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One of 7 high
magnetic field labs
in the world

Only one in western
hemisphere

Largest and highest
powered in the world
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Headquartered at 
Florida State University 

1 LAB. 3 SITES. 
7 USER FACILITIES
AT FLORIDA STATE UNIVERSITY
DC Field: Steady, continuous magnetic fields up to 45 T
Electron Magnetic Resonance (EMR): Magnetic resonance
techniques associated with the electron
Nuclear Magnetic Resonance (NMR): Solid & solution state NMR &
animal imaging 
Ion Cyclotron Resonance (ICR): Ultra-high resolution and high
mass accuracy Fourier transform ion cyclotron resonance (FT-ICR)
mass spectrometry
LOS ALAMOS NATIONAL LABS
 

Pulsed Field: Short, ultra-powerful magnetic fields up to 100 T

UNIVERSITY OF FLORIDA
High B/T: Magnetic fields up to 15 T combined with ultra-cold
temperatures of 0.4 mK
Advanced Magnetic Resonance Imaging & Spectroscopy (Amris)
High-resolution solution and solid-state, NMR, animal 
imaging & human imaging
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Headquartered at 
Florida State University 

THE NATIONAL MAGLAB IS
TAXPAYER-FUNDED BY  THE

NATIONAL SCIENCE FOUNDATION
AND THE STATE OF FLORIDA MAKING

YOU A STAKEHOLDER IN THIS
FACILITY. 

SO, ON BEHALF OF ALL OF US, THANK
YOU FOR SUPPORTING OUR

SCIENCE. 



MAGNET 

SCIENCE



Born During a Storm: born in Smiljan,
Austrian Empire (now Croatia), on July 10,
1856. Lightning storm lead midwife to call
him a "child of darkness." While his mother
countered that he would be a "child of light".
Alternating Current: allowed electricity to
travel over long distances safely; became
global standard for power systems.
Showed Early Wireless Remote Control:
showcased world's first remote-controlled
boat using radio waves to control its
movements.
Magnetic Fields: Unit for measurement of
magnetic fields named for him.

Headquartered at 
Florida State University 
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IN TESLA 
MAGNETIC FIELDS

Series 
Connected Hybrid 

33 tesla (14 MW)

Hybrid
45 tesla
33 MW

Pulse Magnet
100 tesla

DC Resistive
41 tesla

Headquartered at 
Florida State University 



MAGNETISM 
THROUGH HISTORY



Headquartered at 
Florida State University 

GREECE: 2000 BC

MAGNES THE
SHEPHERD

CHINA: 400 BC 

FENG SHUI: 
THE SOUTH POINTER

ROME: 50 AD 

PLINY THE ELDER:
NATURALIST AND

RESEARCHER
“MAGIC” WITH

HEALING PROPERTIES



Headquartered at 
Florida State University 

Part 1 discusses the physical (not occult) properties of
magnets

Magnetic fields can act at a distance
Magnets can only act on other magnetic materials
Opposite poles attract and like poles repel
When suspended, north poles point North and
south poles point South.

Part 2 discusses the use of magnets in devices
Wet and dry compass

1269: Petrus Peregrinus
de Maricourt

Epistola de Magnete



Headquartered at 
Florida State University 

Published De Magnete

1600: WILLIAM GILBERT

First critical research
on magnets

Used lodestone

Declared Earth is a magnet

Dispelled superstitions and myths



Headquartered at 
Florida State University 

An electrical current can create a magnetic field

Oersted set up lecture demonstration

Used battery to supply current

Showed compass needle deflecting near the wire

Electricity and magnetism are not independent phenomenon

1820: HANS CHRISTIAN ØRSTED



Headquartered at 
Florida State University 

Hypothesis: Moving electrical charges
produce magnetic fields

Performed a simple experiment
Two straight wires with current passed
through
Wires bowed toward or away
Electric currents exert a magnetic force
on each other
Led to electromagnets

1820
ANDRÉ-MARIE AMPÈRE



ELECTROMAGNET
MEET THE

English electrical engineer
and inventor 
Made the first electromagnet
Made the first practical
electric motor. 

