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Abstract

Using different configurations of a single, inexpensive apparatus, students can:
physically map the electric field due to monopoles and dipoles; qualitatively and

quantitatively explore the magnetic field around a long straight wire; quantitatively

investigate the magnetic field inside a solenoid; qualitatively investigate the magnetic
forces between two current-carrying wires; and investigate the magnetic interaction

between a permanent magnet and a current-carrying wire.

Construction of Apparatus:
Parts List for building 12 Electric Field/Magnetic Field Mapping Apparati

guan | description supplier | cos

1 490« 97Csheet of | Omedium densty fiberboad (MDF) hardware | 2417

1 360x 3/8Cdiameter dowel hardware | .84

2 480k " Odiameter dowels hardware | 2.88

3 106! Oo.d. nonmetallic electrical tubing (ENT) (aka PV C) hardware | 4.17

12 | Plastic coa hange's Dollar 1.50

store
12 | 12Qengthsof 16-2 stranded wire, split (729 hardware | 22.00
24 | Solid 14 gaugewire bentinto 3! Ox 120U-shgpes with hooked ends (600 | hardware | 6.00
total)

12 |0 1 Magneic compasses, water filled, with degree 750

 markings ea
http://www.brasscompass.com/

1 20k 40x 1/80melamine or masonite, cut into 90x 120pieces hardware | 4.00

48 | Sef adhesive feet hadware | 1000

48 | " Oeyehooks hardware | 3.00

12 Rolls of clear tape grocery | 9.00




12 | Pape clips Grocery | .50
120 | thread Grocery | .50
Office Paper

1 Y ard of wool or wool blanket - cut to 80x 80squaes Fabric | 6.
store

1 Aluminumfoll roll or foil tape Groocary | 2.25

12 | 6-D cell Battery packs 12BH160-GR (or subditute power supplies) Mouser | 3.07
Elec. ea

72 D-cell Batteries Grocery | 72.

12  |EEN-TECH Ammeters or digital multimeters Harbor | 3.00

7 FUN-?;Isqr'égl ULTI- Get accurate readings for DC voltage, DC current, AC voltage, Frei ght ea

resistance, transistor test, diode test, and battery test. Easy-to-read 3-
1/2 digit LCD readout, positive set selector switch, and 32" leads.

Automatic zero adjust

Over range indicator

2.5x second sampletime

Low battery indicator

Fuse and diode protected circuit
DC-A: 0-200p A-2000p A-20mA-200mA ; Resistance: 0-200-2000-
20K-200K-2000K ohm; DC-V: 0-200mV-2000mV -20V-200V -
1000V ; AC-V: 0-200-750V

When built 12 at atime, usng batteries for the power supply and induding adigital multimeter, the

cog per deviceis $28.

Cutting diagram to get 12 setupsout of one 490x 970sheet of Medium Density Fiberboard:

K K KKK K

Alongthe4Qdimengon, rip, with pand saw or circular saw, sixteen 30widestrips

Rip theremainde of theboard into four strips 11 50wide.
Cut the 11 5Cstripsinto 16Qengthsfor the bases.

Cut six of the30stripsinto 24Qengths

Cut four of the3Ostripsinto 16Qengths

Cut six of the30stripsinto 12Aengths




Assembly steps: (refer to the diagrambdow)

Drill " Oand 3/8Cholesin the base according to the assembly diagram.

Add sef adhesive feet unde the base.

Cut the 3/80dowe! into 1.50Iong pieces.

Drill a3/80holeto adepth of ! Qinto theendsof the 240x 30and 160x 30legs

Gluethe 1.50dowels into theholesin theend of the legs

Glueand clamp the 12Cside braces between thelegs

Insert two eye screws " Oapart, centered on the botom edgeof each side brace.

Drill a3/80hole to adepth of 20into the opposte end of the 240x 30eg for the clothes hange.

Cut the 20k 4Gsheet of melamine or masonite into 90x 12Cpieces.

Drill a3/80hole in the center of the 90x 120melamine pieces.

Cutthe" Odowel into 40longpieces.

Cut the PVC into 100 ong pieces.

