGlyO0S aSyazNl G2 2yS 2F GKS LERNIa 2y
Assemble the equipment as shownFigure 1
a. Useonestand to hang the mass from two strings. Attach the strings to a horizontandd
space themabout 10 cm apart, as shown in FigdreThis arrangement will let the mass
swing only along a line, and girevent the mass from striking tH#hotogatesensor The
length of the pendulum is the distance from the point on the rod halfway between the
strings to the center of the mass. The pehdu length should be at leastr long.
b. Attach thePhotogatesensorto the second stand. Position it so that the mass blocks the
PhotogateQ & € A AMiié@ hadiginb Straight down
5. In theCurrent Setup Summarnwindow chooseull Setupand use the table below to set up the
experiment. Make sure that only thehotogatesensoris selected undeMeasurements

Eal

@ Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Photogate
Measuremens: Photogate

Rate: 100samples per second
Samples: 1000

Duration: 10 seconds

‘ Note: Make surethat only thePhotogate is selected and not the Smart Pulley.

e
Procedure

Measure the length of the pendulum. Record the length in the data table
Pull the mass to the side about“lfdom vertical and release

SelectRun(‘J) to begin recording data.
After 10 secondselectStop( Jb
Save your data bgelectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

o g M W bR

You can use th&iming Wizardo calculate theperiod of the pendulum
a. SelectPhotogate( 1) from the Analysismenuon the uppertoolbarto open theTiming

wizardwindow.

| 74]



| SimplePendulum]|

. T S
iij Timing Wizard: Step 1 of 2 - Measurement ? BS |

What do you want to messure?

@ Time

) velocity

) Acceleration

b. Selectendulum (one gate)

iij Timing Wizard : Step 2 of 2 - Method ? i‘

(7 Atone gate

() Between gates

@ Pendulum (one gate) ﬂ

Cancel I [ Back ] [ Finish ]

c. SelectFinishand theTiming Wizardwill return the values of thgeriod of motion
d. Recordthis value in your data table.
7. Repeat your measurement as above and record the regulgsur data table.
8. Repeat stepd to 6 for various pendulum length€hange the length of the pendulum in steps of 10
cm, from 1.0 mto 0.50 m

Data Table

Length (m) Period (s)Trial 1 Period (s) Trial 2 Average Period (s)

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop
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Plot a graph of the square of the perioctP) @a & (G KS LIS Rdz dzyQa f Sy3adK 6
Does the graplagree withthe relation inEquation(1)?

Fit a straight lineo your data points that passes through the origin

Determine theslope of the linear fit and use it to calculate the value of the acceleratiento gravityg.

»MowbdpR

O Further Suggestions

1. 9ELX 2NB (KS LISYyRdzf dzyQa LISNA2ZR @SNBdzda (GKS LISy RdzZ dzyQa
2. 9ELX 2NB (KS LISYyRdzZ dzyQa LISNA2R OSNEdza GKS LISy RdzZ dzyQa
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Chapter 18

Physical Pendulum

Figure 1

In this experiment we explore thescillatiors of a pendulum. We use the Rotary Motion sensor to
measure the angular position of thendulum.
The period of goint pendulum is given by:

b
y Jl 1
< @
Where:
W = The length of the pendulum
g = The acceleration due to gravity
Wewilldza S | LISy Rdz dzy GKFdG Aa YFERS 2F | NAIAR YSGlFf NRR ¢

(seeFgure 1). If the weight is much heaviefaththe rod, the point pendulum approximation is good. If
not, we must consider the physical pendulum where the period is given by:

Y ¢ )

0
a b
Where:

m = Themassof the pendulum
I = Themomentof inertia of the pendulum

The moment of inertia of the pendulum is the sum of the moment of inertidn@fod (which is pivotingy
about an axlavhich is at theend of the rod) and the moment of inertia of a point mass (the weight):
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4 /b (3

.. aJb
0 ——
(0}

Where:
mi1 = The mass of theod
mz = Themass of the weight

@ Equipment

SAyadSayu[toaldsS YR I O2YLziSNI 6AGK aA[! .

Rotary motionsensor
Weight (2009)

Seel rod

Stand

Pendulum clamp

@ Equipment Setup Procedure

Pwd P

Launch MILAB Desktdj ¢ ).

Connect theRotary Motiona Sy a2 NJ (2 2y S 2F (GKS LIE2NIa 2y
Assemble the equipment as shownFigure 1

In the Current Setup Summarwindow choose~ull Setupand use the table below to set up the
experiment. Make sure that only the Phgiate sensor is selected undgleasurements

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Rotary Motion
Measuremens: Rotary Motion

Rate: 25samples per second
Samples: 1000

Duration: 40 seconds

6 Procedure

Measure the mass of the rod. Record this value in your notebook
Measure the mass of the weight. Record this value in your notebook
Measure the length of the pendulum. Record this value in your notebook.

SelectRun(‘J) to begin recording data.

Raisethe pendulumand allow it to swing downwards and continue with thistion back and forth

After 40 secondselectStop (| Jb

Save your data bselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
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@ Data Analysis

For more informathn on working with graphs se&/orking with Graphs irMiLAB Desktop
1. Zoom inon thegraph using th&oomtool (©, ) on theGraphtoolbarto display four or five periods of

the oscillation (see Figure 2 belaw)

20
101
04
-104
204
1200 2000 2800 3600 4400 s200 6000
Time(ms)
Figure 2

2. Use the cursors to measure the periddnd the frequency of the oscillations. Record these values in
your notebook

3. UseEquation(3) in the introduction to calculate the moment of inertia of the pendulum

4. UseEquatiors (1) and (2) in the introduction talculate the pendulum's period. Compare the results
with the measured period. Is the point pendulum approximation appropriate in this case?

5. ApplyaFourier Transfornto the data:

a. SelectMath functions( f,, -) from the Analysiswindow on the upper menu bar.

b. IntheMath function window which opens, choodeourier Transfornfrom the Function
drop down menu.
c. IntheGldrop down menu select thangledata.
6. The peakon theFourier Transforngraphappears athe frequency of the pendulum

Fourier Transform

Every periodic phenomenon that we sample can be transformed fronithedomain(time along
the x-axis)to the frequencydomain(frequency along the-axis) The Fourier transforrpresents the
data asone ormore peaks appearing at the frequency of heriodic phenomenon

14
13
12
11
10
g4
a4
7
£
5]
4]
3]
24

g T e T T e

0 0.2 0.4 0.6

0.8 1 12 14 16 18
Frequency (Hz)
Figure 3
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7. Use the cursor toeadthe frequency value of the main peak fratime Fouriertransform and sedf it
matchesthe frequency you measured in step
8. Create a graph of the angular velocity:
a. Display the original graph
b. SelectMath functions( £, -) from the Analysiswindow on the upper menu bar.
c. In theMath function window which opens, choodeerivativefrom the Functiondrop down
menu.
9. Explore the relationship of the velocity to the positi@isplay a graph of the anguheelocity vs.
angle.
a. Change thec-axis measure bgelecingthe down arrow(wr) from the Graphtoolbar and
choosng Angleas yourx-axis measure
b. Display angular velocity along tlgeaxis byusing thedown arrow(wr) on the top right or top
left of the graph to make the selection.

120

40

-40 -

-804

-120 4

-15.63 ' 5.63 ' 4.37 ' 14.37
Angle (deq))

Figure 5

o Further Suggestions

Investigatethe motion of apendulummoving throughwide angles (more than 9 Is it now harmonic
motion?

| 80|



| Specific Heat

Chapter 19

Specific Heat

power supply

Voltage
sensor

Temperature
/ sensor

Figure 1

@ Intfroduction

The specific heat is the amount of heat per unit mass required to raise the temperature of a substance by
one degree Celsius. The relationship between heat and temperature chaegeressed as:

0 ady 1)

Where:

Q = The amount of heat addedr removed
m = The mass of the heated substance
¢ = Thespecific heat

NT = The temperature change

This relationship does not apply if a phase change is encountered, because the heat added or removed
during a phase change does not change the terapge.

In this experiment we will determine the specific heat of water. We will heat the water by passing current
through an electric resistammersed in the waterThe energy dissipated by the resisisrheats given by:

0 O )

Where:

V = The wltage drop across the resistor
I = The current through the resistor

nt The heating time
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The known value of the specific heat of water is 1 calorie/gram °C = 4.186 joule/gram °C

@ Equipment

SAyaidSayand dconaplitér ith MiLABesktop

Temperature sensor40 °C t0140 °C)

Current sensor’2.5A)

Voltage sensor@5V)

Polystyrene cup

Plexiglasplate to use as a cover to thwlystyrenecupwA G K (g2 avYlftf K2fS8a F2NJ iKS
another holefor the temperature sensor

Power supply (&, 2A)

Resistor (3/V, 10W)

Two alligator clips

=A =4 =4 =4

Wires

@ Equipment Setup Procedure

LaunchMiLAB Desktof ¢ b

Connect the Temperature sensordoe of the portsonth& A y A G SAY.u[ | 6al (S
Connect the Current sensor tme of the portsonth& Ay A G SAY.u[ I 6al (S
Connect the Voltage sensor tme of the portsonth& A y 8 G SAy.u[ I 6al G S
Fill the polystyrene cup with 40 mL of watkteasure the volume of water you are using or measure
its mass.
6. Assemble the setup as shown in Figure 1 and Figure 2
a. Bend the two legs of the resistor and pass them through thedawsl t f K2t Sa Ay (GKS OdzL
b. Hold thelegsin place with the two alligar clips as shown in Figure 1. Place the cover on the
cup. The resistor must be immersed in the water.
c. Insert theTemperature sensor through the third hole on the cover. The probe's tip should be
immersed in the water as shown in Figure 1.
7. IntheCurrentSetup Summarwindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only the Temperature, Current and Voltage sensors are selected under
Measurements

aprwdPE
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Assemble the setup as shown in Figure 1:

Temperature sensor

O
—e L 2
+ -

Current
sensor

Power supply

Voltage
sensor

@ Current Setup Summary

Figure2

Program the sensors to log data according to the following setup:

Sensor: Temperature {40 °Cg 140 °C)
Measurements: ¢ SYLISNI Gdz2NB 066/ 0
Sensor: Current 2.5 A)

Measurements: Current (A)

Current Reading:

Set (sets as zero)

Sensor:

Voltage {25 V)

Measurements:

Voltage (V)

Current Reading:

Set (sets as zero)

Rate: Every second
Samples: 500
Duration: 8 minutes 20 seconds

Note: Make surethat only the external Temperature sense4@ °Cg 140 °C) is selected and not the
internal Temperature sensof30 °Cg 50 °C).

| 83|




| Specific Heat

s
Procedure

SelectRun( J) to begin recording data

Switch the power supply to 6V DC and turn it on
Observe the graph

After 6 minutesselectStop (| J)

a M wbd PR

Saveyour data byselectingSave( LS”) from the Basic Toolsvindow on the uppemenubar.