Curved iron rod
Bare copper wire
Electricity
18 total turns of wire
Magnet weighed 7 ounces
Lifted 9 pounds

WILLIAM STURGEON

FIRST ELECTROMAGNET
1824

Headquartered at 
Florida State University 



1827
New Innovative
Electromagnet

Joseph Henry

New Electromagnet

American physicist and
inventor 
Served as first secretary of the
Smithsonian Institution
 Served as president of the
National Academy of Sciences 

First to coil insulated
wire tightly around an
iron core
Copper wire insulated
with silk

When making an electromagnet
using a battery: it is best to wind
several coils of wire in parallel. 

When using multiple batteries: there
should be only one single long coil. 

Headquartered at 
Florida State University 



FARADAY
MICHAEL

English chemist and physicist 
Contributed to study of
electrochemistry and
electromagnetism. 
Main discoveries include:

Electromagnetic induction 
Diamagnetism
Electrolysis

1831

Headquartered at 
Florida State University 



FARADAY
MICHAEL

Wrapped wires around opposite
sides of an iron ring 

Change in magnetic field
produces an electric current
Induction

Magnetic Flux: The change
needed to induce current

Move a magnet in and out of a
coil of wires

Originally rejected: Not formulated
mathematically

James Clerk Maxwell (1862):
Maxwell-Faraday equation

1831

Headquartered at 
Florida State University 



MAGNETIC FLUX

Headquartered at 
Florida State University 



1834:
EMIL LENZ

Lenz’s Law: An induced
current in a wire (by flux) will
flow to create a field that
opposes the flux

Eddy currents created
Used in magnetic braking
systems

Rollercoasters
Electric car braking
feedback

Headquartered at 
Florida State University 



1900: SUPERCONDUCTIVITY
Headquartered at 
Florida State University 
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TRADITIONAL METALS

SUPERCONDUCTORS
TC

1900: SUPERCONDUCTIVITY
Headquartered at 
Florida State University 



1957: BCS THEORY OF
SUPERCONDUCTIVITY
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TRADITIONAL METALS

SUPERCONDUCTORS
TC

BCS: Bardeen, Cooper, Schreiffer
At low temperatures, some metals lose resistance
Nucleus nearly stationary

Superconductivity results from the formation of Cooper
pairs

Two electrons partnered
One follows the other
Results in frictionless flow of electrons

Headquartered at 
Florida State University 



THE SCIENCE OF

MAGNETISM 



Magnets &
Magnetic Fields

All magnets have poles
North & South
Opposites attract
Likes repel

But not really: Magnetic monopole
Ongoing research

Headquartered at 
Florida State University 



Magnets &
Magnetic Fields

All magnets have magnetic fields
Fields are responsible for
attracting and repelling

Magnetic field is a vector field
Has direction and magnitude

Headquartered at 
Florida State University 



Magnets & Magnetic FieldsMagnets & Magnetic FieldsMagnets & Magnetic Fields
Magnets Attract Magnets repel

Headquartered at 
Florida State University 



Sea turtles navigate across the

ocean and return to their exact

birthplace beaches by using Earth's

magnetic field as both an internal

compass and a geographic map.

Magnets & Magnetic FieldsMagnets & Magnetic FieldsMagnets & Magnetic Fields
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birthplace beaches by using Earth's
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Hammerhead sharks use the

Earth's magnetic field like a natural

GPS to navigate long-distance

migrations and return to exact

locations year after year.

Magnets & Magnetic FieldsMagnets & Magnetic FieldsMagnets & Magnetic Fields

Headquartered at 
Florida State University 



Birds use a special sense called

magnetoreception to detect the

Earth's magnetic field and navigate

across long distances.

Sea turtles navigate across the

ocean and return to their exact

birthplace beaches by using Earth's

magnetic field as both an internal

compass and a geographic map.

Hammerhead sharks use the

Earth's magnetic field like a natural

GPS to navigate long-distance

migrations and return to exact

locations year after year.

Magnets & Magnetic FieldsMagnets & Magnetic FieldsMagnets & Magnetic Fields

Headquartered at 
Florida State University 



Magnets & Magnetic Fields
Quantum Vision: Migratory songbirds

(such as European robins) rely on a

light-sensitive eye protein in their

retinas. 

