Charge! EleCtriCity and
Magnhetism
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What is Charge?
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What is Charge?

electron

« When atoms don't have as many
electrons as they do protons,

they Carry q Charge!

° How do they ACW neutren nucleus
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What is Charge?

electron

« When atoms don't have as many
electrons as they do protons,
they Carry q Charge!

 Opposite Charges attracCt
neutron
L’Ke Charges Yepel nucleus
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Where have YO seeh charge?

« “CtUCK” Charges are also Called “StatiC
Electricity”...

« Everyday examples are:
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Where have YO seeh charge?

« “CtUCK” Charges are also Called “StatiC
Electricity”...

« Everyday examples are:
- SoCKks ih the dryer
- Walking around in your SOCKS onh Carpet
- (zetting out Of the Car ih winter
- Lightening!
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Charge in Action!

» TWe nheed some voluhteers!

« We have some balloonhs ahd some string...
- Cah you show us how like Charges repel?
- How Canh you test for Charge? (EleCtroscope!)
« We also have some wool ahd plastic...
- TWhat things get attracted to 3 StatiC Charge?
- Are you surprised at what does & does hot?

Ballooh Demo
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file:///C:\Program Files\PhET\sims\balloons\balloons.jar

Electricity is Moving Charge!

« How Canh we make Charges move?
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Electricity is Moving Charge!

« How Canh we make Charges move?

« We heed a voluhteer!

- e have some |lemons, copper, ZinC ahd a CloCk
- Cah You make the cloCck work?
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Electricity is Moving Charge!

« How Canh we make Charges move?

» Ve need a voluhteer!

- e have some |lemons, copper, ZinC ahd a CloCk
- Cah You make the cloCck work?

« ThiS iS @ ChemiCal generator!

- What are some other examples of Chemicals
Creating elecCtriCity?
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More ways to make elecCtriCity...

« NJOt 3ll OF our eleCtriCity Comes from
batteries...

« We need ahother voluhteer!
- e want to light a light bulb...

e Fermilah I



More ways to make elecCtriCity...

« NJOt 3ll OF our eleCtriCity Comes from
batteries...

« We need ahother voluhteer!

- e want to light a light bulb...
« ThiS IS @ meChaniCal geherator

- What other mechaniCal generators Cah you
thihk Oof?
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Power Plants!
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CIrCuits

» Electricity heeds to flow from high vol|tage
tO |OoWw Vo|tage

- Moving electricity is called CURRENT

e Fermilah I



CIrCuits

» Electricity heeds to flow from high vol|tage
tO |OoWw Vo|tage

- Moving electricCity is Called CURRENT
- A |0t OF Current Canh be dangerous!

e Fermilah I



CIrCuits

» Electricity heeds to flow from high vol|tage
tO |OoWw Vo|tage

- Moving electricCity is Called CURRENT
- A |0t OFf Current Canh be dangerous!

e IF there's g break in q CirCuit, current
won't Flow!

- There are “open,” “closed” and “short” CirCuits
- Help us make some CirCuits!
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More about CirCuits...

« There is g SpecCial relationship between
Vo|tage, resistahce ahd current!

Gitmple Circuit Demo
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file:///C:/Program Files/PhET/sims/ohm-1d/ohm-1d.jar

More about CirCuits...

« There is g SpecCial relationship between
Vo|tage, resistahce ahd current!

Gitple Circuit Demo

 HOW fast dO eleCtrons ahd elecCtriCity really
move?

Electrons and ElectriC Signals
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file:///C:/Program Files/PhET/sims/signal-circuit/signal-circuit.jar
file:///C:/Users/Program Files/PhET/sims/ohm-1d/ohm-1d.jar

Magnhetism

- What is a magnhet?
- How does it aCt?
- What Kinds have you seen?
- What happens to hon-magnhets around maghets?
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Maghetism

» What is a magnet?

- How does it aCt?

- What Kinds have you seen?

- What happens to hon-maghets around maghets?
« Ve need anhother voluhteer!

- TWhat Canh you pick up with a magnet?
. IS it the same as we picked up with a statiC Charge?
« DO maghets Carry a Charge?

- What will the magnhetiC force go through?
e FermilaD I



A Compass is a Magnhet!

. Compasses aligh with maghetic field lines
- What does that imply?

Magnetic
field lines

A

(&N
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A Compass is a Magnhet!