@ Data Analysis

For more irflormati‘n on workng with grgphs seeWorking with Graphs irMiLAB Desktop

1. What is the mass dhe water that you have pourethto the cup? Record the mass in yowotebook
and explain how yodetermined this number (by measurement or by calculation?).

2. Use thecursor(ny)to read the valueof the voltage. Record tis value in youmotebook

Use thecursar () to read the valueof the current. Record tis value in youmotebook

Looking at the temperature graph, what can you say about the relationship between the amount of
heat transferred to the water and the temperatuokhange which occurred

5. Use both cusors( /%) to mark two points on the temperature graph. Make sure to select two points

where the temperature is increasing. Record the time difference and the temperature difference
between the two pointsn yournotebook

6. UseEquation(2) to calculate theamount of heat dissipated by the resistor. Recoris thaluein your
notebook

7. UseEquation(1) to calculate the specific heat of water. Recorid #alue in youmotebook

8. Compare the value that you have just calculated with the known valudifg@eluction).

O Further Suggestions

Repeat the experiment with 8@L of water and compare the slopef the two graphs.

| 84]



| Boyle's Law|
Chapter 20

Boyle’s Law

S = o © [T

Pressure sensor

Figure 1

.28tS8Qa ftlg adlisSa GKFG Fd Qwveryfiadsbfy dry ghSsind8dly G dZNB X G KS |
proportional to its volume:

5o 2 &)
w
Where:
P = Thepressure
V = Thevolume of the gas

In this experiment we willarythe volume of air in a syringe and measure the presgutbe syringewith
the Pressure sensor connected directly to the syringe.

@ Equipment

1 SAyaiaSayu[loalidS yR ' 02YLMziSNI 6AGK aA[!. 5S8aiidzLl
91 Pressure sensofb0to 1150 mbar)
91 Syringe (50nL)
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@ Equipment Setup Procedure

1. Launch MiLAB Desktd| ¢ ).

2. ConnectthePressuréa Sy a2 NJ G2 2yS 2F GKS LIR2NIa 2y GKS SAyailiSiyy
3. IntheCurrent Setup Summarnwindow chooseull Setupand use the table below to set up the
experiment. Make sure that only theddsuresensor is selected undéteasurements

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Pressure (15@ 1150mbar)
Measuremens: Pressure (kPa)

Sampling Manual

Samples: 50

Note: Ensure thabnlythe external Pressure sensor (162150 mbar) is selected and not the internal
Pressure sensor ©400 kPa).

@ Procedure

Pullouti KS & & N& vy 3t6eBa mLbdaridiay cBdSrd fillitie syringe with air
Connect the Pressure sensor directlytothé@ NA y35Qa y211tS 6488 CAIdz2NBE wmo
Measure the length of the pendulum. Record this value in your notebook.

SelectRun( J) to begin recording data.
Collect the data manuallBelectManual Sampling Q) each time you wish to record a data sample.
SelectManual Sampling((#)) to measure the initial pressure.

Set the syringe to a volume of 45 mL, tielectVianual Sampling Z)).
Repeat stefy for syringe volumes of 40 mL, 35 mL, 30 mL, 25 mL amil.20
Slect Stop( Jb to stop collecting data

© ® N o o b~ DR

10. SlectExport ( E ) from the Graphtoolbarto save thedataas a csv file
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@ Data Analysis

1. Open the exported data in a suitable spreadsheet or graphing program
2. Add a column to the data and enter the volume corresponding to each measurement of pressure
(see Figure 2).

Samples | Exp. 12-Pressure 1f0-1 | Edited data-Volurme(mL)
1 ] 99,29 S0
2 1 112.14 43
3 2 123.57 40
4 3 142.14 35
S 4 165 30
6 S 199,29 25
7 6 241.43 20
Figure 2

3. Create a new column in which you will calcultite reciprocal of the volume.
4. Calculate the reciprocal of the volume for each measurement.
5. Create a plot oPvs 1N.

e Questions

1. What variables are heldonstant while the pressure is changing?
2. Isthe relationship between Pressure and Volume direcheerise? Explain
3. Can you infer what the gas pressure will be if the volume is reduced nol20
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Chapter 21

Charge Produced by Friction

] LR

Electrostatic
Charge Sensor

0

Figure 1

In thisexperiment you will charge pairs of objects by rubbing them togetBeme materials release

electrons more easily than otherd/hen you rub the two objects together, some electrons from one object
are transferred to the second objedtor examplewhenrubbinga piece of polyvinyl chloridé{ g plastic

with wool, you will find that the PV@ains electrons and so becomes negatively chargkie thewool
becomespositively chargedThistells you that wool gives up electrons more readily than R @is
experiment,you willmeasue the charge on these object pairs using tEéectrostaticCharge sensor.

@ Equipment

SAyaidSA yand dconapliter &ith MiLAB Desktop
ElectrostaticCharge sensor

1
1
1 Testleads with BNC connector
1 Faraday icgail

1

Materials: Glass rod (Pyrex is best), ebonite rod, ple&icstrip (or pipe), silk cloth, neoprene rubber
glove, wool cloth
1 Silk thread

@ Equipment Setup Procedure

Launch MIiLAB Desktd| ¢ ).

Connect theElectrostaticCharge sensor to one of the portsontfe ya G SAy.u[ | 6al (S
Connect the test leads to the Electrostatic Charge sensor.
In the Current Setup Summarwindow choosd~ull Setupand use the thle below to set up the

rPwnN P
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experiment. Make sure that only thelectrostaticCharge sensor is selected undéeasurements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: ElectrostaticCharge
Range: +0.025 (uC)
Measurements: Charge +0.025 (uC)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

@ Procedure

Wrapthe small woolen clottaround the end of the PV@astic strip otthe glassrod. Secure it tightly
with the silk thread (see Figure 2).

Figure 2
2. Shortcircuitthe two leads of theElectrostatic chargeensor. To short circuit the sens@onnectthe
positive (red) and negative (black) leads.
Selecﬂ?un(‘g) to begin recording dat.
Rub the woolen cloth along the length of a strip of PVC pléstie Figure 2).

Lowerthe PV(lasticstrip into the lower half of the inner cylinder of th&aradaypailand hold it
suspended there, without allowinigto touchthe pail (see Figure 1).

SelectStop( Jﬁu) to stop collecting data.

ok

Saveyour data byselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

6

7

8. Remove the strigrom the Faraday pail

9. Shortcircuitthe two leads of theElectrostatic chargsensor.

10. Next, insert the woolen cloth into the pail and record the readings.

11. Repeat step4 to 9 with other pairs of materials, rubbing cloth against a strip or rod.
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o Questions

What happens when you rub a woolen cloth agaiPstplastic?

2. Are the objects that have been rubbed togetla@ways equal and opposite in charge when you
measure them? Explain.

3.  Which of the pairs of materials that you have rubbed together give off electrons most easily?
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Chapter 22

Electrification by Contact

High voltage
power supply

Electrostatic Conductive

=l Charge Sensor sphere

Charge sensor's
ice pail

sampler

Figure 1

When a neutral conductive object is broughto contact with a negatively charged objetite two
togetherfunction as a single large objedheexcesslectrons on the negatively charged objeathich

repel each othernow havemore space to spread ot distribute the negative charg&ectrons from the
charged object flovto the uncharged object thus charginglitthe two negatively charged objects are then
separated, they each maintain their negative charge.

@ Equipment

SAyaidSAayand dconapltér &ith MiLAB Desktop
ElectrostatidCharge sensor

Test leads with BNC connector

Faradayde pal

Conductive sphere

Insulating rod

Sand

High voltage power supply

=2 =4 =4 =4 -4 A4 -4 -8 -4

Charge sampler
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@ Equipment Setup Procedure

Eal A

Launch MiLAB Desktdj ¢ ).

Connect theElectrostaticCharge sensor to one of the portsontfer ya G SAy.u[ F 6al (S
Connect the test leads to the Electrostatic Charge sensor.
Assemble the equipment as shown in Figure 1.

a. Connect the red lead of thElectrostatidCharge sensor to the inner cylinder of tharaday

ice pail.

b. Connect the black lead to the outer cylinder of fh@radayice pail.

c. Connect theconductive sphere to the high voltage outputtbe high voltage power supply.
In the Current Setup Summarwindow choose~ull Setupand use the table below to sep the
experiment. Make sure that only thelectrostaticCharge sensor is selected undédeasurements

Note: You may need to ground the outer cylinder of the Faraday ice palil

0 Current Setup Summary

Program the sensor to log data according to thkowing setup:

Sensor: ElectrostaticCharge
Range: +0.025 (uC)
Measurements: Charge +0.025 (uC)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

e
Procedure

n

© © N o gr®

11.

12.
13.

Turn on the powesupply
Shortcircuitthe two leads of theElectrostatic chargeensor. To short circuit the sens@onnectthe
positive (red) and negative (black) leads.

SelectRun(‘J) to begin recording data.

Ground the charge sampler to remove any residual charge from
Lower thecharge sampler into the inner basket of tRaradayice pail. Observe theesulting graph

SelectStop( J) to stop collecting data.

Saveyour data byselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.
Shortcircuitthe two leads of theElectrostatic chargseensor.
SelectRun(‘_J) to begin recording data.

. Touch theconductive sphere with theharge sampler, and then lower ttoharge sampler into the

inner basket of thé-aradayice pail. Observe theesulting graph
SelectStop( J) to stop collecting data.

Saveyour data byselectingSave( Hb from the Basic Toolsvindow on the uppemenubar.

Shortcircuitthe two leads of theElectrostatic chargseensor.
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14.
15.

16.

17.

18.
19.

2.
3.

| Electrification by Contagt

SelectRun( )) to begin recording data.

Touch theconductive sphere with theharge sampler a second time, then lower ttierge sampler
into the inner basket of th&aradayice pail. Desthe graphchange? Explain your observations.

SelectStop( | 4_) to stop collecting data.

Saveyour data byselectingSave( LS”) from the Basic Toolsvindow on the uppemenubar.
Shortcircuitthe two leads of theElectrostatic chargsensor.

Now ground thecharge sampler to remove any residual charge from it, then regfeatharge
measurement Explain the changes in tigeaph.

e Questions

Is the conductive sphere charged positively or negatively?
Explain how the spheres were charged.
Explain the procedsy which you charged the charge sampler.

| 93]



| Charge Produced by Inductipn

Chapter 23

Charge Produced by Induction

l * i s 9 w0

Electrostatic
Charge Sensor

i0

v v
M &

a
[
(e

LO2X
¥ o O on

arns i 1T I

Figure 1

@ Introduction

In this experimentve will charge a pair of conductive spheres by induction and then measure the charge
on each sphere.