When blue light hits the eye, quantum

radical pairs form, allowing birds to

literally "see" Earth's magnetic field as

a faint visual pattern or glowing guide

overlaid on their vision.

Headquartered at 
Florida State University 



Arctic Fox
Foxes listen and aligns with the angle of the sound
waves. 
Protein in the eyes allows them to detect magnetic field.
When they align to the north, they successfully pounce
on their prey 74% of the time. 
If they align in any other direction, they are only
successful 18% of the time.

  Vulpes lagopus

Headquartered at 
Florida State University 



Magnetism

Headquartered at 
Florida State University 



Magnetism

3 metals are naturally magnetic at
room temperature

Iron, Nickel, Cobalt
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Magnetism
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room temperature
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Magnetism

3 metals are naturally magnetic at
room temperature

Iron, Nickel, Cobalt
Two more are magnetic at lower
temperatures

Gadolinium (65 F and below)
Dysprosium (-301 F and below)

One more magnetic at abnormal
conditions

Ruthenium (In unnatural form)
Many are magnetic as alloys

Neodymium and other Rare-Earth
elements

Headquartered at 
Florida State University 
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Permanent & Temporary Magnets

Permanent Magnets
Almost always keep their field
Fields can be lost

Curie point (Heat)
Electric current (Degauss)
Hitting it (Blunt force)
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Permanent & Temporary Magnets

Permanent Magnets
Almost always keep their field
Fields can be lost

Curie point (Heat)
Electric current (Degauss)
Hitting it (Blunt force)

Temporary Magnets
Will keep magnetic field until
tampered with
Anything that is magnetic, but
will not keep its field
Examples: 

Paperclips, scissors, staples,
thumb tacks, pins,
screwdrivers, refrigerator
door, car doors, etc…

Headquartered at 
Florida State University 



Headquartered at 
Florida State University 

MAKING
MAGNETISM

Name atom comes from
Atomos, Greek for
Indestructible (not really)
The atom is divisible

Proton
Neutron
Electron
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MAKING
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Name atom comes from
Atomos, Greek for
Indestructible (not really)
The atom is divisible

Proton
Neutron
Electron



Headquartered at 
Florida State University 

MAKING
MAGNETISM

Motion of charged
particles creates
magnetic fields

Electrons are charged
particles and are in
motion

Electrons create
magnetic fields



MAKING 
MAGNETISM

Magnetic domains
with entropy
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MAKING 
MAGNETISM

Magnetic domains
with entropy

Magnetic domains
with an external filed
applied
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MAKING 
MAGNETISM

Magnetic domains
with entropy

Magnetic domains
with an external filed
applied

Magnetic domains lined
up and creating their own
magnetic field

Headquartered at 
Florida State University 



THE SCIENCE OF

ELECTRO-

MAGNETISM 



Headquartered at 
Florida State University 

Electricity & Magnetism
Electrons make magnetism
work

Spin of electrons
Electrons make electricity
work

Movement of electrons
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Florida State University 

Electromagnetism
The two are so closely related

Where there is electricity, there is a magnetic
field
When electrons flow, they line up (Ørsted)
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Electromagnetism
The two are so closely related

Where there is electricity, there is a magnetic
field
When electrons flow, they line up (Ørsted)

Where there is a magnetic field, electricity can be
created (Faraday)

Magnetic flux can create movement of electrons
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Florida State University 

ElectroMagnetismElectroMagnetismElectroMagnetism
Electricity is the flow of electrons

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

Electrons flow in same direction
This alignment of electrons creates a magnetic field around
the conductor

Similar to electrons lining
up in a permanent magnet
Every wire carrying
electricity has a weak
magnetic field around it 
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MAKING 
MAGNETISM



Cooling water flows through the magnets at speeds of up

to 45 mph to prevent overheating; without cooling, the

magnets would melt in fractions of a second.

Four of the five largest magnet labs in the world now use

Florida Bitter magnet technology.

The MagLab builds the world's highest-field resistive

magnets using Florida Bitter plates.

