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National MagLab

the world

R
One of 7 high magnetic field labs in\
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Only one in western hemisphere
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Largest and highest powered in the
world
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National MagLab

-Materials
ResearCh in many flelds [Paleontology] P
(Not just magnets) /

[ Oceanography} [Engineering}

|

[ Geochemistry}
[Biomedical]




National MagLab
Center for Integrating Research & Learning

Mentoring  Field Trips  Summer Professional
& Research & Tours Camps development
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Workshops High RET
and School program
Conferences Externship
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National MagLab

Center for Integrating Research & Learnlng

MAGLAB

CAMPTESIA >
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National MagLab

The National MaglLab is taxpayer
funded by theNational Science
Foundation and the State of Florida
making you a stakeholder in this
facility.

So, on behalf of all of us, thar!ou
for supporting our science.
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Nicola Tesla
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A Tesla
A Measurement of
magnetic fi
AName bian

Sclien Tesla
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Magnetic Fields around us (In Tesla)

Refrigerator magnet: 03T
Ecl q6kt WGcNUWqRAWNRIJGI a Ll .000045T
AIJI + YUKt WGcecNRUWgRHWNRIJGIT a UB x1013T
Junkyard magnet: 1T
Magnetic Resonance Imaging (MRI) magnet: 1.572T
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Magnetic Fields at the MagLab (In Tesla)

World Record Magnets in

McKnight Brain Institute MR

lon Cyclotron Resonance magnet (ICR)

900 MhzNuclear Magnetic Resonance (NMR)
Typical resistive magnetResMag

Split cell ResMag

Water CooledResMag

Hybrid magnet (33 MW)

Series Connected Hybrid (14 MW)

NHMFL Pulse Magnet (Los Alamos)
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3T (60 mm)

21 T (100 mm)
24-31 T

35T



Magnetism Throughout
History
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First Magnet Discoveries

An Greece, 2000 BC
AMagnesthe shepherd

Aln China, 400 BC

AFeng shui
AThe south pointer

Ain Rome, 50.AD.
APIinﬁ
JANEN

Elder
Ab~c¢c DRE®KLWS Rqd WG 1

il
t and researcher
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1269: Petrus Peregrinus de Maricourt

AEpistola deMagnete

APart 1 discusses the physical (not occult) properties of
magnets
AMagnetic fields can act at a distance
AMagnets can only act on other magnetic materials
AOpposite poles attract and like poles repel
AWhen suspended, north poles point Northwand:south poles point South.

APart 2 discusses the use of magnets in devices
AWet and dry compass
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1600: William Gilbert

APublished DeMagnete
AEarth is a magnet

AFirst critical research on magnets
AUsed lodestone
ADispelled superstitions and myths

Y Ay,
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1820: Hans Christian Qrsted

AAnN electrical current can create a
magnetic field

AOersted set up lecture N

| N

demonstration (."5\
AUsed battery to supply current YAV

AShowed compass needle defle
near the wire
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1820: Andre-Marie Ampere

AMoving electrical charges produce magnetic fields

ASimple experiment
ATwo straight wires with current passed through
AWires bowed toward or away 55 e
ALed to electromagnets ' "

" S/
% ﬁ
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1824 Willlam Sturgeon
@

n Curved iron rod
First n Bare copper wire
electromagnet WA=EwiiwnY
n 18 total turns of wire

U
p

Lifted 9
pounds

n Magnet weighed 7 ounces

—
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1827: Joseph Henry
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1831: Michael Faraday

AWrapped wires around opposite sides of -
an iron ring \\\\\\\\.\\

AChange in magnetic field produces an NN
electr(i;c curren(tJ 1 \\\\\\\
. \\\\\
Alnduction W\
A!\/Iggnetic Flux: The change needed to gane .
Induce current /\ & = =

AMove a magnet in and out of a coil of wires

AOrigAnally rejected: Not formulated |
mathematically

AJames Clerk Maxwell (1862): Maxwell
Faraday equation
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1834: Emil Lenz

A IWDUAKt Wxcsalll UWRWIL.2HIJI LUFE
wire (by flux) will flow to create a
field that opposes the flux

AEddy currents created

AUsed in magnetic braking systems
ARollercoasters Jes
AElectric car braking feedback “fea

Secondary
Magnetic
Field
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1900: Superconductivity
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1900: Superconductivity
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1900: Superconductivity

