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Part I : Introductory concepts

Introduction to Magnets: Outline

Organization of the magnet week

Part II: Theoretical foundations
Fundamentals I : Maxwell
Fundamentals II : Field Harmonics
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Organization of the Magnets Week
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Normal-conducting accelerator magnets

How to design an accelerator magnet, with “real” examples

3D-field homogeneity
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Properties and behaviour of superconductors

Use of superconductors in magnets

Superconducting Accelerator Magnets
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Mini-workshop on normal conducting magnets

Goal: outline design of a normal conducting magnet

λ

h
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Mini-workshop on superconducting magnets

JUAS, 20/02/2014 Mini-workshop on superconducting magnets 8

Superconducting 
material

Superconducting 
strand

Superconducting 
cable

Superconducting 
coil

Superconducting 
magnet

Goal: outline design of a super-conducting magnet
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Introductory concepts
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Basic principles : electric circuitElectricity

𝑰 = ∆𝑽/𝑹

𝑹

∆𝑽

∆𝒍
= ρ ∙ 𝑱

electric strength

produces a J

𝑱 ∙ 𝑺 =
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Hydraulics

𝑸 = ∆𝑷/𝑹

∆𝑷

∆𝑷

∆𝒍
= 𝜆 ∙ 𝒗

hydraulic strength

produces a v

𝒗 ∙ 𝑺 =
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Basic principles : electric circuit

air

gap

iron 

core

coil

current

magnetic field

Magnetism

𝝋 = 𝑵𝑰/𝑹 =
𝟏

𝑹
 𝑯 ∙ 𝒅𝒍

NI= «magnetomotive force»

𝑯 = ρ ∙ 𝑩
magnetic strength

produces a B

𝑩 ∙ 𝑺 =
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B & H

In a given material, a

magnetic field strength H

produces a 

magnetic field induction B

according to

B= 𝜇0 ∙ 𝜇𝑟 ∙ 𝑯
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FLUX

Source: http://smsc.cnes.fr/OVH/

http://smsc.cnes.fr/OVH/
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Basic principles : inductance

The inductance is the equivalent of the inertia.

A large inertia (I)/inductance (L) means you need:

• a large force to suddenly increase the speed

• a large voltage to suddenly increase the current/field

 you can store energy in a wheel rotating at speed 

 you can store energy in a coil supplied by a current i

When the magnetic field has to be quickly changed you

want to keep the inductance low, typically by reducing

the number of coil turns.

22

2

1

2

1
iLIE  

Inductance
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Magnetic Energy
When you fill a volume with a magnetic field you are storing a «Magnetic Energy»

dVHBdE 
2

1

This is the work you need to fill a volume dV with a field induction B

When you empty the volume you get back the energy, but not entirely.

http://www.usgs.gov/
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Hysteresis
Conied in 1890 by Sir James Alfred Ewing, derived from ὑστέρησις (lack, later)  

A property of a system such that an output value incorporates some lag, delay or 

direction/history dependence from the corresponding input (ex in regulation).
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Hysteresis

http://hyperphysics.phy-astr.gsu.edu
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Technologies

Permanent Magnets
The magnetic energy stored in the material is used in the magnetic circuit. This means that the 

magnetic field amplitude that you can produce in a given volume of air depends on:

1. the magnetic energy density that the permanent magnet material can «store»

2. the size (volume) of the permanent magnet

Electromagnets
They can be essentially:

1. normal conducting:  typically iron dominated because, below saturation, the magnetization

ampereturns are cheap

2. superconducting: more complex than normal conducting, typically used only when strictly

necessary profiting that the superconducting ampereturns are cheap. Used then when the 

required field is above iron saturation (> 2T) or even at lower fields when the air gaps are so

large that powering the required ampereturns would be non economically advantageous with

respect to a normal conducting version.
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