Based on Francis Bitter's design, the MagLab increased

efficiency by 40% by optimizing cooling-hole shape 

Florida Bitter magnets are built from stacked copper and

insulating plates & carry about 40,000 amps.Fl
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Headquartered at 
Florida State University 



 ELECTRO-

MAGNETISM 

IN YOUR CLASS



COW
MAGNETS



Five small
magnets

One long
magnet



Money & Magnetism
Your money is magnetism 

(Not what you think though)

Headquartered at 
Florida State University 



Foreign Coins
Canadian, British, Brazilian,

Mexican (some)…

Money & Magnetism
Money is magnetic:
Coins are copper-nickel alloy

(not magnetic)
Pennies are copper-plated

zinc (also not magnetic)
Dollars are printed with iron-

rich ink (magnetic!)

Headquartered at 
Florida State University 



Magnetism
in our Food



Pulling Iron
Iron in cereal

NIB Magnet is a must
Total brand
Baby cookies (high in iron)



Pulling Iron
Iron in cereal

NIB Magnet is a must
Total brand
Baby cookies (high in iron)



Pulling Iron
The Hook:

Blend a $1 bill
Use a NIB magnet
Pull out the iron



Permanent & Temporary Magnets

No rubbing necessary
Magnetism happens almost instantly
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Permanent & Temporary Magnets

No rubbing necessary
Magnetism happens almost instantly

They are magnets
North and South
Attract and Repel
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Permanent & Temporary Magnets

No rubbing necessary
Magnetism happens almost instantly

They are magnets
North and South
Attract and Repel

Paper Clips remain magnetic
Until something tampers with their
field
Field could last years

Headquartered at 
Florida State University 
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Magnetism in the universe
Meteors are high in iron content

Burn up in atmosphere

Waves wash them ashore
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Magnetism in the universe

Hold a strong magnet over beach sand

Iron will attract to the magnet

Excess sand will cling to the magnet

Purify by spreading it on a sheet of

paper and passing the magnet over it

Instant Star Dust

Meteors are high in iron content

Burn up in atmosphere

Waves wash them ashore



Headquartered at 
Florida State University 

electromagnetism Materials
Copper wire
Iron rod
Battery

Extensions:
2 batteries

In line?
Smaller/larger iron core
Aluminum or wooden rod

Will they work?



Headquartered at 
Florida State University 

electromagnetism
Poles (Winding direction)

Which is  North or South?
Right hand rule

Variables:
Neatness
Number of winds
Wire gauge
Battery strength
Core size
Temperature
Precision



Headquartered at 
Florida State University 

Make a Speaker

Speakers work with a permanent
magnet in an electromagnet coil

Music sent as electrical current
creates flux in the coil, causing
the magnet to vibrate

Vibration creates the sound we hear



Headquartered at 
Florida State University 

AC/DC CURRENT
DETECTOR
Device shows AC current

Materials
Bi-color LED
½ Watt, 400-500 Ohm resistor
Lamp cord
2-prong plug
2-prong socket
Electrical tape
9-volt AC adaptor/transformer



INDUCTION BY
GRAVITY

Movement of magnetic field by a
conductor creates motion of electrons

Current is induced
Basis of electric generators

Gravity pulls magnet past conducting coil
Induced current in copper tube
created Eddy currents

Currents repel magnet



INDUCTION BY
GRAVITY

Movement of magnetic field by a
conductor creates motion of electrons

Current is induced
Basis of electric generators

Gravity pulls magnet past conducting coil
Induced current in copper tube
created Eddy currents

Currents repel magnet

INDUCTION BY
GRAVITY PART II

Movement of magnetic field by a
conductor creates motion of electrons

Current is induced
Basis of electric generators

Gravity pulls magnet past conducting
coil
Induced current lights LEDs



Headquartered at 
Florida State University 

PLOTTING
ELECTRIC
FIELD LINES



More Lesson Plan Ideas
Electric Motors

Ion Motors

Homopolar Motors

Permanent Magnets

Making Microphones

Headquartered at 
Florida State University 



 ADDITIONAL

ELECTRO-

MAGNETISM

RESOURCES
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MAGLAB

RESEARCH

EXPERIENCE



OPPORTUNITY:
RESEARCH EXPERIENCES FOR
TEACHERS (RET)
This exciting summer program gives K-12 and informal STEM educators from across the country the chance
to learn how to incorporate MagLab science (materials science, chemistry, and physics) into their STEM
lesson plans.