ABCS: Bardeen, CooperSchreiffer
AAt low temperatures, some metals lose resistance

ANucleus nearly stationary
ﬁSupercond_uctivity results from the formation of
Cooper pailrs
ATwo electrons partnered
AOne follows the other Thgy
AResults in frictionless flow of electrons™ /

\ Superconductor \

| Resistance

TC
| Temperature |
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The Science
of Magnetism
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Magnets & Magnetic Fields

%

AAIl magnets have poles
ANorth & South
AOpposites attract; Like

repels
o ABut notgeally: Magnetic
(@ ‘ monopole

AOngoing research



Magnets & Magnetic Fields

"
TCW

AAll magnets have
magnetic fields

AFields are responsible for
attracting and repelling

AViagnetic field is a vector
fieldw

AHas direction and
magnitude
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Magnets & Magnetic Fields

e



Magnets & Magnetic Fields

AMagnetic fields invisible to
humans

AMany animals can sense
magnetism
ASea turtles

AMigratory birds L
IES e
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Magnets & Magnetic Fields

AFamily Canidae
AFoxes listen and aligns with the angle of the sound waves
AProtein in their eyes allows them to detect magnetic field.

AWhen they align to the north, they successfully pounce
on their prey 74% of the time. P ,

Alf they align-in any other
direction, they are only
successful 18% of the time.
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Magnets & Magnetic Fields

ARare animals can see magnetism
AEuropean Robins
AOnly in bright settings
ARight eye and the left half of brain
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Magnets & Magnetic Fields

A3 metals are naturally magnetic at

room temperature . PERIODIC TABLE OF ELEMENTS
Alron, Nickel, Cobalt |
ATwo more are magnetic at lower [ = L= S prs—

temperatures

AGadolinium (65 F and below),
Dysprosium (301 F and below)

AOne more magnetic at abnermal
conditions

ARuthenium (In unnatural form) MACKETIC (K
AMany are magnetic as alloys L
ARare-Earth elements
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DO YOU LIKE
MOVIES?




WHAT IS THIS
ONE CALLED?




Magnets & Magnetic Fields
FAORSTERS_INC.

=4 AGNETS, INC.
__INC. = Iron, Nickel, Cobalt

INC. = Iron, Nickel, Cobalt

NNNNNNNN



Magnets & Magnetic Fields

Permanent magnets Temporary magnets

AAlmost always keep their AWill keep magnetic field until

field tampered with
AFields can be lost AExamples: Paperclips, scissors,
ACurie point (Heat) staples, thumb tacks, pins,

AElectric current (Degauss) screwdrivers, refrigerator door,

AHitting it (Blunt force) car (EpEIeP |
AAnything that is magnetic, but

will not keep its field
pum—y | ATIONAL b
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Magnets & Magnetic Fields

A Name atom comes from
Atomos, Greek for
Indestructible (not really)

A The atom is divisible
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Magnets & Magnetic Fields

N

AMotion of charged particles creates magnetic fields

Aln most atoms,.disorganized spins cancel.out
AMagnetic domains: when electrons line up

AMagnetic field is produced when all eleetrons spin the same
direction:

AMore electrons lined up: more magnetism

p—— 1\ ATIONAL I‘%ﬁ,
M AG L A Headquartered at LTINS LU
Florida State University T




The Science
of Electromagnetism
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Electromagnetism

A Electrons make magnetism work
A Spin of electrons

A Electrons make eleetricity work
A Movement of electrons

.AGLAB eeeeeeeeeeeeeee iy



Electromagnetism

A The two are so closely related
A Where there is electricity, there is a magnetic field
A When electrons flow, they line up @rsted)

A Where there is a magnetic field,€léctricity can
be created (Faraday)

A Magnetic flux can create movement of electrons

.AGLAB eeeeeeeeeeeeeee ity {?iﬁjﬁ



Electromagnetism

A Electricity is the flow of electrons
A Electrons flow in same direction

A This alignment of electrons creates a magnetic
field around the conductor

A Similar to electrons lining up
In a permanent magnet

A Every wire carrying
electricity has a weak
magnetic field around it
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Electromagnetism

AThe field exists at all points along the wire

ACoiling the wire concentrates the magnetic field inside
the coll

#
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Electromagnetism
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Electromagnetism
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Electromagnetism

Magnetic
Field

Current
Direction

Coiled Wire
Around Iron Core
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Electromagnetism
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Electromagnetism
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Electromagnetism
AcCtivities
For Your Classroom
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Magnetlsm In Money

