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Before 1820
Hans Christian Oersted
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• Magnetic materials: Fe, Co, Ni & some rare earths Sm. Nd.  

• Some magnetic materials can generate magnetic field:  
Permanent magnet

2.    Action at distance (through field): demo

• only magnetic materials can shield magnetic field
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0=
space free ofty permeabili magnetic is

)(N/A   /104 27
0 mH-´= pm

The SI unit of magnetic field is the tesla (T)

• Wb is a weber

The cgs unit is a gauss (G)
1 T = 104 G

2 ( / )
Wb N N

T
m C m s A m

= = =
× ×

Magnetic flux density  B = mr m0 H = mH  
mr is the dimensionless, relative permeability, mis the permeability of 
a material.  
In most cases, B is the quantity of concerns

In the free space:   B= mmmm0000 H,   since mr =1
Insider Fe:   B=5200 mmmm0000 H, since mr, Fe ~5200
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H
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Auxiliary Field
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N: total turns of the coil
L:  total length of the coil
n=N/L: number of turns per unit length.
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Design a solenoid that can generate a maximum magne tic field of 
0.05 T with 6 A current.

( ) ( )
mturns

AAmT
T

i
B

n /6634
6/104

05.0
7

0

=
··´

== -pm

If we use 16 gauge wire (diameter=51 mil, i max=6 A), one layer of wire will have 

turns
m

n 772
1054.21051

1
' 23 =

´´´
= --

We need about n/n’=8.6 layers of coils.
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× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×

I

F

× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×
× × × × × ×

-q
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F
rqVB

qVBF

BVqF

B

B
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=
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qsin
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Mass Spectrometer:
Cyclotron (accelerator)
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A wire of 62.0 cm length and 13.0 g mass is 
suspended by a pair of flexible leads in a uniform 
magnetic field of magnitude 0.440 T.  What are the 
magnitude and direction of the current required to 
remove the tension in the supporting leads?

iLB =mg 

i =mg/LB 

=0 .0130 x 9 .8/0 .620 x 0 .440

=0 .467 A .

BLiF ´= 