Summer Program
1 Week in Person 

In the MagLab
5 weeks virtual

Wherever Home Is
$3600 stipend

What do you have to do?
Complete online application
Complete & submit lesson plan 
Sell yourself

12 spots, 300+ applications



2026
MagLab RET

Week in Tallahassee we supply
Housing
Travel stipend

Program is open to Elementary, Middle, and
High School teachers



PROGRAM
OVERVIEW

Nature of Science
Argument Driven Inquiry
Communicating in science
Experimental Design
Culturally Responsive Pedagogy

Focus of the program

Work with a scientist
Build a unique lesson plan

Scientist Advisor

Materials Engineering
Superconductivity
Electron Scanning Microscopy
Condensed Matter 

Topics for Lesson Plan Research



THANK YOU
Carlos R. Villa

DIRECTOR OF K-12 EDUCATION PROGRAMS
VILLA@MAGNET.FSU.EDU
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	PLINY THE ELDER:
	NATURALIST AND RESEARCHER
	“MAGIC” WITH HEALING PROPERTIES

	1269: Petrus Peregrinus de Maricourt
	Epistola de Magnete
	Part 1 discusses the physical (not occult) properties of magnets
	Magnetic fields can act at a distance
	Magnets can only act on other magnetic materials
	Opposite poles attract and like poles repel
	When suspended, north poles point North and south poles point South.
	Part 2 discusses the use of magnets in devices
	Wet and dry compass


	1600: WILLIAM GILBERT
	Published De Magnete
	First critical research on magnets
	Used lodestone
	Dispelled superstitions and myths
	Declared Earth is a magnet


	1820: HANS CHRISTIAN ØRSTED
	An electrical current can create a magnetic field
	Oersted set up lecture demonstration
	Used battery to supply current
	Showed compass needle deflecting near the wire
	Electricity and magnetism are not independent phenomenon
	1820

	ANDRÉ-MARIE AMPÈRE
	Hypothesis: Moving electrical charges produce magnetic fields
	Performed a simple experiment
	Two straight wires with current passed through
	Wires bowed toward or away
	Electric currents exert a magnetic force on each other
	Led to electromagnets

	WILLIAM STURGEON
	English electrical engineer and inventor
	Made the first electromagnet
	Made the first practical electric motor.
	MEET THE

	ELECTROMAGNET
	FIRST ELECTROMAGNET
	1824
	Curved iron rod
	Bare copper wire
	Electricity
	18 total turns of wire
	Magnet weighed 7 ounces
	Lifted 9 pounds

	1827
	New Innovative Electromagnet
	First to coil insulated wire tightly around an iron core
	Copper wire insulated with silk
	When making an electromagnet using a battery: it is best to wind several coils of wire in parallel.
	When using multiple batteries: there should be only one single long coil.
	New Electromagnet
	Joseph Henry
	American physicist and inventor
	Served as first secretary of the Smithsonian Institution
	Served as president of the National Academy of Sciences



	1831
	MICHAEL
	FARADAY
	English chemist and physicist
	Contributed to study of electrochemistry and electromagnetism.
	Main discoveries include:
	Electromagnetic induction
	Diamagnetism
	Electrolysis

	MICHAEL
	Wrapped wires around opposite sides of an iron ring
	Change in magnetic field produces an electric current
	Induction
	Magnetic Flux: The change needed to induce current
	Move a magnet in and out of a coil of wires
	Originally rejected: Not formulated mathematically
	James Clerk Maxwell (1862): Maxwell-Faraday equation


	FARADAY
	1831

	MAGNETIC FLUX
	1834:
	EMIL LENZ
	Lenz’s Law: An induced current in a wire (by flux) will flow to create a field that opposes the flux
	Eddy currents created
	Used in magnetic braking systems
	Rollercoasters
	Electric car braking feedback

	1900: SUPERCONDUCTIVITY
	TRADITIONAL METALS
	0 Ohms (Resistance)
	0 Kelvin (Temperature)

	1900: SUPERCONDUCTIVITY
	TRADITIONAL METALS
	SUPERCONDUCTORS
	0 Ohms (Resistance)
	TC
	0 Kelvin (Temperature)