In the induction process, a charged olijecbrought near to a neutral conducting objedthout touching

the two objects together.n this casewe will usetwo connected conductiveylinders as our neutral

object The presence of a charged object near a neutral conductor will force (or inelec&ons within

the conductor to move. The movement of electrons leavegmbalance of charge on opposite sides of the
neutral conductor. While overall the object is neutral (i.e. has the same number of electrons as protons),
there is an excess of pasi¢ charge on oneylinderand an excess of negative charge on the othginder.
Once thecylindershave been separateeach one is left with a net charge.
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@ Equipment

1 SAvyadiShyand dconapliter ith MiLAB Desktop

1 ElectrostaticCharge sensor

1 Testleads with BNC connector

1 Faraday ice pail

1 Two conductive spheres on an utated stand ¢achspheres diameter must be smaller én the
diameter of the Faraday ice pail inner cylinder)

1 PVQlasticstrip or pipe

1 A piece of wolen cloth

@ Equipment Setup Procedure

1. Launch MILAB Deskid & ).

Connect theElectrostaticCharge sensor to one of the portsonteh y a i SAy.u[ F 6al G S
Connect the test leads to the Electrostatic Charge sensor.
Assemble the equipment as shown in Figure 1.

a. Connect the red lead to the inner cylinder of the Faraday ice pail.

b. Connect the black lead to the outer cylinder of the Faraday ice pail.
5. IntheCurrent Setup Summarnywindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only the Charge sensor is selected Medasurements

P ownN

‘ Note: You may need to ground the outer cylinder of the Faraday ice pail

@ Current Setup Summary

Program the sensor to log tlaaccording to the following setup:

Sensor: ElectrostaticCharge
Range: +0.025 (uC)
Measurements: Charge +0.025 (uC)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds
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s
Procedure

1.

w

10.
11.
12.

Bring the two conductive spheres into contact (see Figure 2).

Figure 2

Rub the PVC strip with the woolen cloth to charge it.

CNRAY3I GKS tzx/ adGNRL ySENI 2yS SLKSNB odzi R2y Qi

With the PVC strip still near one sphere hold thailasng rod of theother sphere and move it away
to separate the spheres.

Shortcircuitthe two leads of theElectrostatic chargeensor. To short circuit the sens@onnectthe
positive (red) and negative (black) leads.

SelectRun( )) to begin recording data.

Hold the sphere that was nearest to the PVC bgits inaulating rod and insert it into the lower half of
the inner cylinder of thé-araday icgail, while not letting it touch thé&araday icgail.

SelectStop( J) to stop collecting data

Saveyour data byselectingSave ( H) ’from the Basic Toolsvindow on the uppemenubar.

Remove the sphere.

Shortcircuitthe two leads of theElectrostatic chargseensor.

Now repeat steps to Error! Reference source not foundnsertingthe other sphere into the pail and
recordngthe readings.

e Questions

Whathappens when you rub piece ofPV(lastic with awoolen cloth?

Explain how the spheres were charged.

Were the two spheres charged equally and opposite, when you measured them? Explain.
Use your measurements to determine the sign of the charge on thesBNSCEXxplain.
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Chapter 24

Conductive and Insulating Materials

(T = ) [T

Electrostatic
Charge Sensor

Figure 1

@ Intfroduction

Different types of atomdold onto their electrons more or less tightiith some types of materialsuch

as metals, the outermost electrons in the atoms are so loosely bound that they chaotically move in the
space between the atoms of that material influenced by nothing more than rteonperature heat

energy. Because these virtually unbound electronsfiage to leave their respective atoms and float

around in the space between adjacent atoms, they are often called free electrons.

In other types of materials such as glass, the atoms' electrons have very little freedom to move around.
While external forcesuch as physical rubbing can force some of these electrons to leave their respective
atoms and transfer to the atoms of another material, they do not move between atoms within that
material very easily.

This relative mobility of electrons within a matdrisa known as electriconductivity Conductivity is
determined by the types of atoms in a material (the number of protons in each atom's nucleus,
determining its chemical identity) and how the atoms are linked together with one another. Materials with
high electron mobility (many free electrons) are callmhductors while materials with low electron

mobility (few or no free electrons) are calletsulators
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Here are a few common examples of conductors and insulators:

Conductors:
Silver, Copper, Goldluminum, Iron, Steel, Brass, Bronze, Mercury, Graphite, Dirty water, Concrete

Insulators:
GlassRubber Oil, Asphalt FiberglassPorcelain Cerami¢Quartz (Dry) cotton (Dry) paper(Dry) wood
Plastic Air, Diamond Pure water

It must be understod that not all conductive materials have the same level of conductivity, and not all
insulators are equally resistant to electron motion.

For instance, silver is the best conductor in toeductordist, offering easier passage for electrons than
any dher material cited. Dirty water and concrete are also listed as conductors, but these materials are
substantially less conductive than any metal.

In this activity we will classify several materials as conductors or insulators by studying the mobidigy of f
charges in the material

@ Equipment

SAyaidSA yand dconapliter &ith MiLAB Desktop
ElectrostaticCharge sensor

Test leads with BNC connector

PVC strip or pipe

A piece of woolen cloth

Beaker

Tape

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

Variety of rods and strips of different materials like metals, graphite, plastic materials, wood, paper and
others

@ Equipment Setup Procedure

Launch MiLAB Deskid) !". b

Connect theElectrostaticCharge sensor to one of the portsontfe ya G SAy.u[ I 6al (S
Connect the test leads to the Electrostatic Charge sensor.

Assemble the equipment as shown in Figure 1.

Tape one of your materials on an inverted beaker (see Figure 1).

Connect the red lead of thElectrostatidCharge sensor to one end of the matet@be tested.

In the Current Setup Summarwindow choose~ull Setupand use the table below to set up the
experiment. Make sure that only thelectrostaticCharge sensor is selected undéeasurements

Nooogkrwbd R
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e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: ElectrostaticCharge
Range: +0.025 (uC)
Measurements: Charge +0.025 (uC)
Current Reading: Set(sets as zero)

Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

6 Procedure

Shortcircuitthe two leads of theélectrostatic chargsensor. To short circuit the sens@onnectthe
positive (red) and negative (black) leads.

SelectRun(tg) to begin recording data.

Rub the PVC strip with the woolen cloth to charge it.

Touch the free end of the test material with the PVC strip.

Observe theesulting graphWill you classify thenaterial as a conductor or as an insulator?
Repeatstepslto 5 for each material.

Basei on your findingsprepare a list of conductive matergednd a list of insulating materials.

SIGREEREEN
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Chapter 25

Voltage Measurements

batteries with
battery holders
+ +
switch
+
light bulbs
in sockets
—v"? ® 3 60 s
2
Voltage sensor
Figure 1

@ Introduction

A voltmeteris an instrument used to measutiee voltage drop between two points. A digital voltmeter
presents this voltagas a number on a screefihe measuring technique is to digitally compare the
measured voltage drop with an internal reference voltage. The bfger does not just measure the

voltage dropg it also stores the data for future analysis.

In this experiment we will use théoltagesensor to measure voltage drops across several points in a basic
electrical circuit. We will also learn tivarious display options.

@ Equipment

SAyaidSA yand dconapliter &ith MiLAB Desktop
Voltage sensor5 V)

1.5 V batterywith battery holder(3)

Smalllight bulbs 1.5 V(3)

Light bulb socketg3)

Connecting \ves

Switch (On/Off)
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@ Equipment Setup Procedure

1. Launch MiLAB Desktdj ¢ b

2. Connect thevoltage sensor to one of the portsontteA ya G SAy.u[ F 6al (S
3. Assemble the equipment as shown in Figures 1 amdbBcethat the negative lead of the voltage
sensor is fixed to point A, but the positive lead will be connected to the various points in the circuit.

— '\‘

Voltage
sensor

—>

m
1

Figure 2

4. Short circuit the two leads of the Voltage sensor. To short circuit the sensors, conngositiee
(red) and negative (black) leads.

5. Connect the Voltage sensor to one of the portson$he y a 6 SAy.u[ I 6al (S

Disconnect the two leads of ¢hVoltage sensor.

7. Inthewindow choosedrull Setupand use the table below to set up the expeant. Make sure that
only the Voltage sensor is selected unéiseasurements

o

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Voltage £25 V)
Measurements: Voltage (V)

Current Reading: Set (sets agero)

Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds

s
Procedure

1. Make sure the switch is in the Off position.
2. SelectMeter Window(ﬁ) from the from theWork Spacanenu bar. Move théVleters window

which opens to a location which does not cover Geaphwindow.
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3. SelectRun(t@) to begin recording data.

4. Bring the positive lead of the Voltage sensup contact with point Hon the circuit (see Figure 2).

5. Observe the readings in the meteindowandon the graph and in the table.

6. Record the voltage value your data table.

7. Turn the switch to the on position. Record the voltage valuginr datatable.

8. Bring the positive lead of the Voltage sengtdp contact with point D on the circuit. Recottae
voltage value iryour data table

9. Repeat step 8 with points C, B, A, E, F and G.

10. TheMeterswindow has four different display options. Repeat the measurements while exploring the
Analog(@), Bar (i), Color( @) andDigital (ss¢e ) display options.

11. Saveyour data byselectingSave ( H) ’from the Basic Toolsvindow on the uppemenubar.

Data Table

Positive lead of the Voltage sensor connected to poin Voltage Drop (V)

H (switch off)

H (switch on)

D

QImMm|>®@ O

0 Data Analysis

For moreinformation on working with graphs se@/orking with Graphs irMiLAB Desktop

Explain the change in the voltage drop between pdéimtindpoint H after turning the switclirom off
to on.