Cut and bend the magne wire into QJOshaped logps Beginning with a300piece, strip two inches of
insulation from each end. Form a hookin one end, make a 90ubend 120away, a second 90dbend 3! O
away and thefind hook 12Caway.

plastic coa hange B
clip off hook

120x 90melamine platform
3/80holein center

-/

drill 3/80hole 20 . /
deep for hange
30x 30OMDF shdf
L’/ between braces
30x 12QVIDF brace
o " Oeye r?&ksqoa:ed 30x 160MDF leg
30x 240MDF leg " Oapart (both sides)
Two 40x " Odia.
dowelsto suppot
PV C pipesfor E- 1 56x 38041
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/ff PPing /(f dowel - drill! O
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Use of Apparatus:

1. Electric Field Mapping

Thebase of theappaatusis used with a40
dowel to suppot aPVC pipe Thepipe
becomes negatively charged when rubbed
with wool. An Gelectrogtatic compass,O
congsting of two tapes separated fromone
another, attached to a straightened pgper clip
and supendal on athread alignswith the
electric field, and tracing the orientation of E j

0
0

—

the compass on sheets of pgper placed onthe
base produes a map of thefield. Two pipes
are u=d when mapping adipole field.

Wrapping oneof the PV C pipes with
aluminumfoil tape makesit possible to * ~ - o e

chargeit postively by indudion. |

Student directionsfor thelab investigaion are induded as Appendix A.

2. Magnetic field of a current carrying wire.
An uppe frameis addel to the base for mapping the magndic field aroundalongstraightwire. The
elevated platform forms theworking surface for investigating the magndic field around thewire with
amagndic compass. Itisvery
important tha this lab bedoneona
surface tha has no current running
undenesath it, and no ferrousmetal
(chars, stedl legs bolts, etc.) near or
init. Theelevated platform solves
these problems. Theplatform rests
ontwo cross braces, andthelegsare
kept from diding by dowels
fastened into thelegsthat fit in holes
in thebase. Theclothes hange,
platform, and bracing are easily
removed for more compact storage
Thewireissuppoted by aplastic
clothes hange. Thewire hanging off
theback of the appaatus can affect

results, so take care to keep it away to batery - o -
from themeasuring platform. A packsor | —

power supply capable of ddivering power /
high currentsis needed for this
investigation. A battery pack with amomentary contact switch may beused, or afused, variable power
supply can beused.

Thefirst investigation is a quditative determinaion of theshape of thefield surroundingthewire by
separating Earth@ magndic effect onthe compass from the effect of the current-carrying wire. A



second set of investigationsquantitatively relates current, distance from the wire, and magndic field
strength. Also needed for thisinvestigation are compasses with goodangle resolution and ammeters.

A deailed description of thelab discussion,
development, and procedure forms
Appendix B.

3. Tangent Galvanometer

A shdf beween thehorizontal arms of the
device can hold either acompass or an
electronic magndic field sensor. Looping
wires aroundthe horizontal arms creates a
tangent gdvanometer where thefollowing

relationships can be explored: to power

1. Magndic field strength vs. supply
Current,
2. Magnéic field strength vs. Number

7z

wire

Compass on shdf
loops

00

of turnsof wire.

4. Investigating the forces between parallel
current-carrying wires

Removethe uppe platform and add two QJO
shgped wire loopstha hookinto theeye screws
and swing freely. Theendsof themagné wire
should be stripped of insulation so that
connecting the eye hooksto the power supply
allows students to quditatively investigae the
forces between wires carrying paallel and anti-
paalle currents.

connect eye hooks
to power supply

wire
loops

5. Investigating the forces between a current-
carrying wire and a permanent magnet

When onewireisremoved, aneodymium or
horseshoemagne can be used to determinethe
relative directionsbeween thedirection of the
force, B-field, and current. The magnes removed
froman old hard drive also work well.

connect eye hooks
to power supply

40

- émagn.et— /




Appendix A:
Electric Charge Behavior and Interactions Model:

Mapping Electric Fields Lab

In thelab youwill look at the electric force on an "electrodatic compass" and use your observationsto
identify the key propeties of theelectric field. You will specificaly look at theelectric field created
by asingle"-" charge asingle"+" charge,
two unlike charges, two like charges, and a
single"-" chargeand a conduding sheet.

0
0

For each part of thelab, the setup will be
involve variationsof the setup shown in the
diagram ontheright

[] Woodbase and two " Odowels

[] three 100PV C pipes, onecovered with
aluminumfoil

[] wool

[] roll of magic tape
[] thread tied to straightened out pgper clip - — - J e
[] 4-5 pieces of 85" x 11" pgper.

Making an electrogatic compass:
We have seen tha pulling tape off of a surface leaves thetapewith a net charge Using oppostely
charged tapes, we can make a"compass’ where onetapeis attracted and the other isrepdled froma
charged object.