	1900: SUPERCONDUCTIVITY
	1957: BCS THEORY OF SUPERCONDUCTIVITY
	BCS: Bardeen, Cooper, Schreiffer
	At low temperatures, some metals lose resistance
	Nucleus nearly stationary
	Superconductivity results from the formation of Cooper pairs
	Two electrons partnered
	One follows the other
	Results in frictionless flow of electrons
	0 Ohms (Resistance)
	TC
	0 Kelvin (Temperature)

	Headquartered at
	Florida State University


	THE SCIENCE OF MAGNETISM
	Magnets &
	Magnetic Fields
	All magnets have poles
	North & South
	Opposites attract
	Likes repel
	But not really: Magnetic monopole
	Ongoing research

	Magnets &
	Magnetic Fields
	All magnets have magnetic fields
	Fields are responsible for attracting and repelling
	Magnetic field is a vector field
	Has direction and magnitude

	Magnets & Magnetic Fields
	Magnets Attract
	Magnets repel

	Magnets & Magnetic Fields
	Headquartered at
	Florida State University
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	Magnets & Magnetic Fields
	Headquartered at
	Florida State University

	Magnets & Magnetic Fields
	Quantum Vision: Migratory songbirds (such as European robins) rely on a light-sensitive eye protein in their retinas.
	When blue light hits the eye, quantum radical pairs form, allowing birds to literally "see" Earth's magnetic field as a faint visual pattern or glowing guide overlaid on their vision.

	Arctic Fox
	Vulpes lagopus
	Headquartered at
	Florida State University
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	Magnetism
	3 metals are naturally magnetic at room temperature
	Iron, Nickel, Cobalt
	Two more are magnetic at lower temperatures
	Gadolinium (65 F and below)
	Dysprosium (-301 F and below)
	One more magnetic at abnormal conditions
	Ruthenium (In unnatural form)
	Many are magnetic as alloys
	Neodymium and other Rare-Earth elements

	NAME THIS MOVIE
	Headquartered at
	Florida State University
	Headquartered at
	Florida State University
	Headquartered at
	Florida State University
	Headquartered at
	Florida State University
	Permanent Magnets
	Almost always keep their field
	Fields can be lost
	Curie point (Heat)
	Electric current (Degauss)
	Hitting it (Blunt force)


	Permanent & Temporary Magnets
	Permanent Magnets
	Almost always keep their field
	Fields can be lost
	Curie point (Heat)
	Electric current (Degauss)
	Hitting it (Blunt force)

	Temporary Magnets
	Will keep magnetic field until tampered with
	Anything that is magnetic, but will not keep its field
	Examples:
	Paperclips, scissors, staples, thumb tacks, pins, screwdrivers, refrigerator door, car doors, etc…


	Permanent & Temporary Magnets
	MAKING MAGNETISM
	Name atom comes from Atomos, Greek for Indestructible (not really)
	The atom is divisible
	Proton
	Neutron
	Electron
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	MAKING MAGNETISM
	Name atom comes from Atomos, Greek for Indestructible (not really)
	The atom is divisible
	Proton
	Neutron
	Electron

	MAKING MAGNETISM
	Motion of charged particles creates magnetic fields
	Electrons are charged particles and are in motion
	Electrons create magnetic fields

	MAKING
	MAGNETISM
	Magnetic domains with entropy

	MAKING
	MAGNETISM
	Magnetic domains with entropy
	Magnetic domains with an external filed applied

	MAKING
	MAGNETISM
	Magnetic domains with entropy
	Magnetic domains with an external filed applied
	Magnetic domains lined up and creating their own magnetic field

	THE SCIENCE OF ELECTRO-MAGNETISM
	Electricity & Magnetism
	Electrons make magnetism work
	Spin of electrons
	Electrons make electricity work
	Movement of electrons

	Electromagnetism
	The two are so closely related
	Where there is electricity, there is a magnetic field
	When electrons flow, they line up (Ørsted)

	Electromagnetism
	The two are so closely related
	Where there is electricity, there is a magnetic field
	When electrons flow, they line up (Ørsted)
	Where there is a magnetic field, electricity can be created (Faraday)
	Magnetic flux can create movement of electrons