Discuss the different measurements that ymade

Discuss the advantages of the three different displatydows Meters, Graphand Tableand the
different display options within th&leters window.
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Chapter 26

EMF, Voltage and Internal Resistance

2.5v
Voltage sensor

>

- +

Battery

250mA 4
Current sensor ' Rheostat

® 460 0

T = ) T

Figurel

@ Intfroduction

The potential difference between the terminals of a voltage source when it is not connected to an external
circuit is the electromotive force (EMF) of that source. The symitsalsedto representthe electromotive

force. When an external circuit is connected to tr@tagesource the potential differenceV between the
terminals will drop below its open circuit value. The difference betwgendVis caused by the internal
resistance of the voltagesource. The value afwill be:

o - 'O 1)
Where

/= The current through the external circuit
In this experiment the relationship betwedhe voltageV and the current flowl will be explored.
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@ Equipment

1 SAyaiSAyanddconaplitér &ith MiLAB Desktop
1 Voltage sensot2.5 V

1 Current sensot2.5 A

1 1.5V batterywith battery holder

1 Rheostat {15W)

@ Equipment Setup Procedure

1. Launch MiLAB Deskid( ).
2. Connect the Current sensor to one of the portson®@ ya i SAy.u[ | 6al (8§
3. Connect the Voltage sensor to one of the portsonéhe y a 6 SAy.u[ F 6al (5§
4. Assembléghe electric circuit as showim Figures 1 and 2.
Voltage
sensor
+ +
:l Rheostat
Current
sensor
Bl g s
L
Figure 2

5. Connect the Current sensor and the rheostat in series with the battery, and then connect the Voltage

sensorin parallelwith the battery.
6. IntheCurrent Setup Summarywindow chooséd-ull Setupand use the table belv to set up the
experiment. Make sure that only the Current and Voltage sensors are selected Medsurements

7. Make sure to choose the Current sensor astlexis.
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0 Current Setup Summary

Program the sensetto log data according to the following setup:

Sensor: Voltage £2.5 V)
Measurements: Voltage (V)
Current Reading: Set (sets as zero)
Sensor: Current 2.5 A)
Measurements: Current (A)
Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 10

s
Procedure

1. SelectRun( J‘) to enable data recording.

2. Set up theGraphwindow to display the data as a graph of voltage as a function of current:

3. From theGraphwindow, select the down arrovmf) and choose Current as theaxis measuré you
did not set this previously ithe Equipment Setup Procedure

4. Make sure that both the right and leftaxes of thegraphdisplay voltage. Use thdown arrow(wr) on
the left and right sides teahooseVoltageas youry-axis measuréf necessary

5. Collect the data manuallBelectManual Sampling .‘/)) on the main toolbar each time you wish to

record a data sample.

6. Disconnect the sliding terminal of the rheostat. Record the first data sample. Reconnect the terminal
to the rheostat.

7. Change the resistae of the rheostat, begin with higher values and gradually reduce the resistance.
After each change record the data. Do not m&@scurrents higher than 2.5 A.

1.55— —1.55
15— -15
1.45— —1.45
14 —14 &
~— =
€ ae ] %
135 -1.35 §
i £
=
13— -13
1.25— -1.25
12— -12
[ T [ [ [ [ [ [ 1 [ 1
04 0.2 0.3 0.4 05 06
I(&)
Figure 3
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0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Applyalinear fit to the graph (see Figure 3):
a. Use either aingle cursor ~, ) to fit the entire graph otwo cursors( /4, ) to specificy a
region of the graph.
b. SelectCurve fit( ./ -) fromthe Analysiswindow on the upper menu bar.

c. IntheCurve fitwindow which opens, choodéanearfrom the Curve fitdrop down menu.
d. The fit equation will be displayedext to the second cursor
2. Record in your notebook the equation thie linear fit to the graph/oltagevs. Current.
3. Answer the following questions:
a. What is the value athe internal resistance of the battery?
b. What is the EMF of the battery?
c. What is the meaning of the points where the graph intersects the axes?

o Further Suggestions

1. You may repeat thexperiment with two batteries connected in parallel or in series. You may need to
change the sensors to measure greater voltages and currents.
2. You may perform a continuous sweep of the changing resist&@téhe data logger up to measure

100 points &a rate of 10samples pese®mnd and thenselectRun( J). Move the movable terminal

of the rheostat slowly.
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Chapter 27

I-V Characteristics of a Wire,
a Light Bulb and a Diode

2.5v
Voltage sensor

2.5A
3 Current

Figure 1

In this experimentve explorethe currentvoltage(l-V) characteristics of variouslectroniccomponents.

@ Equipment

SAyaidSAayand dconapltér &ith MiLAB Desktop
Voltage sensot2.5 V (or° 25 V)

Current sensof 2.5 A

Metal wire stretched on a ruler

Light bulb (3.5 V)

Diode

1.5 Vbattery with battery holder

Rheostat £15W)

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

| 107|



| 1-V Characteristics of a Wire, a Light Bulb and a Diode |

@ Equipment Setup Procedure

Launch MILAB Desktd| ¢ ).
[ 2yy SO0 GKS / dNNByid aSyazN (12 BRFTazBAYKS I BANGS 2y (I
I 2yySOG GKS z2fdF3S aSyaz2N (2 BAFaFABAYKS I ANILS 2y O
Assemble the electric circuit as showrFigure 1
a. Connect the rheostat as\altage divider
b. Gonnect the Current sensor and the metallic wire in series withrttemstat
c. onnect the Voltage sensam parallelwith the wire.
5. You can choose to work with one 1.5 V battery or with thte® Vbatteries depending orthe
Voltage sensor availabte you (see Figures 1 and 2).
6. IntheCurrent Setup Summarywindow choosd-ull Setupand use the table below to set up the
experiment. Make sure that only the Current and Voltage sensors are selected Medsurements
7. Make sure to choose th¥oltage alondghe x-axis.

el

Voltage
+ Wire + sensor
—_ i
) Current
sensor
sl S
Figure 2

@ Current Setup Summary

Program the sensatto log data according to the following setup:

Sensor: Voltage £2.5 V) or £25 V)
Measurements: Voltage (V)

Current Reading: Set(sets as zero)
Sensor: Current 2.5 A)
Measurements: Current (A)

Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 20
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e
Procedure

SelectRun( _J) to enable data recording

Collect the data manuallBelectManual Samplind @) on themain toolbar each time you wish to
record a data sample.

Place the sliding terminal of the rheostat in a low voltage position and record the first data sample.
Change the potential difference between the terminals of the wiegin with lower values and

gradually increase the voltage. After each change record the data. Do not measure currents higher
than 2.5 A.

1.5 —a -15
.,-H"'

c f(x) = 10.49X+0.0013 //,/
S.:/ 1 - f.ﬁ’. SEG |
5 T —
3 os4 2 W - C_urrent _ —05

/‘ — = Linear Fit
4-4-""/
o
U_T ) | ! | ! | ! | ! | ! | ! | J | 0
0 002 004 006 008 04 012 014 0416
Voltage (V)
Figure 3

Saveyour data byselectingSave ( H) }from the Basic Toolsvindow on the uppemenubar.
Replacahe wire withthe diode and repeat the experiment.
Replacahe diodewith the light bulb and repeat the experiment. Each time you change the voltage

wait a few seconds for the bulb to reafiil brightnessand thenselectManual Sampling @).
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0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Analyze the results for the metallic wire:
a. Use either aingle cursol ~, ) to fit the entire graph otwo cursors( /4, ) to specificy a
region of the graph.
b. SelectCurve fit( ./ ) fromthe Analysiswindow on the upper menu bar.

c. IntheCurve fitwindow which opens, choodéanearfrom the Curve fitdrop down menu.
d. The fit equation will be displayedext to the second cursor.
2. The value of the slope is the resistance of the wire. Record this value in your notebook.
3. Repeat this procedurtor the other electronic components (the diode and the light bithyreatel-V
graplsfor all of the components examined

o Further Suggestions

1. Repeat this procedure wittlifferent lengthsof the wire andcreate a graph of Resistance vs. Wire
length.

8. Bymeasuring the diameter of the wire you may calculate the resistivitfthe metal. You may want
to compare different metals.

2. During the experiment with the light bulb you may use a Light sensor simultaneously with the Voltage
and Current sensors. Yourcthen compare the power output with the light intensity (see FiglireT o
display a graph of the power:

a. SelectMath functions( f,, +) fromthe Analysiswindow on the upper menu bar.

b. IntheMath function window which opens, choogddultiply from the Functiondrop down

menu.
c. IntheGldrop down menu select the current and in t&2drop down menu select the
voltage.
el —-16
—14
—12
-10 _
x
-8 %
B
—B
—4

y | s | ! | ! | . |
1 15 2 25 3
Time(s)

Figure 4
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Chapter 28

Resistance of a Wire

Voltage
Sensor

Current
Sensor

Figure 1

@ Intfroduction

The resistance of a wire depends on its length, its cross settoea and on the material it is made from.
The resistancé&?of a wire is given by:

1)

ol =

Where:

M The specific electrical resistance of the materiesistivity
b The lengthof the wire

A = The cross sectional ared the wire

In this experiment we will explore thiglationship
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@ Equipment

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

SAyaiSayanf dcanputetivith MiLAB Desktop

Voltage sensor@.5 V)

Currentsensor(®° 2.5 A)

Resistance wire stretched on a 50 cm ruler (Nichrome, diameter: 0.25 mm)
Optional: Resistance wire stretched on a 50 cm ruler (Nichrome, diameter: 0.5 mm)
1.5 V batterywith battery holder

Connectingvires

Alligator clip

Switch (On/Off)

Caliper

@ Equipment Setup Procedure

PwnN P

o

Launch MiLAB Desktd] ¢ ").

Connect the Current sensorto one of the portson$ha y a G SAy.nu[ I oal G S

Connect the Voltage sensor to one of the portson$he y a 6 SAy.u[ F oal 4§

Short circuit the two leads of the Voltage sensor and short circuit the two leads of the Current sensor.
To short circuih sensor connect the positive (red) antegative (black) lead

Disconnect the two leads of the Voltage sensor and the two leads of the Current sensor.

Assemble the circuit as shown in Figure 1 and Figure 2.

[
Al |-
+ +| \Voltage -
——— sensor ]
= 2
Current - ““
sensor
+ B
Figure 2

Note: Make sure to connect the sensors with the correct polarity. The red lead of the sensor is the ppsitive

input and the black isegative

©

Use the alligator clip to connect to any point on the resistance wire (Point A in Figure 2).
Makesurethat the switch is in the Off position.

In the Current Setup Summarwindow choose~ull Setupand use the table below to set up the
experiment. Make sure that only the Current and Voltage sensors are selected Medsurements
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0 Current Setup Summary

Program the sensetto log data according to the following setup:

Sensor: Voltage £2.5 V)
Measurements: Voltage (V)
Current Reading: Set (sets as zero)
Sensor: Current 2.5 A)
Measurements: Current (A)
Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 10

6 Procedure

Use the Calipeto measure the diameter of the resistance wire.
Clip the alligatoclipto the resistance wirat the 10 cm mark.

1
2
3. SelectRun( J‘) to enable data recording
4

Open theMeter Window ( _:E|) from the Work Spacemenu bar. Use th®igital ( =2 ) display option.

Repeat to open one window for each sensor. Use the dropdown menu to select the Current sensor in
one Meter Window and the Voltage sensor in the other.

5. Collect the data manuallBelectManual Sampling @) on the main toolbar each time you wist

recorda measurement

Turn the switch to the On position.

Record the voltage and current values in your data table.

Turn the switch to the Off position.

Clip the alligatoclipto the resistance wire next to the 15 cm mark and repeat stfus8.

10. Increase the resistance wire length by measures of 5 cm until reaching 50 cm and repeéttst8ps
for eachlength.

11. SelectStop( J‘) to stop collecting data

© N
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Data Table

Diameter of the wire mm
Cross sectional area of the wire cm?

Length of Wire (cm) Voltage (V) Current (A) Resistancele

10

15

20

25

30

35

40

45

50

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

No ook~ owbd

Use Ohm's lawM=IR) and the datafrom your tableto calculate the resistance for every length of wire
in the data table. Record dse values in the Resistance column of the table.

