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Introduction and theory

Thereis a constantlyincreasingamountof usesgivento magnetsandinducedmagnetic
fields. Much of modern technology uses electro-magneticinduction as an electrical
power source,but we know very little about the effectsthat magnetsor the geometric
characteristicof coils haveon the resultingfield-line spacedistribution around them.

An example of this can be given by comparingthe amount of iron dust that a
magnetizedhail attractsto different curvatureson its surface

’ How are distance and orientation relevant to interactions between magnets?
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Introduction and theory

‘What action do you have to perform in order to identify the presence of a
magnetic field?

‘ What is the main feature of magnetic field lines?
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Introduction and theory

Theoretical

It is well known that magneticfields originate due to the presenceof an electric
current or a stream of moving chargedparticles (h S N& @&&i@ent) It is also
known by Galileanrelativity that movementdirectionsdependon relative position
The Biot-Savartlaw presentsa mathematical expressionfor the magnitude and
directionin a certainpoint in spaceof the magneticfield intensity (B) generatedby a
current(l) at a distance(R)of suchpoint.
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Introduction and theory

Magneticfield intensity is then a quantity that indicatesa specificmagnitudeand
direction of effect on everypoint aroundthe electriccurrent Thisdirectionis always
perpendicularto both current and positiondirectionsand it points out accordingto

the vectorproductbetweeneach2 y Sufltary vectors
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Introduction and theory

Now, to determinea specificdirectionfor a measureof magneticfield intensity from
a certain point a t th& perpendicularplane of this direction - containing both
currentandrelative positionbetweencurrentand measuringareadirectionsis used
Thus,a generalizatiorfor magneticintensity in spaceis made,asthe amountof field
linesthat perpendicularlycrossa certainamountof surface
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Introduction and theory

Thisgeneralizationallows us to interpret measuresof magneticfield intensity as a
flux density per unit of area,showingthe amountand direction of magneticlinesin
spacethat crossa certainoriented surface
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Introduction and theory

Now students are encouraged to raise a hypothesis which must be
tested with an experiment.

‘ If a magneticsensoris usedto measureintensity alongthe interior and exterior
of an electrified coil, how similarwould the resultsbe? How will the field lines
behavenearthe O 2 Zedgé€xa
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Activity description
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Resources and materials

(@ Labdisc magnetisensor @
(2) USB cable

(3 5vDC power source

A 30cmplastic ruler

A 65turns and4.5 cmdiameter

isolated1 mm copper coil
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Using the Labdisc

Labdisc configuration

To collect intensity measurements with thabdisanagneticsensor, follow
these steps:

. Open the GlobiLab software and turn on the Labdisc.

. Clickon the Bluetoothicon in the bottom right corner of the GlobiLabscreen
Selectthe Labdisgyou are usingcurrently. Oncethe Labdisdhasbeenrecognized
by the software,the iconwill changefrom a greyto bluecolor © @ = |
If you prefer a USBconnectionfollow the previousinstruction clickingon the

USBcon. You will see the same color changewhen the Labdisdsrecognized
@& w

@> efecto educativo



Applied Sciences

Biot-Savart Law

lobisens

Lab classes with sensors

Lahjisc Performing various measures to study the magnetic
field intensity variations around an inducting coil

Using the Labdisc

. Clickon _~/ to configurethe LabdiscSelectd a | 3 yCA(ISOEReEG [ 2 33 S NJ
{ S { débddbw, enter 1100k { Sdd the samplefrequencyand enter 000G
for the numberof samples
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Using the Labdisc

. Once you have finished the sensor configuration start measuring by cli‘h1g

. Once you have finished measuring stop tiabdisdy cIickinge :
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Experiment

. Set the components as shown in the
picture.

Move the probe asindicatedby the arrow
line.

A Keep a steady rate &cm/sec
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. Repeaitthe procedure above usinfpese two other configurations

e
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Results and analysis

. In each of the graphsindicate the points where the LJt 2 durGsdure
changesusingthe two tools: |7 and[ﬁ

Consideryour movementof the probe asa constantspeedof 3 cm/sec
for eachcaseandusethe time scaleasa distancescale

. After this, usethe tool “,‘3,‘ '0 relate thesepoints with specialfeaturesof
the coil.
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Results and analysis

Compare the measurements at the middle, center and edges of the coil in
all graphs. How do these relate to your initial hypothesis?

What do negative values represent on the graphs?

What relation has the (+) and (-) power source connection set up on the
results?
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Results and analysis

Intensity on axis

] )( ———Magnetic Field (0.3mT) = 0,47 mT
- Tiempo = 4,624 s
0,4 | coil's center|
Urz —_ / / \
0,1 —_
] Magnetic Field (0.3mT) = 0,35 mT
i Tiempo = 5,976 s
g - | coil's edge|

= Magnetic Field (0.3mT)
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Results and analysis

Intensity perpendicular to axis

-0,02 4 . -
] '&‘“ﬂ\, | coil's center| —

N Magnetic Field (0.3mT) =-0,13 mT
1 ] Tiempo = 4,859 5

-0,04 — \ /
-0,06 —

n Magnetic Field (0.3mT) = -0,08 mT
. Tiempo = 6,420 5

] ==

= Magnetic Field (0.3mT)
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Results and analysis
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The graph below should be similar to the one the students came up with: J

Intensity parallel to axis

i Magnetic Field (0.3mT) = -0,04 mT
- Tiempo = 5390 s
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Conclusion

& For each graph, determine the regions where magnetic field lines are more
compressed. Is there a relation between them and the O 2 dorfedry?

Studentscould presentany graph accordingto the position of the sensorand the

coil in eachcase Theycould accountthe relation betweenthe curvature changes
on the graphand the field line distribution variationsnear the coil edges,center,

andmiddle part.

e B
= ' Consider, for all three graphs the Biot-Savart law and the (+) and (-) connection
set up to predict the direction of the field lines near both edges of the coll. Is this
prediction consistent with the results?

Studentscould determineand draw the direction of the field linesaround eachof
the O 2 Aefig@sind surroundingsusingthe O 2 Acyliigical symmetry, the Biot-
Savartaw, andthe resultsfrom all three measurements
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Activities for further application

‘ Can this knowledge be useful for creating strong magnetic fields?

Studentscouldrecognizethat magneticintensityis related with the amountand

direction of field linesthat crossa certain surfacein a certain region of space

Thus,by studyingthe spacedistribution of field linesin different configurations
of magnetsand coils, it is possibleto designspecificsystemsthat can bend or

accumulatehem in a smallregion

What effect can a moving magnet have on a piece of conductor wire? Is this
effect any different if the wire is curved as a ring? Use the Biot-Savart law to
justify your answer and the Labdisc magnetic sensor to test it.

Studentscan justify their answerby usingthe vector product between current

andrelative positiondirectionsasa referencefor field direction. Thendetermine
the magneticflux variationacrosshe areathat is constrainedoy the wire ring.
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