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

	ElectroMagnetism
	Electricity is the flow of electrons
	Electrons flow in same direction
	This alignment of electrons creates a magnetic field around the conductor
	Similar to electrons lining up in a permanent magnet
	Every wire carrying electricity has a weak magnetic field around it

	ElectroMagnetism
	Electricity is the flow of electrons
	Electrons flow in same direction
	This alignment of electrons creates a magnetic field around the conductor
	Similar to electrons lining up in a permanent magnet
	Every wire carrying electricity has a weak magnetic field around it
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	MAKING
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	MAKING
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	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	MAKING
	MAGNETISM
	Based on Francis Bitter's design, the MagLab increased efficiency by 40% by optimizing cooling-hole shape

	Florida Bitter Magnets
	Headquartered at
	Florida State University

	ELECTRO-MAGNETISM
	IN YOUR CLASS
	Money & Magnetism
	Your money is magnetism
	(Not what you think though)

	Money & Magnetism
	Money is magnetic:
	Coins are copper-nickel alloy (not magnetic)
	Pennies are copper-plated zinc (also not magnetic)
	Dollars are printed with iron-rich ink (magnetic!)
	Foreign Coins
	Canadian, British, Brazilian, Mexican (some)…



	Magnetism
	in our Food
	Pulling Iron
	Pulling Iron
	Pulling Iron
	Permanent & Temporary Magnets
	No rubbing necessary
	Magnetism happens almost instantly
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	Permanent & Temporary Magnets
	No rubbing necessary
	Magnetism happens almost instantly
	They are magnets
	North and South
	Attract and Repel
	Paper Clips remain magnetic
	Until something tampers with their field
	Field could last years

	Magnetism in the universe
	Meteors are high in iron content
	Burn up in atmosphere
	Waves wash them ashore
	Hold a strong magnet over beach sand
	Iron will attract to the magnet
	Excess sand will cling to the magnet
	Purify by spreading it on a sheet of paper and passing the magnet over it
	Instant Star Dust


	Magnetism in the universe
	Meteors are high in iron content
	Burn up in atmosphere
	Waves wash them ashore

	electromagnetism
	Materials
	Copper wire
	Iron rod
	Battery

	Extensions:
	2 batteries
	In line?
	Smaller/larger iron core
	Aluminum or wooden rod
	Will they work?


	electromagnetism
	Poles (Winding direction)
	Which is  North or South?
	Right hand rule
	Variables:
	Neatness
	Number of winds
	Wire gauge
	Battery strength
	Core size
	Temperature
	Precision
	Speakers work with a permanent magnet in an electromagnet coil
	Music sent as electrical current creates flux in the coil, causing the magnet to vibrate
	Vibration creates the sound we hear

	Make a Speaker
	AC/DC CURRENT DETECTOR
	Device shows AC current
	Materials
	Bi-color LED
	½ Watt, 400-500 Ohm resistor
	Lamp cord
	2-prong plug
	2-prong socket
	Electrical tape
	9-volt AC adaptor/transformer

	INDUCTION BY

	GRAVITY
	INDUCTION BY

	GRAVITY
	INDUCTION BY

	GRAVITY PART II
	PLOTTING ELECTRIC FIELD LINES
	More Lesson Plan Ideas
	Electric Motors
	Ion Motors
	Homopolar Motors
	Permanent Magnets
	Making Microphones

	ADDITIONAL ELECTRO-MAGNETISM RESOURCES
	Headquartered at
	Florida State University
	Headquartered at
	Florida State University
	MAGLAB
	RESEARCH
	EXPERIENCE
	OPPORTUNITY:
	RESEARCH EXPERIENCES FOR TEACHERS (RET)
	Summer Program
	1 Week in Person
	In the MagLab
	5 weeks virtual
	Wherever Home Is
	$3600 stipend
	What do you have to do?
	Complete online application
	Complete & submit lesson plan
	Sell yourself
	12 spots, 300+ applications


	2026
	MagLab RET
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	Scientist Advisor
	Topics for Lesson Plan Research

	PROGRAM
	OVERVIEW
	THANK YOU
	Carlos R. Villa
	DIRECTOR OF K-12 EDUCATION PROGRAMS