Plot a graph of the resistancgk EA 40 @& ® (ixaSis).g ANBQa f Sy3aidK o
Fit a straight lindo your data pointghat passes through the origin

Does your graph agree withquation(1)?

What are the units of the slope?

What is the resistance of the wire per unit length?

UseEquation(1) to calculate the specific electrical resistance of the material.

o Further Suggestions

1.
2.

Repeat the experiment with a wire of the same material but of a different cross section area.
5A40dzaa GKS RSLISYRSyOS 2 TseftinwredNBSaralil yoS 2y
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Chapter 29

Resistors in Series

Resistors

Switch Battery

Voltage
Sensor =

Current
Sensor

T iee s

o

Figure 1

Resistors can be connected in series; that is, the current flows through them one after anotheirctiite

in Figure 1 and Figure 2 show two resistors connected in series. The arrow indicates the positive direction
of the current.

Since there is only one path for the current to travel, the curggedsinghrough each of the resistors is

equivalent
—_ 4
y e
= II_‘+ ”

— H ——
Figure 2

The voltage drops across the resistors must add up to the total voltage supplied by the battery.
Resistors connected in series can be replaced with a single resistor,araélgdivalent resistor, whse
resistanceequals the sum of the individligesistances of theesistors:

2% Y oY 1)

The equivalent resistor will draw the saramount ofcurrent from the battery as the original circwitith
two resistors
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@ Equipment

SAyaidSAyand aconapliténgh MiLAB Desktop
Voltage sensor@.5 V)

Currentsensor(®° 250 mA)

Resistor (1GV)

Resistor (20)

1.5 V batterywith battery holder

Connecting \ves

Switch (On/Off)

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

@ Equipment Setup Procedure

Launch MILAB Deskid @ ).

Connect the Voltage senstraportontheSAy ad SAy.u[ F oal (S

Connect theCurrent sensor taportontheSA ya i SAy.u[ F 6al G5

Short circuit the two leads of the Voltage sensor and short circuit the two leads of the Cseresor.
To short circuia sensor connect the positive (red) and negative (black) leads.

Disconnect the two leads of the Voltage sensor and the two leads of the Current sensor.

6. Assemble the circuit as shown in Figure 1 and Figure

PowonN PR

o

Current
sensor
—p +
M 1 e
+ u - -1 +
R, R,
1 1 =
o
L
\/oltage
sensor
Figure 3

Note: Make sure to connect the sensors with the correct polarity. The red lead of the sensor is the ppsitive
input and the black is negative

7. IntheCurrent Setup Summarywindow choosd-ull Setupand use the table below to set up the
experiment. Make sure that only the Current and Voltage sensors are selected Medsurements
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@ Current Setup Summary

Program the sensetto log data according to the following setup:

Sensor: Voltage £2.5 V)
Measurements: Voltage (V)
Current Reading: Set (sets as zero)
Sensor: Current £250 mA)
Measurements: Current (mA)
Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 10

@ Procedure

8.

Turn the switch to the On position.
Open theMeter Window ( ﬁ‘) from the Work Spacanenu bar. Use th®igital ( &= ) display option.

Repeat to open one window for each sensor. Use the dropdown menu to select the Current sensor in
one Meter Window and the Voltage sensor in the other.

SelectRun( J) to enable data recoraig.

Collect the data manuallySelectManual Sampling @) on the main toolbar each time you wish to
record a data sample.
SelectManual Samfing ( @) andrecord the voltageand currentvaluesin your data table.

Connect the leads of the Voltage sensor across resit@electManual Sampling @) and record
the voltage value in your data table.

Connect the leads of the Voltage sensor across resit@electManual Sampling @) and record
the voltage value in your data table.

SelectStop ( 1’)}) to stop collecting data.

Note: If the current value is displayed in mA you have to divide iL®§0 to convert the value to.A
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Data Table
Description Symboland Unit Procedure Step Value
Voltage applied to both resistor V (V) 5
Current I (A) 5
Voltage acros& Vi (V) 6
Voltage acros8 Vz (V) V2 (V)

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLABDesktop

1. What is the relationship between the voltage applied to both resistbfsthe voltage acros& (14)

and the voltage acros& (14)?

2. ! aS h KY@=#R)dnhd data from your measurements to calcula®e
YR Renskocafcti®e®. & 2 dzNJ Y S| a dzNB Y

3. 148 hKYQ& [ ¢

4, VLI e hKYQa [l¢g G2 GKS O2YLX SGS OANDdz

REQUIVALENT

5. What is the relationship betweef, / and Rquivael Does it agree witkquation(1) in the

Introduction above?

o Further Suggestions

Plan and perform an experiment to demonstrate thia¢ current is the same at glbintsalongthe circuit.
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Chapter 30

Resistors in Parallel

Resistors

Switch == Battery

Voltage
Sensor

Current
Sensor

Figure 1

Resistors can be connected in such a way that they branch out from a single point (known as a node), and
join up again somewhere elsdongthe circuit. This is known as a parallel connection. Each of the two
resistors in Figurg provides aseparatepath for current to travel between points A and B. The arrow
indicates the positive direction of the current.

—> + '\.

A
ZE
—
B

Figure 2
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At point Aalong tre circuit,the potential must be the same for each resistor. Similarlypcnt Balong the
circuit, the potential must also be the same for each resistor. So, between points A and B, the potential
difference is the same. That is, each of the tesistors in the parallel circuit must have the same voltage drop.
Also, the current splits as it travels frgooint A to point B. Therefore, the sum of the currents through the
two branches is the same as the current at A and at B (where the currentglimbranch reunite).
Resistors connected parallelcan be replaced with a single resistor, cabbetequivalent resistor.

The reciprocal of theesistance of theequivalent resistor equals the sum of the reciprocals of the
resistances of théndividualresistors:

p P
YooY Y ®

The equivalent resistor will draw from the battery the same current as the original circuit.

@ Equipment

1 SAvyailSayand dconapliter &ith MiLABesktop
1 Voltage sensor@.5 V)

91 Currentsensor(®° 250 mA)

1 Resistor (1GV), Resistor (2W)

1 1.5V batterywith battery holder

1 Connecting \ives
1 Switch (On/Off)

@ Equipment Setup Procedure

Launch MILAB Deskid| @ ).
Connect the Voltage senstraportontheSA y a0 SAy.u[ F 6al (S

Connect theCurrent sensor taportontheSA ya i SAy.u[  6al (S
Short circuit the two leads of the Voltage sensor and short circuit the two leads of the Current sensor.
To short circuia sensor connect the positive (red) and negative (black) leads.

5. Disconnect the two leads of the Voltage sensor and the two le&tlse Current sensor.

o P
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6. Assemble the circuit as shown in Figure 1 and Figure

— + e
° ° = J_ ‘
. | e
—— R, R,
jm— —»
Current -
sensor —— M
A BT

o

'

Figure 3

Note: Make sure to connect the sensors with the correct polarity. The red lead of the sensor is the ppsitive
input and the black is negative

7. IntheCurrentSetup Summaryindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only théoltageand Currentsensors are selected undbteasurements

@ Current Setup Summary

Program the sensatto log data according to the following setup:

Sensor: Voltage £2.5 V)
Measurements: Voltage (V)
Current Reading: Set (sets as zero)
Sensor: Current ¢£250 mA)
Measurements: Current (mA)
Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 10

@ Procedure

Turn the switch to the On position.
2. Open theMeter Window ( ﬁb from the Work Spacemenu bar. Use th®igital ( = b display option.

Repeat to open one window for each sensor. Use the dropdown menu to select the Current sensor in
one Meter Window and the Voltage sensor in the other.

3. SelectRun( J) to enable data recording

4. Collect the data manuallySelectManual Sampling @) on the main toolbar each time you wish to
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record a data sample.

SelectManual Samfing ( @) and record the voltageand currentvaluesin your data table.

Rearrangehe circuit to measure the current that flows through resiskr Removethe Current

sensor, connect the negative terminal of the battery directly to p&@and comect the Current sensor
betweenresistorR; and pointB (seeFigure4).

7. SelectManual Samplind @) and record the current value in your data table.

8. Rearange the circuit to measure the current that flows through resifeor

— > + \
- AJ. J.
+
" R, R,
j=ro)
T+
Current
Sensor
B -
Figure 4

9. When you have collected all the data you neeellectStop(J]) to stop collecting data.

‘ Note: If the current value is displayed in mA you have to divide iLt®90 to convert the value to.A

Data Table
Description Symbol and Unit Procedure Step Value
Voltage applied to both resistor V (V) 5
Currentthrough battery I (A) 5
Current throughR, 11 (A) 7
Current throughR, I (A) 8

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. What is the relationship between the current that flows throule battery (), the current through;
(1) and the current througtR. (12)?

G2 Of

2. ! 4SS h K Y(\&HR) andldata from your measurements to calcul&®e
3. 1'aS hKYQa [F¢ YR RIFEGFE FTNRBR. €2dzNJ YSI adz2NBYSyida
4. LI @ hKYQa [Feg (2 ldukts thdepuiwalnSasiStanceoMNId dizkuit,
I:\)EQUIVALENT
5.  What is the relationship betweeR;, R, and RequivaLesdr Does it agree witkquation(1) in the
Introductionabove?
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Chapter 31

Resistors in Mixed Connection

Batteries

Current
Sensor

Voltage
Sensor

Figure 1

@ Introduction

If there are more than two resistors in a network theyay beconnected in a combination of series and
parallel connections. FiguZshows two resistor& and R, connected in parallel. They in turn are
connected in seriewith Rs. The arrow indicates the positive direction of the current.

—_— + .\.

A
+
N R, R,
=
Current
Sensor D
R,
(@ B
— I
Figure 2
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To calculate the equivalent resistance we must first calculate the equivalent resistatite two resistors
in parallel,R; and R:

p p P
Y Y Y .

Then add this td?; to get the total equivalent resistance of the circuit:

Y YooY )

@ Equipment

=A =4 =4 A4 -4 -4 -4 -4 -

SAyaiSAa yand dconapliter &ith MiLAB Desktop
Voltage sensor@.5 V)

Currentsensor(®° 250 mA)

Resistor (20V)

Resistor (3GV)

Resistor (8\)

1.5 V batterywith battery holder

Connecting \ves

Switch (On/Off)

@ Equipment Setup Procedure

o P

© N o g

Launch MILAB Deskid| @ ).

Connect the Voltage senstraportontheSA ya i SAy.u[ F 6al (S

Connect theCurrent sensor taportontheSA ya i SAy.u[  6al G5

Short circuit the two leads of the Voltage sensor and short circuit the two leads of the Current sensor.
To short circuia sensor connect the positive (red) and negative (black) leads.

Disconnect the two leads of the Voltage sensor and the two le&tlse Current sensor.