A. Puta6 cm longbase tape on thetable with afolded unde handle.

B. Place two more tapes onthefirst. With a pen, labd the handle of themiddle tape"-" and the handle
of thetapeontop"+".

C. Slowly removethetop two tapes togeher, and then make sure they are not charged by firmly
rubbing thedick sideof thetape

D. Briskly separate the two tapes, and sticky side up, overlap the edges of thetapes
as shown. (Avoid excessive contact with thetape since thiswill dischargeit.)

E. Draw an arrow across thetapesfromthe"-" sideto the"+" sideas shown.

F. Attach the center of thetapes to the straightened out paper clip so thestring
extendsupward from the handles. (See thefirst picturein thislab.)

+ -
#-_

Depending on the humidity, you will need to recharge your tapes periodically by repeeting stepsC, D
andF.



Part 1. The electric field dueto a negatively charged object

1. Center asheet of pgper onthewood platform.
2. Pokea" Odowel throughthe pgpe into the center of the platform.

3. Chargea PV C pipe by rubbingit with wool and slidethe pipe over thedowel.

4. Onthe paper, labd thepiped chage"-".

5. Make sure your electric compass is charged and opeaationd, if
not, follow the stepsto rechargeit.

6. Start with the electric compass very close to the PV C pipe
Draw an arrow on the pgper directly bdow thearrow on thetape
7. Now movethe electric compass farther from the pipe so tha the
new arrow you draw meets head-to-tail with thelast arrow you
drew. Continueuntl your arrows go off theedgeof the page

8. From three other starting points near the PV C pipe, map the
electric field.

9. Save your electric field map and sketch your observed electric
field in thebox ontheright

Part 2. The electric field dueto a podtively charged object

1. Flip over the sheet of pgoe onthewood platform.

2. Replace the PV C rod with afoil-covered rod.

3. Chargethefoil rod by indudion: bringa charged PV C pipenear
thefoil rod and then toud thefoil with yourfinge. PutthePVC
pipeaway and use your electrogatic compass to verify tha thefoll
ispostively charged.

4 Now follow steps4-8 aboveto map theelectric field. (Be sureto
labd the pipe@ charge"+".

5. Save your electric field map and sketch your observed electric
field in thebox ontheright

Questionsfor parts1and 2:

1. Where dotheelectric field lines begin?

2. Wheredothedectricfidd linesend?

3. How many other electric field lines could you have drawn?




Part 3. The electric field due to objectswith unlike charges.

1. Place two pieces of 8.5" x 11" pgper onthe platform and tapethdr edges togeher.
2. Poketwo " Odowels throughthe paper into themost widey spaced holes of the platform.
3. Recharge your electrogatic compass.

4. Chargethe PV C by rubbing with wool.

5. Chargethefoil rod by indudion.

6. Slidetherodsover thedowels and labd ther charges onthe
pape.

7. Map theelectric field as before, starting from the foil-covered
rod. Draw enoughfield lines until you think you could predict
where every field linewould go from any starting point aroundthe
rod.

8. Check with your teacher before you continue

9. Save your electric field map and sketch your observed electric

field in thebox ontheright
Part 4. The electric field dueto objectswith like charges

1. Flip the pgper over.

2. Poketwo " Odowels throughthe paper into themost widdy
spaced holes of the platform.

3. Recharge your electrogatic compass.

4. Chargetwo PV C rodsby rubbing with wool.

5. Slidetherodsover thedowels and labd ther charges onthe
pape.

6. Map the electric field as before, always starting from arod.
Draw enoughfield lines until you think you could predict where
every field linewould go from any starting point aroundtherod.
7. Check with theteacher before you continue

8. Save your electric field map and sketch your observed electric

field in thebox ontheright
Questionsfor parts 3 and 4:

1. Where dotheelectric field lines begin?
2. Where dotheelectric field linesend?

3. How many other electric field lines could you have drawn in each part?

4. Do thefield lines ever cross? Explain why this mug always be so.



5. Predict wha theelectric field dueto two "+" charges by drawing anumber of electric field lines
bdow. Put arrows onyour electric field lines.

Part 5. The electric field dueto a negatively charged object near a conducting sheet

1. Attach an aluminumfoil sheet to abookstood upright or another suitable fixture. Once you have
postioned thefoil, becareful notto toud it so tha you knowthe net chargeon thefoll is zero.

2. Placethe PV C rod about 15 cm fromthefoil sheet and chargetherod.

3. Map thefield between therod and the aluminum sheet. Draw enoughfield lines until you think you
could predict where every field linewould go from any starting point aroundtherod.

4. Save your electric field map and sketch your observed electric field in the box be ow.

condu¢iv/ A
flat plate
L J L ) - L J




Questionsfor part 5:
1. At what angle do electric field lines meet the conduding surface? Wha would happen to electric
charges at the surface of themetal if thefield lines did not meet the surface at this angle?

