
One More use for Induction

• Data storage!





High Voltage Transmission line pic from Wikipedia



Do “Transformers” worksheet





Do “Motional EMF” worksheet

















Voyager uses this effect to find where the edge of the Heliosphere is

(and thus, when it actually leaves the solar system)





What follows are cool magnetic 

things we don’t have time to go 

through in detail

No, this stuff won’t be on the test: 

not enough time to work out 

problems.
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Duluth: Declination = 0° 32' W changing by 0° 6' W/year 





Solar Magnetism

• The Sun rotates, has a 
conductive core

– Ionized gas

– Has a strong magnetic 
field

• Sunspots have intense 
magnetic fields, often 
paired

– Where field lines pop 
out of surface of sun

– Intense field cools the 
photosphere where it 
passes through





Sunspot Cycle

• Note 11-year cycle

– Sunspots increase in number to a “Solar 
Maximum” then virtually disappear every 11 years

• “Butterfly Diagram”

– Sunspot location and number

– At beginning of cycle, they are near the poles

– Move towards equator as cycle progresses



Last Cycle

• Last Solar Max was in 2001 

(we’re somewhere just 

past  the next one now)

• Useful figure showing 

sunspot number plot 

combined with pictures

• Note activity in outer 

atmosphere changes too!



Current Solar Cycle



Why?

• The Sun rotates differentially

• Faster at equator (25 days)

• Slower at poles (36 days)

• Magnetic field gets would up like rubber band



Field Reversal

• A twisted field 

pops through the 

surface, makes 

activity

• Twist it too much, 

it snaps

• Reforms with 

poles reversed!

• Wash, rinse, 

repeat each 11 

years

Animation from the SOHO satellite team



Solar Cycle

• So, an 11-year Sunspot Cycle is ½ of the 22-

year Solar Cycle

• Each 22 years, the Sun’s magnetic field is back 

to the same state it was 22 years ago



Effects on Earth

• Solar Wind causes Aurora

• Solar Flares, CME’s can 
disrupt satellites, 
communications
– Look at 

www.spaceweather.com

• Sunspot activity seems to be 
correlated with solar energy 
output

• The Sun is a Very Important 
Thing to understand
– We must learn more!

“Maunder Minimum” corresponds

with the “Little Ice Age”



So what’s going on with permanent magnets?











Paramagnetism



Fig. 28.28



Diamagnetism





Which of the following will occur when a diamagnetic material is 

placed in an external magnetic field?

1. Weak magnetic dipole moments are induced aligned in 

opposition to the applied field.

2. Magnetic dipoles within the material do not change in 

strength or alignment with the external field.

3. Permanent magnetic dipoles in the material increase in 

strength as they align parallel to the magnetic field.

4. Permanent magnetic dipoles within the material 

decrease in strength as they align antiparallel to the 

external magnetic field.

5. Permanent magnetic dipoles in the material decrease in 

strength as they align parallel to the magnetic field.



Ferromagnetism





Why do magnets stick to iron?







Right Hand Rule

• Cross Products

– e.g. (F = q v x B), (F = I L x B)

• Magnetic field around a bit of current

– From Biot-Savart (or maybe a whole wire)

• Magnetic Field from a loop of current

– Or, vice-versa if using Faraday’s Law