Connectthe Current sensor in seri@gth Rs so that it measures the current throughs.

Connecthe Voltage sensor betwegoints A andC(see Figure).

Inthe Current Setup Summarwindow chooseFull Setupand use the table below to set up the
experiment. Make sure that only théoltageand Currentsensors are selected undbteasurements
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0 Current Setup Summary

Program the sensetto log data according to the following setup:

Sensor: Voltage £2.5 V)
Measurements: Voltage (V)
Current Reading: Set (sets as zero)
Sensor: Current £250 mA)
Measurements: Current (mA)
Current Reading: Set (sets as zero)
Sampling: Manual

Samples: 10

s
Procedure

© ® N o G

10.
11.
12.
13.

14.

Turn the switch to the On position.
Open theMeter Window ( _:E| ) from the Work Spacemenu bar. Use th®igital (= ) display option.

Repeat to open one window for each sensor. Use the dropdown menu to select the Current sensor in
one Meter Window and the Voltage sensor in the other.

SelectRun(‘J) to enable data recording

Collect the data manuallBelectManual Sampling( .‘/)) on the main toolbar each time you wish to
record a data sample.

SelectManual Sampling @) and record the voltage drop acroal the resistorsn your data table.
Connect the Voltage sensbetweenpoints A and B (see Figure 2).

SelectManual Samplind Q) and record the voltagdrop acros$x; andR; in your data table.
Gonnect the Voltage sensor between points B and C (see Fyure

SelectManual Sampling @) and recordboth the voltage drop acrosR®; and the currenthat flows

through itin your data table.
Rearrange the circuit to measure the current that flows through resiRigsee Figure 1).

SelectManual Sampling .‘/)) and recordthe current value in your data table.
Rearrange the circuit to measure the current that flows through resigior
SelectManual Samplind @) and recordthe current value in your data table.

When you have collected all the data you nmﬂectStop(i_J..).

Note: If the current value is displayed in mA you have to divide it®§0 to convert the value to.A
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Data Table
Description Symbol and Unit| Experimental Procedure Stepg  Value
Voltage applied to all three resistors VadV) 5
Voltage drop acrosi; andR. VadV) 7
Voltage drop acrosBs VadV) 9
Current throughR, I> (A) 8
Current throughRs 13(A) 9
Current throughRy 11(A) 10
Current throughR, 12(A) 12

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. What is the relationship between the current that flows througf(ls), throughR; (I1) and throughR.
(R)?
2. What is the relationship between
a. The voltage applied tthe resistometwork - Vac?
b. Thevoltagedrop acrossR; andR; - Vag?
c. The wltage drop acrosis - Ve&?

4SS h K Y\&R) apdidata from your measurements to calcul&e
aS hKYQa [I¢ FyR RFEGI FNBR. 82dzNJ YSI adz2NBYSyda G2 OFf

4S8 hKYQa [l ¢ FYR RFEGF FTNBR &2dzNJ YSI adzNBYSyida G2 Ot
LY & hKYQa [Feg (2 GKS O2YLX SGS OANDdzAG G2 OF t Odzf + (¢
RequivaLent
7. What is the relationship betweeR;, R;, Rs and Requivaei® Does thisnatch Equation(2) in the
Introduction above?

o gk~ w
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Chapter 32

Connections of Batteries

\

Voltage Current
Sensor Sensor
Figure 1
A battery is characterized by its electromotiegce,i , and internal resistance,
The voltage drop across the batterl)is given by:
o - 'O )

Where
| = The current dawn from the battery

If two identical batteries are connected in series the effective electromotive fanceinternal resistance
are:

-G 2
i od (3)

If two identical batteries are connected in parallel the effective electromotive force and internal resistance are:

- (4)
i - (5)

In this experiment we will examine theselationships.
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@ Equipment

1 SAyaiSAyanddconaplitér &ith MiLAB Desktop
1 Voltage sensof° 2.5 V)

1 Currentsensor 2.5 A

1 1.5V batterywith battery holder(2)

1

1

1

Resistor (AV, 5 W)
Connecting \ves
Switch (On/Off)

@ Equipment Setup Procedure

Launch MIiLAB Desktd| ¢ ").

Connect the Voltage senstraportontheSA ya i SAyu[ F 6al (5

Connect theCurrent sensor taportontheSAy ad SAyu[ F oal S

Short circuit the two leads of the Voltage sensor and short circuit the two leads of the Current sensor.
To short circuit the sensors, connect the positive (red) and negative (black) leads.

Disconnect the two leads of the Voltage sensod ¢he two leads of the Current sensor.

6. IntheCurrent Setup Summarywindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only théoltageand Currentsensors are selected undbteasurements

PwnN P

o

e Current Setup Summary

Program the sensatto log data according to the following setup:
Sensor: Voltage £2.5 V)

Measurements: Voltage (V)

Current Reading:

Sensor:

Measurements:

Current Reading:

Sampling:

Samples:

Set (sets as zero)
Current 2.5 A)
Current (A)

Set (sets as zero)
Manual

10
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e
Procedure

Batteries in series:
1. Assemble the equipment as shown in Figure 1 and Figure 2.

o S
+ J-
Voltage + —
sensor i
R
+
- — Current
= sensor
T
Figure 2

Note: Make sure to connect the sensors with the correct polarity. The red lead of the sensor is the p
input and the black is negative

psitive

2. Make sure the switch is in the Off position.
3. Open theMeter Window ( ﬁ‘) from the Work Spacemenu bar. Use th®igital ( ©= ) display option.

Repeat to open one window for each sensor. Use the dropdown menu to select the Current sensor in

one Meter Window and the Voltage sensor in the other.
4. SelectRun( () to enable data recording

5. Collect the data manuallBelectManual Sampling( Q on the maintoolbar each time yowvish to
record a data sample.

6. SelectManual Sampling Q) to make thefirst reading. Record the values in your data table.

7. Turn the switch to the On position.

8. SelectManual Samplind Q) to makethe second reading. Record the values in your data table.

9. Return the switch to the Off position.

Batteries in parallel
1. Rearrange the circuit as shown in Figure 3.
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PR J-
\oltage 4
sensor + + R
¢ ] '
- Current
sensor
e

Figure 3
Make sure the switch is in the Off position.

SelectManual Samplind @) to makethe third reading. Record the values in your data table
Turn the switch to the On position.

SelectManual Sampling(‘@) to makethe fourth reading. Record the values in your data table.
Return the switch to the Off position.

SelectStop ( @) to stop collecting data.

N o o b~ wDd

Data Table
Batteries in series

Voltage (V) Current (A)

Switch is off

Switch is on

Batteries in parallel

Voltage (V) Current (A)

Switch is off

Switch is on

0 Data Analysis

For more informathin on working with graphs se®/orking with Graphs irMiLAB Desktop

1. Explain why, when the switch is in the Off positithre voltagereadingrepresentsthe electromotive
force of the batteries.

2. UseEquation(1) to calculate the effective internal resistancesch ofthe different connections.

3. Do your calculations agree with expressionsaf®) (3)?
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Chapter 33

Charge Measurements in
a Parallel Plate Capacitor

i W .
Dk

ual!

iz 4l

’P .; J’p ® 0 60 %0

Tid 4[]

C=ch
-

Electrostatic '\
Charge “Charg® o :

Sensor

Figure 1

@ Introduction

A capacitor is an eleaniccomponent that is able to store electric charge. A parallel plate capacitor is
composed of two parallel conductive plates that are placed close to each other. When connected to a
power supply the inside surfaces of the plagee charged with equal and ppsite charges. The charge on
each plate is proportional to the applied voltage:

0 6w 1)

Where:

@ = The magnitude of the charge on each plate

C = A constant called capaeiicethat depends on the geometrical and physical properties of the
capacitor

IV = The applied voltage

In this activity we will explore the charge a parallel plate capacitor.
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@ Equipment

SAyaidSayand dconaplitér ith MiLABesktop
ElectrostaticCharge sensor

Test leads with BNC connector

Faradayice pail

Metal plate with handle (2)

Right angle clamp (2)

Sand (2)

Black banana lead

Red banana lead

High voltage power supply

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

Charge sampler

@ Equipment Setup Procedure

Launch MiLAB Desktcﬁié ").

Connect theElectrostaticCharge sensor to one of the portsontfer ya G SAy.u[  6al (S

Connect the test leads to the Electrostatic Charge sensor.

Assemble theequipment as shown in Figure 1.

Connect the red lead of thElectrostaticCharge sensor to the inner cylinder of tharadayice pail.

Connect the black lead to the outer cylinder of fh@radayice pail.

Use the red banana lead to connect one plate to the +3 kV sackiee high voltage power supply

(see Figure 2).

8. Use the black banana lead to connect the second plate te3he&/ sockebf the high voltage power
supply (see Figure 2).

9. Position the two tes parallel to each other so that the distance between them is 3 cm (see Figure 2).

10. In theCurrent Setup Summarwindow choose~ull Setupand use the table below to set up the

experiment. Make sure that only thelectrostaticCharge sensor is selectedder Measurements

Noos~wDd R

’ Note: You may need to ground the outer cylinder of tharadayice palil ‘

e Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: ElectrostaticCharge
Range: +0.025 pC
Measurements: Charge +0.025 (uC)
Current Reading: Set (sets as zero)
Rate: 10 samples per second
Samples: 1000

Duration: 1 minute 40 seconds
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@ Procedure

NP

©

Turn on the power supply.

Adjust the power supply's output voltage to 5 kV.

Shortcircuitthe two leads of theElectrostatic chargeensor. To short circuit the sens@onnectthe
positive (red) and negative (black) leads.

SelectRun(u‘Q) to begin recording data.

Touch the inside of the plate that is connected to the positive terminal of tiveepsupply with the
charge sampler (see Figure 2).

Figure 2

Lower the charge sampler into the inner basket of Ba@adayice pail. Record the data logger's
readings in your data table.

Shortcircuitthe two leads of theElectrostatic chargsensor.

Ground the charge sampler to remove its charge.

Touch the inside of the plate that is connected to the negative terminal of the power supply with the
charge sampler, and then repeat step 7.

10. Adjust the output voltage of the power supply to 4 kV and repeat steps9.
11. Repeat this procedure for all output voltages listed in the data table.
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Data Table
Output Voltage (kV) | Charge on Positive Plate) | Charge on Negative PlateQ)

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Compare the charge on the positive plateth@ charge on the negative plate.
2. Pot a graph of the charge on one plate vs. the applied voltage.

3. Discuss the graph in regard Emuation(1).

4. Apply a linear fit to the plot.

5. Use the linear fit equation to calculate the capacitance of the parallel plate.

o Questions

How are the plates charged?

o Further Suggestions

1. Explore the dependence of the capacitance on the distance between the ptadeswill your
measurementghange if the plates are closer to each other?
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Chapter 34

Charging and Discharging a Capacitor

Resistance

Capacitance box
box

Switch

Voltage

Sensor Batteries

Figure 1

When acapacitor and a resistor are connected in series to a DC voltage source the charging rate decreases
as time passes. The charging curréng given by:

0 o0 ®

Where

= The current at timet=0
The resistance

The capacitance

lo
R
C

The voltageV/across the capacitor gradually increases according to the following formula:
w -p Q 2

Where
@ = The electromotive forceEMH of the source

When the chargedapacitor is connected to a resistor, it will discharge and the potential difference across
its terminals will exponentially decrease:
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® 0 3
Where
Vo = The initial voltage of the capacitor
The natural logarithm oEquation(3) is:
0
N 4
N T 4)

AndInV as a function of time is a straight line with slope

@ Equipment

SAyaiSA yanf aconaplitér ®ith MiLAB Desktop
Voltage sensor
Box of capacitors

1.5 V batterywith battery holder(3)

1
1
1
1 Box of resistors
1
1 Switch with one pole and two positions (1P2T)

@ Equipment Setup Procedure

1. Launch MILAB Desktd| g ‘).

2. Connect the Voltage sensor to one of the portsonéhe y a 6 SAy.u[ F 6al (5§
3. Assemble the electric circuit as shown by Figures 1 and 2:

A, R
b L ]
Voltage
e |, + € +|  sensor

— []

Figure 2

4. Select a capacitor of 1066 and resistors of 500, 1000 or 2080

5. Attach the red plug of th&oltage sensor to the higher potential terminal of the capacitor, as the
Voltage sensor only measures in this polarity.

6. IntheCurrent Setup Summarywindow choosé-ull Setupand use the table below to set up the
experiment. Make sure that only the Voltagensor is selected unddfeasurements
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| Charging and Discharging a Capaditor

@ Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor:
Measurements:

Current Reading:

Voltage £2.5 V) or £25 V)
Voltage (V)

Set (sets as zero)

Rate: 10 samples pesecond
Samples: 1000
Duration: 1 minute 40 seconds
@ Procedure
a2@S (KS abéh (LOKA NiRA AigKaBd wed § fevCskcdriNi® the capacitor to be

completely discharged.
2. SelectRun( J) to begin recording data.
3. { ¢ A0 OK atli 2LJ2(%SarhaRayying the capacitor.

4, 2 KSy GKS OFLI OAG2NI Aa TFdzfEeée LRRANRER Y2085 0R8Ra 6K
process.
4 -
3
e i
@
[®))
£ 24
o
> d
L =
0 v I T 1 T ] T I ! 1 T i
0 5 10 15 20 25 30
Time(s)
Figure 3

5. Saveyour data byselectingSave ( H) ’from the Basic Toolsvindow on the uppemmenubar.

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Zoom inon the discharge part of the graptsing theZoomtool ( ©, ) on theGraphtoolbar (see
Figure 4).
2. Usetwo cursors( 4,) from the Graphtoolbartod St SOG4 G KS LI NI 2 7F

or near zero voltage values (see Figure 4).

| 137]

GdKS 3N

&

0

R

0Kl



| Charging and Discharging a Capaditor

35
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5 {
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Time(s)
Figure 4

3. SelectMath functions ( {,, +) fromthe Analysiswindow on the upper menu bar.

a. IntheMath function window which opens, choodenfrom the Functiondrop down menu.
b. IntheGldrop down menyselect thevoltage This will give a graph of\fvs. time (Figure 5).
4. Next, fit a line to your processed data:

a. SelectCurve fit( .7 -) fromthe Analysiswindow on the upper menu bar.

b. In theCurvefit window which opens, choodanearfrom the Curve fitdrop down menu.
c. The fit equation will be displayedext to the second cursor

15
1
05—+
0
o 054
(o)) f
© 14
=
(@] -
< 154
£ J
ki
254
-3 ! I ! | ! I ' | ! | ' | ! | ' |
145 15 155 16 165 17 175 18 185
Time(s)
Figure 5

5. Verify that your results fit the theoryEquation(4)) by comparing the slope to its predictgdlue:
P ¢
WA Oy

o Further Suggestions

1. You can repeat the experiment with different resistors and capacitors.
2. You may use a Current sensor simultaneously with a Voltage sensor. You then have many options:
a. Plotthe derivative of the voltagesthe current

(i) (SelectMath functions( f,, ~) from the Analysis window on the upper menu bar.

(ii) In the Math function window which opens, choose Derivative from the Function
drop down menu.
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| Charging and Discharging a Capaditor

(i) In the G1 drop down menu select theltage.
(iv) The potential difference between the terminals of the capacitor is proportional to

the charge on them, and since the current is the derivative of the charge it is
expected that the voltage derivative will be proportional to the current.

b. Pbttheintegral of the current/sthe voltage.

SelectMath functions( f,, -) from the Analysis window on the upper menu bar.

In the Math function window which opens, choodsgegralfrom the Function drop
down menu.

In theG1drop down menu select the current.
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Chapter 35

Magnetic Field of a Bar Magnet

Figure 1

@ Introduction

A bar magnet is a seemingly ordinary piecenetal that induces a magnetic field in its vicinity
This magnetic field affects any magnetic material that lies within it.
In this experiment you will explore the nature of the magnetic field that surrounds a bar magnet.

@ Equipment

SAyaidSAayand dconapltér &ith MiLAB Desktop
Magnetic Field sensor

1

1

 Bar magnet
1 Ruler (nhonmetallic)
1

Clear tape
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@ Equipment Setup Procedure

1. Launch MiLAB Deskid( ).

2. Connect the Magnetic Field sensor sensor to one of the ports o6they 8 G SAy.nu[ | 6al G S

3. Tape the ruler to theéabletop using clear tape.

4. Place the bar magnet next to the ruler so that the 4 cm mark on the ruler sits near one edge of the bar
magnet (see Figure 1).

5. Use the pull down menu in th@urrent Setup Summarnwindowto select the Magnetic Field sensor.

6. IntheCurrent Setup Summarnwindow chooserull Setupand use the table below to set up the
experiment. Make sure that only the Magnetic Field sensor is selected Whel@surements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Magnetic fieldt10 mT
Measurements: Magnetic (mT)
Sampling: Manual

Samples: 50

e
Procedure

1. Position the edge of the magnetic probe on the zero mark of the ruler. Make sure that the probe is
perpendicular to the ruler.

2. SelectRun(|()) to enable data recording

3. Collect the data manuallBelectManual Sampling g) on the main toolbar each time you wish to
record a data sample.

4. SelectManual Sampling Q)to NBO2NR G(GKS YI3ySieoOmmakkSt RQa A0GNBy3IiK |
Now position the edge of the magnetic probe at the 1 cm mark of the rlaésping the probe
perpendicular to the ruler, theselectManual Sampling @) toNBO2NR GKS YIFI3IySGiad FASEF

at the 1 cm mark
6. Move the sensor along the ruler at 1 cm intervals. Each time take a reading manusdiyetiyng

Manual Samplind @) until you have reached a point 4 cm beyond the other end of the bar magnet.
7. SelectStop(| J_.) to stop collecting data.
8. Saveyour data byselectingSave( H) ’from the Basic Toolsvindow on the uppemmenubar.
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0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

Observe the graph on the MiLAB Desksapeen and answer the following questions

Use the cursorsatread values on the grapfihe point values will be display@dthe information baron

the graph.

What was the strongest positive magnetic field in the vicinity of the bar magnet?

Where on thebar magnet did you measure the strongest positive magnetic field?

What was the most negative magnetic field in the vicinity of the bar magnet?

Where on the bar magnet did you measure the most negative magnetic field?

Where on the bar magnet did you measurero magnetic field?

What can you infer from the fact that the magnetic field around a bar magnet has both positive and
negative values? Will two bar magnets attract or repel each other?

ook wbdNPE

O Further Suggestions

1. Explore the magnetic field of a pairlméir magnets.
2. Explore the magnetic field of a horseshoedhped) magnet.
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Chapter 36

The Magnetic Field Near a
Current-Carrying Wire

......

To power
supply

LILLLLLL LS LLEL LSS

Figure 1

@ Introduction

An electric current produces a magnetic field. When an electric current is running through a londheiire, t
magnetic fieldB ) nearthe wire is given by:

P

0 1)
¢

Where:

to = Thepermeability offree space (thenagnetic constant)

I The current through the wire

r = The distance from the wire

In this experiment we will uséhe Magnetic Field sensor to explore tsegength of themagnetic field near
a long conductive wirvhile it iscarryinga current.
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@ Equipment

SAyaidSAa yand dconapliter &ith MiLAB Desktop
Magnetic Field sensor

Long conductive wire (about 2 m long)

10A DC power supply

Sand (2)

Rght angleclamp(2)

Short plasticrod (2)

Ruler(nonmetallic)

=2 =4 =4 =4 -4 A4 -4 -—a -4

Clear tape

@ Equipment Setup Procedure

1. Launch MiLAB Desktd| ¢ “).

2. Connect the Magnetic Field sensor to one of the ports onStfey a G SA y.n[ I 6 al G S
3. Assemble the equipment as shown in Figure 1.
a. Use the right angle clamps &dtach the plastic rods to the stands.
b. Place one stand on the table and the other stand on the flodowé.
c. Tape the wire to both the plastic rods. Make sure that the wirtigist and touches the
irofSQa SR3ISO®
d. Tape the ruler to theabletop with clear tape. Make sure that the zero markijsagainsthe
wire.
e. Connect the tweends of thewire to the power supply.
f.  Set the sensor switch to the high sensitivity range.
4. Use the pull down menu in th@urrent SetupSummarywindowto select the Magnetic Field sensor.
5. In theCurrent Setup Summarywindow chooséd-ull Setupand use the table below to set up the
experiment. Make sure that only the Magnetic Field sensor is selected Whel@surements

0 Current Setup Summary

Program the sensor to log data according to the following setup:

Sensor: Magnetic Field0.2 mT
Measurements: Magnetic (mT)
Sampling: Manual

Samples: 50

6 Procedure

Position the edge of the magnetic probe on the 1 cm mark of the ruler. Mailethat the probe is
perpendicular to the table edge (see Figure 1).

3. SelectRun( J‘) to enable data recordingCollect the data manuallBelectManual Samplind Q)

on the main toolbar each time you wish to record a data sample.
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| The Magnetic Field Near a Curre@arrying Wird

4. Record the background magnetic field strength at this pdiptselectingVlanual Sampling @)

Record the value igour data table.

Turn on the power supply and adjust it to 10 A.

SelectManual Sampling @) to record the magnetic field strength at this point. Record the value in
the data table.

7. Now position the edge of the magnetic probe on the 2 cm mark of the rkégping the probe
perpendicular to the table edg&electManual Sampliig ( @) again and record the value in the data
table.