2. Based on your undestanding of the motion of electric chargesin materials, draw alikely charge
distribution onthe aluminumsheet that produced thefield you observed.

Aluminum sheet

O

3. Where mug €lectric field lines start and end?

4. Carefully draw some electric field lines on your diagram abovetaking into accountyour answers for
guestions1 and 3.

5. Thefield linesyou have drawn for pat 5 look amog exactly like the drawing you madein what
other part of thelab?

a. How are they the same?

b. How are they different?



Appendix B: (Adgpted fromthe Modding Ingruction Program)
Magnetic field exploration around a vertical wire

Purpose
Uponcompletion of this activity students should:

Recognize tha moving chargeis necessary for amagnéic field to be present.

Represent the magndic field arounda condudor or moving chargeusng therightcurl rule.
Distinguish between magnetic fieldsand the electric fieldsin terms of ther origin (moving and
static chargerespectively) aswell asthar paterns(loopsand lines, respectively).

¥ Recognize that like the electric field, theamountof influence decreases with distance fromthe
field@ source.

K K K

Pre-lab discussio n

Pre-lab discussion should begin with a demondration that a small compass will show a deflection
when current runsthroughthewire. Using QopQand hottomOsticky tapes and a simple circuit it can
be shown that the compassisrespondngto anew field, distinct fromtheelectric field. This
condugson arises from the obervation that:

1) the compass only respondswhen thecircuit is closed and 2) both top and bottom tapes are attracted
to thewire, indicating that it@ electrically neutral.

The compass can beintroduced as a QestOfor the presence of amagndic field. Thedirection of the
force onthenorth end of the compassis (arbitrarily) chosen to represent the direction of the magnetic
field. Charge students with thetask of exploring this new field in the vicinity of a current-carrying
wire. Wha doesit look like? Wha hgppenswhen thedirection of the current is reversed?
Quditatively, wha hgppensto the strength of thefield as you move away fromthewire?

Performance note s

Thesetup for thelab isacircuit tha
containsa length of wire tha passes
vertically througha platform. Thelab data
sheet suggests postionsto place the
compass to determine the ook Qof thefield
aroundthewire, when currentisflowingin
each direction. Themagndic field
produced by the current will cause the
needle to deflect from North. Thedirection
of theforce is thedirection of theNorth end

lines of farce

of the compassQdeviation from North.

Careful obervation will show tha the deflection of the needle is somewhat greater
in the NW and SW postionsthan in the NE and SE postionswhen thecurrentis

directed upwards. Students should also note that the compass deflection increases
asthecurrentinaeases. Inthepog-lab discussion, hdp students to recognize tha



thefind needle postionis dueto the supapostion of the Earth® magnetic field and field produced by
the current.

Have students represent thar findingson whiteboads Consder aroundsble discussionto dlicit the
main points of thelab; moving charge creates themagnéic field, thefield lines form closed loops and
thefield weakensas you move away fromthe source. Because thedirection of thefield at agiven
point in space is defined as the direction of theforce on the North end

of the compass, therighthand Gurl ruleOshould fall out as a natural

conequence: when thethunb of your righthand pointsin thedirection

of postive chargeflow, thefingea's of tha hand naurally curl in the

direction of thefield. Thusthe picture of thefield that is eventudly

settled uponshould look like this (in the case of chargeflow toward the

viewer):

Introduce the convention of dots = to represent afield or current
directed toward theviewer, and crosses & for quantities directed away
fromtheviewer.

Measuring the magnetic field due to current in a wire

Purpose -Part 1

The purpose of this experiment isto deerminetherelationship of the strength of themagneic
field arounda current carrying wire and the distance of thefield from the center of thewire. The
current is hdd condant.

Apparatus

Multipurpose electric and magndic field
mapping appaatus power supply, acompass with
degrees marked aroundthe circumference (preferably
marked unde thetip of theneedle), aruler, sheet of
paper, multimeter or ammeter (5 or 10 amp), rheodat
(depending on power supply), switch.

Procedure

Set up theelectrical equipment in series. wire,
powersupply, rheosat, ammeter, and switch.
If thepower supply used inthelab hasa
variable control, therheodat is not necessary.
If adigital multimeter is used make sure thelead wire isinserted in the highamp hole. Do not
turn onthe power supply yet.

Draw alinelength wise throughthe axis of your paper. Tapethe paper to thetable so tha oneend
of thelineistoudhingthewire and thelineis oriented north and south. To test this, movethe
center of thecompass alongtheline Theneedle should always remain directly abovetheline
If the needlelines up in some locationson the line and is deflected at other locations on
theline there areferrous or magnetic materialstoo close to where you are working.