A Money is magnetic

A Coins are coppernickel alloy (not
magnetic)

A Pennies are coppefplated zinc
(also not magnetie)

A Dollars are printed with ironrich
Ink ( etic!)
A Foreign Col

A Canadlan Brltlsh Brazilian,
~ J ¥ RHC UUJin Y O IJb B
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Permanent & Temporary Magnets

A No rubbing necessary

\ A Magnetism happens almost
‘ Instantly

; ‘ A They are magnets
A North and South
A Attract and Repel

A Paper.J‘s remain magnetic
A U mething tampers with
their field
A Field could last years
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Universal Magnetism

e

A Hold a strong magnet
over beach sand

A Iron will attract to the

magnet
A Excess sand will cling
- to the magnet
p— A Purify by spreading it on
A Meteors are high in iron content 3 she)e/et)é)f Baper a?ld
A Burn up in atmosphere passing the magnet
A Waves wash them ashore over it
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Electromagnetism

AMaterials
ACopper wire
Alron rod
ABattery

AExtensions:
A2 batteries
Aln line?
ASmaller iron core

AAluminum or wooden rod
AWill they work?
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Electromagnetism

APoles (Winding direction)
AWhich is North or South?
ARight hand rule

AVariables:
ANeatness
ANumber of winds \
AWire gauge W

N
ABattery strength N
- \
ACore size N @&
ATemperature X
APrecision &
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Make a Speaker

ASpeakers work with a
permanent magnet in an

electromagnet coll

AMusic sent as electrical current
creates flux in the coll, causing the
magnet to vibrate

AVibration creates the soun
we hear
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AC/DC Current Detector

Device shows AC current

Materials
ABi-color LED
Al Watt, 406500 Ohm resistor
AlLamp cord
A2-prong plug
A2-prong socket
AElectrical tape
A9-volt AC adaptor/transformer
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Induction by Gravity Part 1

AMovement of magnetic field by a
conductor creates motion of electrons

ACurrent is induced
ABasis of electric generators

AGravity pulls magnet past conducting coil

Ainduced current in copper tube created
Eddy currents
ACurrents repel magnet
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Induction by Gravity Part 2

AMovement of magnetic field by a M

conductor creates motion of electrons
ACurrent is induced
ABasis of electric generators I
I

AGravity pulls magnet past conducting coil
Alnduced current lights LED .

AGLAB Headquartered at
orida Sta U versity



Plotting Electric Field Lines

MAGLAB HOME TEENS ADULTS/COLLEGE STUDENTS TEACHERS

4 WORLD OF ELECTRICITY
MAGNET7ACADEMY
FROM THE NATIONAL HIGH MAGNETIC FIELD LABORATORY | AND MAGNETISM

WATCH & PLAY ~ LEARN THE BASICS ~ EXPLORE HISTORY ~ TRY THIS AT HOME PLAN A LESSON FOLLOW THE LINKS

Plotting Electric Field Lines

font 20 eint | EAEE

Detailed instructions for teachers on canducting a hands-on lesson on plotting
electric fields lines.

Search Magnet Academy

Topic

out 1-1.5 hours to compls 5

Background

Age Range

Tl our fundamel int: h rin nature; in ph;

- Sele

nuclear. For this

tric field (E). Format

ct Form

Grade (U.5.)

ballis uniform, therefore, the ball fal
field on the ball mg [force =mas
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More Lesson Plan Ideas

A Electric Motors

A
A
A

on Motors
Homopolar Motors

Permanent Magnets

A Making Microphones
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Magnetism Resources
For Further Learning
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Stop Faking It Driving Force

Bill Robertson James D. Livingston

SEO]
l_-‘ul;imi {3

Euscrnicy & Mayemay
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A Short History of _
Nearly Everything The Nature of Science

JamesTrefil

Bill Bryson

THE NATIONAL BESTSELLER

“Destined to become a modern classic of science writing.”
—New York Times Book Review

BILL
BRYSON

*A Short History of Nearly Everything

Author of A Walk in the Woods and In a Sunburned Country

James TrREFIL
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The Cold Wars

JeanMatricon &
GeorgesWaysand
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NATIONAL HIGH

FIELD LABORATORY

User Facilities User Resources Research Magnet Development Education News & Events About Careers

The largest and highest-
powered magnet lab in
the world.
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