8. Move the sensor along the ruler in 1 cm steps. Each time taking a reading manusglgdiing
Manual Samplind ().

9. Saveyour data byselectingSave( H) ’from the Basic Toolsvindow on the uppemenubar.

Data Table

Background magnetic field =

mT = T

Distance from Wire Reciprocal of Distance| Magnetic Field with | Magnetic Field without
(cm) (1/m) Background (mT) Background (T)
1
2
3
4
5
6
7
8
9
10

0 Data Analysis

For more informatin on working with graphs se®/orking with Graphs irMiLAB Desktop

ok e

N o

SelectExport( [9 ) from theGraphtoolbar to export the data as a csv file.

Open the exported data file with an appropriate spreadsheet or graphingram.

Plot a graph of the magnetic field without backgrougehkis) vs. the distance from wire-éxis).
Discuss the graph.

Plot a graph of the magnetic field without backgrougehkis) vs. the reciprocal of the distance from
the wire (-axis)

Fit a straight line that passes through the data points. What are the units of the slope?

Use the slope of the straight line fit to calculatg(the permeability offree spaceor magnetic
constant) Record the result.

Compare your results with the knowralue:t o= 47-107 T-m/A.
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o Further Suggestions

1. Explore the magnetic field as a function of the current.
2. Explore the magnetic field of two parallel long conductive wires carrying current in opposite directions.
3. Explore the magnetic field of twgarallel long conductive wires carrying current in the same direction.
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Chapter 37

The Magnetic Field of a Solenoid
Part A: Measuring B vs. |

To power amplifier

Current sensor

Magnetic sensor

Solenoid

Figure 1

@ Introduction

A solenoid is a type of electromagnet created by winding a wire into a tight helix. When a current runs
through a wire, the current creates a magnetic field around the wire. When a current is passed through the
solenoid's coiled wire, it generates a magidteld in the center of the solenoid cdih this experimenive

will explore the relationship between the magnetic fiéhdthe center of a solenoidnd the currenfpassing
throughthe solenoid's helically wound wire

The magnetic field in the center afsolenoidwill be measured with the help of the Magnetic Field sensor.

At the same timethe current through the solenoidill be measured withthe Current sensor.

Wewill use a signal generator to sweep through a range of currentthat we can produe alive graph of
magnetic field B) vs.current(l).

In the case of a long solengitie magnetic field in the centesf the solenoids given by:

1)

Where:

to Thepermeability offree space (the magnetic constant)
N The rumber of turnsof the wound coil

I The current through the solenoid
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= The length of the solenoid

@ Equipment

SAy adSAyand aconaplitér &ith MiLAB Desktop
Magnetic Field sensor

Current sensor#2.5 A)

Solenoid

Stand to hold the Magnetic Fiet&nsor

Signal generator with power amplifier

@ Equipment Setup Procedure

©CeNoh~wN -

[EY
o

Launch MiLAB Desktd] ¢ ").

Connect the Magnetic Field sensor sensor to one of the ports oBthey & 6 SAy.u[ I 6al (S
Connect the Current sensor sensor to one of the ports ortiey & 6 SAy.u[ F 6 al 4§
Assemble the equipment as shownFigure 1.

Place the Magnetic Field sensor so that its end can be placed at the center of the solenoid.

Set the signal genetar to triangular waveform and its frequency to 0.1 Hz.

{SG GKS 2dziLidzi t S@St a2 GKIG GKS OdaNNByl ¢2yQi
Set the sensor switch to the low sensitivity range.

Use the pull down menu in th@urrent Setup Summaryindowto select the Magnetic Fielsensor.

. In thewindow choosd-ull Setupand use the table below to set up the experiment. Make sure that

only the Magnetic Field and Current sensors are selected udé@asurements

@ Current Setup Summary

Program the sensatto log data according to the following setup:

Sensor: Magnetic Field10 mT
Measurements: Magnetic (mT)

Sensor: Current (2.5 A)
Measurements: Current (A)

Current Reading: Set (sets as zero)

Rate: 100 samples per second
Samples: 2000

Duration: 20seconds

6 Procedure

Place the Magnetic Field sensor so that its end is in the center of the solenoid.
Turn on the signal generator.

SelectRun( J‘) to begin recording data.

The data logger wiliraphthe data from the two sensord'te graphwill showboth the magnetic field
and the current as a function of timeach in a separate col{ffigure2). Check that both the magnetic
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field and the current appear tiollow the same trendChange the direction of the current in the
solenoid and repeat the expenentif the trend is not the same

5. Saveyour data byselectingSave( H) ’from the Basic Toolsvindow on the uppemenubar.
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=
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| ! | ! I ' [ | ! | L ' | ! | ! | ! |
0 2 4 5] 8 10 12 14 16 18 20
Time(s)
Figure 2

0 Data Analysis

For more informathn on working with graphs se@/orking with Graphs irMiLAB Desktop

10

-
E 59
L)
Q 1
LL
L 0
@
c .
(@]
©
> 5
‘10_l i | ) | L | ! ! | i | ! | ! |
-2 A5 -1 -05 0 05 1 15 2
Current (A)
Figure 3

1. Crede a graph of magnetic field wsirrent byselectng the down arrow(wr) from theGraphtoolbar
and choosg Qurrent as yourx-axis measuréFigure 3)
2. Apply dinear fit to the graph:
a. SelectCurve fit( .7 -) fromthe Analysiswindow on the upper menu bar.

b. In theCurve fitwindow which opens, choodgnearfrom the Curve fitdrop down menu.
c. The fit equation will be displayedext to the second cursor.
3. Use the slope of the linear regression to calculaiehe permeability offree space (the magnetic
constant) Write it down in your notebook.

Compare your result with the known valye;= 4 -107 T-m/A.
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Chapter 38

The Magnetic Field of a Solenoid
Part B: Measuring B vs. x

To power supply

L o (TR N

{v]

Solenoid
Distance flag
Sensor

4 Ties T TT Magnetic Field Sensor

Figure 1

A solenoid is a type of electromagnet created by winding a wire into a tight helix. When a current runs
through a wire, the current creates a magnetic field around the wire. When a current is passed through the
solenoid coiled wire, it generates a magndtad in the center of the solenoid colh this experimentve

will map thestrength of themagnetic field along th&ength of a solenoid.This will create a picture of the
magnetic field generated by the electromagnetic solenoid.

In this experiment we @ mapping the magnetic field along the axis of the solenoid.

The magnetic field is measured with the help of the Magnetic Field sensor. At the same time the position of
the Magnetic Field sensor is measured vifie Distance sensor, shat we can produce a graph dfie

magnetic field along the length of the solenoid
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@ Equipment

SAyaidSAa yand dconapliter &ith MiLAB Desktop
Magnetic Field sensor

Standsto hold the Magnetic Fieldensor

1
1
7 Distance sensor
1
1 10x10 cm piece of cardboard or plastic to use Hag
1

D.C. power supply

@ Equipment Setup Procedure

Launch MiLAB Desktd| & b

Connect the Magnetic Field sensor sensor to one of the ports oBthey & 6 SAy.u[ | 6al (S
Connect the Distance sensor sensor to one of the ports oiSthey & G SAy.u[  6al (S
Assemble the equipment as shown by Figure 1:
a. Mount the Magnetic Field sensor on the stand.
b. Attach the flag to the stand on the opposite side of the sensor.
c. Place the Magnetic Field sensor so that its end is 4 cm in front of the solenoid.
d. Place the Distance sensor at least 40 cm away from the flag.
5 { S GKS 2dzildzi f S@St 2F G(KS LIRgSN) adzlli & a2 GKFG (K€
current of thesolenoid.
6. Set the sensor switch to the low sensitivity range.
Use the pull down menu in théurrent Setup Summarnyindowto select the Magnetic Field sensor.
8. Inthewindow choosdull Setupand use the table below to set up the experiment. Make sure that
only the Magnetic Field and Distance sensors are selected Wdasurements

e

~

@ Current Setup Summary

Program the sensatto log data according to the following setup:

Sensor: Magnetic Field10 mT
Measurements: Magnetic (mT)

Sensor: Distance
Measurements: Distance (m)

Rate: 10 samples per second
Samples: 200

Duration: 20 seconds

s
Procedure

1. SelectRun( J‘) to begin recording data.

2. Move the standso that the Magnetic sensor is pointing toward the cergéthe solenoid. Move
slowly. You have 10 seconds before the sampling stops.

3. The data logger wifiraphthe data from the two sensord re graphwill show both themagnetic field
strengthand theposition of the magnetic field sensas a function of timgeach in a separate color
(Figure 2, already zoomed)/hen the magnetic sensor is moved along the length of the solenoid in
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smooth even steps, the graph of the position as a function of time will appear as a straight line (Figure

2).If you suspect thathe motion wa not smooth enough dfé 2 dz RARY Qi a4 dzOO0SSR Ay NBI C

end of the solenoid, repeat the experiment.

4. Save your data by selectigave( H) from theBasic Toolsvindow on the upper menu bar.

10 =132
{ -1
5
-08
g 0 06 E
% i3]
{ -0.4
-5
! -02
10— 1 | 1 | | | 1 | 1 | 1 | 1 | 1 | 1 | 1 |_O
0 1 2 3 4 5 6 7 g 9 10
Time(s)
Figure 2

0 Data Analysis

For moreinformation on working with graphs se@/orking with Graphs irMiLAB Desktop

1. Create a graph of magnetic field vs. positiorsklecingthe down arrow(wr) from theGraphtoolbar
and choofgDistanceas yourx-axis measurg¢Figure 3)

1.2
14
0.8
E05-
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0 | U ] J | y | y | J ! | J | ! ] } | ) |
10 5 6 4 2 0 2 4 6 8 10
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Figure 3

2. Discuss the graph.

3. Use the cursor to read the value of the magnetic field in the center of the solenoid. Write it down in
your notebook.

4. Use the cursoto read the value of the magnetic field the end of the solenoid. Write it down in your
notebook. Itshould be half thef the center value
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Chapter 39

Magnetic Field of Helmholtz Coils

Figure 1

Introduction

Helmholtzcoils are a pair of two circularwound wirecoils having the same radiu®, the same number of
woundturns- N andboth carrying the same currentl. When two such identicaloils are placed parallel to
each otherand separated by distance equal to their radiyshe result is a veryniform magnetic field
between the two coils

Thestrength of the magnetic fiel& in the centerof the Helmholtz pairs given by:

g YOO )
Wp ¢ v
Where:
to = Thepermeability offree space (the magnetic constant)dn-107 T-m/A
N = The rumber of turnsof the wound coil
I = The current through the solenoid
R = Theradius of the coils

In this experiment we wikkxplore the uniformity of tk magnetidield between the pair of coiland how it
is dependent on the distare between the caoils.

The magnetic fielavill be measured with the Magnetic Field sensét.the same timethe position of the
Magnetic Field sensavill be measured withthe Distance sensor, ghat we will be able to creata graph
of magnetic field stength- B as a function of position
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