Measuring from the center of thewire, place amark onyourline5cmto 6 cm from thewire.
Then mark off five more points at increments of your choosng. Data upto 30 cm have proven




to bereliable. Place the center of the compass on theline over thefirst mark. In performing
many trials, it wasfound that placdng the compass closer than 5 cm to the wire produced
poor data.

Turn onthe power supply, close the switch and adjud the current to avaluefrom 3.0 to 10.0
amperes. Record thedistance from the center of the wire to the center of the compass, and the
angle thecompass is deflected from north-south line  Open the switch. To avoid overheating
thewire and other equipment, only close the switch when collecting data.

Movethe compass to the next mark, close the switch, record distance and angle. Repest this
process until at least five data points are obtained.

Theory

Themagnetic field dueto awire NS line of the earth A
endrclesthewire as shown in the magnetic field ~ —>!

diagram to theright Theequipmentis -
set up with the compass placed along T
the north-south line of the earth®@ B e
magnetic field. Sincethemagnetic T
field aroundthewireiscircular, if the ]j,

compassis placed alongtheN-Sline
then the earth@field and tha of the ST
wire will be perpendicular to each
other. Theresult will bea deflection of
the compass needle somewhere s
between the N-S line of the earth@ R =N
magnéic field andthe E-W lineof the i Field lines
current carryingwire@® magnatic field,
alongtheresultant of thetwo magndic fields

Theddlection of thecompass needle obvioudy dependson therelative strength of the magnéic field
of the current carrying wire® compared to tha of the earth at thesame location. In the diagram above
right, B represents the magneic field vector fromthe wireand M represents the magnéic field vector
of theearth. Sinqe the strength of the Earth@ magnetic field remains congant during the experiment,
we can say that B" tan#. A plotof tan! vsr will allow students to deerminetherelationship
between the strength of the field and thedistance fromthe wire.



Evaluation of data
Below is a sample data table for thelab and themodified graph produced from thedata.

Data Set Bwsr
Name r tan theta 177 H Linear Fit For: B vs r:tan theta
V= mx+b
taits BT} R m(Slope): 2.85
i 5 0554/  0.200 8.6a b{¥-Intercept): -0.0109
2 10 0.287 0.100 Correlation:0.999
3 15 0.185 0.067
n 4 20 0.132 0.050
5 25 0.096 0.040 o @.40
6 30 0.079  0.033 K
-
IE g
a.28
@.00
a.68 a.a85 a.18 8.15 a.28
17r {1/cm)

Since theactud value of themagneic field-strength was not determined? butispropationd totan!, .
students should be able to condudetha the strength of amagnéic field produced by charges moving
inawireisinversely propationd to thedistance fromthewire.

Purpose - Part 2

The purpos of this experiment is to determinetherelationsip of thestrength of themagndic field
arounda current carrying wire and the amountof current throughthewire. Thedistance from thewire
ishdd congant.

Procedure

This experiment uses the same appaatus and techniques as part 1. Thedifferenceistha thedistance
fromthewireis kept condant at avaluefrom 5 and 10 cm andthe currentin thewireisvaried from0
to 5 amperes. (More current works well, butyour power supply mug beableto provideit.)

Studentswill use ther data to determinetherelationship between the magnéic field aroundthewire
and thecurrentin thewire,

Evaluation of data

On the next pageis a sample data table for thelab and the graph produced from the data collected
when the compass was placed 5.0 cm from the wire.



'[.,_f_ Cat B ,:3 | Linear Fit For: B vs |:tan theta
/dld O | R = m)(+b
Mame  current tan theta ?n(Slope}: 0.0655
Units ~ {amps) b{¥-Intercept): 0.00167
= Correlation:0.997
1 1.0 00:‘: 6-46 A 1—’
2 2.0 0.140
3 3.0 0.203
Q
4 42 0277 s D/J
5 50  0.344 L= B.20
A
6 6.1 0.404 -~ /U
7 7.3 0.466
F
a.6a
a 2 4 5] g

current (amps)

Using theargument cited in part 1, students should be able to condudetha themagndic field strength
is propottiond to thecurrentin thewire. With some encouragement, they should aso be able to

r
combinethe propationdities to state that B" IF for themagndic field produced by currentin a

straight wire. For quantitative problems, the condant of propottiondity is g—o so therelationdhip is
B = Mol

2"r



Name

Date

Pd

E&M Unit 4 - Magnetism: Lab Data Sheet

Currents flowing upward:




Currents flowing downward:




