Magnetic Fields
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Magnets are very fragile. Exercise caution while dealing witthe bar magnet.

Introduction

As you learned in the lab of electric fields, the fielddmtes its force. The magnetic field does

the same. The similarity between electric and magnetic pherem referred to as two agents

that attract and repel each other. For instaneetré fields are created with positive and

negative charges, and magnetic fields are created widmdNS-poles. However, unlike electric
charges, magnetic poles, N and S, are alyays A bar magnet can be

a good example to depict this particular property. Evemgihgou Solenoid
slice the magnet in pieces, any of the pieces has both pidkesSI unit  p

of magnetic field is tesla (T). Another unit is caltaliss, which is |))))))))))))))))))))))))))))))D
converted into tesla multiplied by 100n the other hand, the magnetic ‘

field has a peculiar property; namely, the field cao &le associated 0
with electric currents. When you produce a currentetes a !
magnetic field according to the geometrical shape of theunbimg wire as
shown. For example, if you apply a current to a solenoidchwb a B -
cylindrical coil, the magnetic field will be:

B = y,nl
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where (/, is the permeability in free spacérx10~" Tm/A, nis the turns

per unit length, antlis the current you apply to the solenoid. When it is a r
circular coil, the magnetic field at the center of thmele will be: /

I

B=N ,U_O

2R

whereN is the total number of the turns, R is the radiuthefloop, and the others are the same as

above. In to the paper

Another important fact is that the direction of magnebgtd8 depends on the

direction of the current as shown in the figure. Thidge dlustrated by the 7

Right Hand Rule (RHL), or the right-hand-thumb rule.
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Out of the paper

Objectives:
* To see the distance-dependent property of the magneticdigdd® a bar magnet
» Totest the properties of magnetic fields due to ctijgirection and magnitude)
* To find the difference between a solenoid and a coll




1. Distance dependence of the field strength :

» For the magnetic field sensor, put the bar magnet far from the sensor, thgress the tare
(zero) button to reset the sensor.

* Inthe magnetic field sensor, switch the “axial”, not “radial.”
» The range select of the sensor should be X"

» Set up the experiment with a precision track, a bar magnet, and the magtie field sensor as
follows: The distance between the magnet and the sensor shouldrt$ at about 2 cm (0.02
m).

A bar

The magnetic field
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» Record the magnetic field for each distance. The increment shoub# about 1 cm. Try to
take 8 values for plotting.

Distance from the magnet (cm) The magnetic field detected by the sensor
(gauss)

Plot the above data in the following graph.
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Question:

How does the magnetic field depend on the distance? lIsilasionithe other fields, such as electric

field?

2. Magnetic fields created by currents
2-1 Magnetic fields with a solenoid

The magnetic field produced by a solenoid with currentvsrogas:
B = y,nl

U, is the permeability in free spacézrx10~" Tm/A. | is the current.n is the number of
turns per unit length calculated by the total number ofstuN , divided by the length of the

solenoid, ¢ .

* Measure the length of the solenoid and calculate the number of turngpunit length.

» Set up the experiment as follows, and measure the magicefield for each current.
J r~ Sta _ | Calculate

+ Start up DataStudio to use the DC power supply.
» Click “Digit” in the display component of DataStudio.

* Inthe magnetic field sensor, switch to “Axial.”
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Add Senzor or Instrument. ] Setup Timers. I Calibrate Sensaors
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Click any channel to add a sensor.  Click here to have DC
voltage




@)))))))))))))))))))))))))))))))) “
Interface
The total number of turns __134Q0  The length¥ (m),
Turns per unit lengthn = (turns/m)

DC voltage| Current (A) Magnetic Magnetic Magnetic field % difference
from the field field calculated B, — B (%)
interface measured | converted into (M) m *x100870

(gauss) tesla,Bey Beal o T
(gaussx 10%)
5V
4V
3V
2V

Question: How well do the experimental results agree with the eegevalues?

2-2 Magnetic fields with a coil

The magnetic field produced by a coil with current is given a
B=N ’U_OI
2R
U, is the permeability in free spackzrx10~" Tm/A. | is the

current. N is the number of the total number of turrR. is the
radius of the coil.
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* Hypothesize the experiment Write a proper procedure to obtain the magnetic field
from the colil, knowing that the number of turns of thecoil is 20. (Refer to the above
theory and picture.)




Current sensor

* The conceptual activity
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Set up the experiment as follows. Try two differeneiations of the current flow: [Note that
the positive magnetic field indicates that the field comesthe sensor; and the negative has to
be the opposite. The current is from the positive to negasdltages.]

“positive

fnalog  —

Interface

Current sensor

Question: From the above experiment, record the directions of the madisétis and currents
below. Put the symbol “Out of the paper” or “Into the papershown according to the read
from the magnetic field sensor. Selécor B for the direction of current in terms of the
connections to the power supply as shown above. Are they conside the right-hand law?

Direction of the Direction of the
magnetic field magnetic field
Coil N Coall AN
2 4
O O @ Out of the paper
A A ® Into the paper

J Fcurrent { (current
B B

Question: How do you explain the differences between a coil and aaidié&om this
experience?




Questions you may want to explore

One of the applications of solenoids is the MRI (Magnetic
Resonance Imaging). Let’'s imagine that a patiendiosen

in the center of a solenoid. This is exactly what &t i
though it is simplistic for the reality. In general,MRI can
create 0.2 — 1.5 T of the magnetic field. If it usese@ngter
magnetic field, the image can have a higher resolution. Nq
think about the following:

* How about if you compare the magnetic field you measured ifathiwith the field that
a typical MRI generates? How would you imagine the amotifite current flow and
size of the coil that an MRI may use? [Look up actualiipations of an MRI, t00.]

» How strong is the 1.5-T magnetic field compared with othiy-tite (this lab) magnetic
fields? How much weight could it lift? If such magnodteld is used toward magnetized
materials such as credit cards or a wrist watch, wilhhappen?

* How would you understand that the medical staff is veryamgito remove all of the
metal items from the MRI room? [Imagine what would happih metal items after
turning on the MRI.]