« Compasses aligh with magnhetic field lines
- What does that imply?
- The Earth is a (really, really bng) anetl

Magnetic

ﬁekihnes

(E)
(=N
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Electricity & Maghetism

» SpecCial things happen when you have a
Changing magnetic field...
Changing MagnetiC Fields
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file:///C:/Program Files/PhET/sims/faraday/faraday.jar

Electricity & Maghetism

» SpecCial things happen when you have a
Changing magnetic field...
Changing MagnetiC Fields

« ThHis iS how power planhts generate the
electriCity we use every day!
- Each type of plant uses something different to
turn the magnhets:

« Wind, water, or steam is usually used
« Co0al, hatural gas, and fission just make steam!
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file:///C:/Program Files/PhET/sims/faraday/faraday.jar

Magnhetism & EleCtriCity ?

« TAJe Cah also make maghets out Of
electricCity!

- A |0Op Of Current Creates g maghetic field
- More |oops = more maghetic field!
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Magnhetism & EleCtriCity ?

« TAJe Cah also make maghets out Of
electricCity!

- A |0Op Of Current Creates g maghetic field
- More |00ps = more maghetic field!
« We heed a voluhteer!

- What Can you piCk up with ah eleCctromaghet?
- What does the electromaghet do t0 § CoOmpass?
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Magnhetism & EleCtriCity ?

« TAJe Cah also make maghets out Of
electricCity!

- A |0Op Of Current Creates g maghetic field
- More |00ps = more maghetic field!
« We heed a voluhteer!

- What Can you piCk up with ah eleCctromaghet?
- What does the eleCctromaghet do t0 § COmpass?

« What other electromaghets have you seen?
e Fermilah I



Everyclay EIeCtromagnets

'@ _._.._3:... = &= s_::u
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Maghets Making Magnets

« We've seen that g Chahging maghetic field
malkes electricCity

- This is what made power plants runf
o BUt eleCtriCity alsSO makes magnhets...
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Maghets Making Magnets

« We've seen that g Chahging maghetic field
malkes electricCity

- This is what made power plants runf
o BUt eleCtriCity alsSO makes magnhets...

« Ae heed ahother volunteer!
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Maghets Making Magnets

« We've seen that g Chahging maghetic field
malkes electricCity

- This is what made power plants runf
o BUt eleCtriCity alsSO makes magnhets...
« Ae heed ahother volunteer!

- The “ihduced eleCtromaghet” Creates a field
that opposes the Changing magnetic field!

- YOou don't get something for nothing!

e Fermilah I



One Thing [Leads to Anhother...

o Tmaginhe that instead Of starting with a
magnhet, we started with some wire!

- Running electricity ih g |0oOp Change in B
will make a maghet...

- A Changing magnet makes B \
electricity move... (Increasing)

— —

- Which will make
ahother maghet! (& 'r_:, )) Il
induced
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Particle AcCcCelerators at Home!

« Did Yyou Khow that You probably have a
partiCle aCCelerator at home right how?
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Particle AcCcCelerators at Home!

« Cathode Ray Tubes, the original kind of
TVS, are partiCle accelerators!

electron

cathode beam

accelerating
. anodes

focus
anode

deflection

colls
phosphorescent

screen
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Particle AcCcCelerators at Home!

« Cathode Ray Tubes, the original kind of
TVS, are partiCle accelerators!

electron

« IWe heed a voluhteer!  cathode beam

accelerating
. anodes

other maghets, they alSO | wmmmd

bend moving Charge

- Electromaghets inh your  anode

- Maghets don't just effect

. deflection
TV make a singe electron ols
beam draw a mMoving picture SpchZl; orescent
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Back to Charge...

. A Vanh de GraaffF generator creates a large
Vol|tage difference '

» We've |learnhed a |0t gbout b5 / ﬂ:
static and moving charges ™ & ™
today...

« Help us guess what will
happenh whenh we
experiment with the

Vanh de Graaff!
2t Fermilab _




Questions ¢ Answers

« Tt has been a fuh day! Thank you for being
such good hosts!!

« AhY questions gbout Charge, electriCity or
maghetism?

e Fermilah I



Questions ¢ Answers

« Tt has been a fuh day! Thank you for being
such good hosts!!

« AhY questions about Charge, electricCity Or
Mmaghetism?

« AhY questions about physics, science,
scientists or Fermilab?

e Fermilah I



Thank You!!

« Please Visit Fermilab anytime!

- The [Lederman Center has |ots Of aCtivities to
help You |learh about what we do at Fermilab

- We have buffalo ahd prairie trails, toO!
« (Jseful links:
- Fermilab Education Office: http://www-ed.fnal.gov
- AmeriCan Science ¢ Surplus: http://www.sCiplus.com/
— JaVa Demos: http://www.colorado.edu/physics/phet
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