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I@;m Scose-of this fecture

Themain goals toprovide anoverview2 y WN2 2Y U SYLIS&J G d
normalconducting, irordominated electremagnets and permanent
magnets
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More than4800W N2 2 Y (0 S Ynaipi50 eddares are installed in
the CERN accelerator complex

Outline

Producingmagnetic fields
Magnet technologies
Describing magnetic fields
Magnet types iraccelerators
Design & manufacturing
Examples from the past
New concepts fofuture accelerators
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Vlzgnetic unrnits
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IEEE defines the following units:

A Magnetic field:
I H(vector) [A/m]
I the magnetizing force produced by electric currents
A Electromotive force:
I e.m.f. orU [V or (kg M)/(A )]
I here: voltage generated by a time varying magnetic field
A Magnetic flux density or magnetic induction:
I B(vector) [T or kg/(A%]
I the density of magnetic flux driven through a medium by the magnetic field
i Note:A YRdAzOGA2Y A& FTNBIldSSyidte NBEFSNNBR i
I H, Band urelates by:B= uH
A Permeability:
I U= Ll
I permeability of free spacg,= 4~ 107 [V s/A m]
I relative permeabilityy, (dimensionlessys; = 1; 1., > 1000(not saturated)
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A hit of histary

1820:Hans Christia®ersted(1777%1851)

finds that electric current affects a
compass needle

1820:Andre Marie Amper¢l7751836) in
Paris finds that wires carrying current
produce forces on each other

1820:Michael Farada{17911867) at

Royal Society in London develops the

iIdea of electric fields and studies the
effect of currents on magnets and
magnets inducing electric currents

1825: British electricianjVilliam Sturgeon
(17831850) invented the first
electromagnet

| 1860:James Clerk Maxwe18311879), a

Scottish physicist and mathematician,

puts the theory of electromagnetism g

mathematical basis

William Sturgeon
C A

Joseph Henry
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guide the beam to keep it on the orbit
focus and shape the beam

2 NBy i1 ®&q(E2WRIBS Y

I for relativistic particles this effect is equivalentl% = c||3I
I if B= 1 Tthen £= o T 8Wim(!)

Normalconducting & Permanent Magnets

THE PRINCIPAL MACHINE COMPONENTS Riaseiating CAVITY

OF THE LEP ACCELERATOR . f)) ) )7

Focusing MAGNET o \

ent magnetprovide only constant magnetic fields
jnetscan provide adjustable magnetic field
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Normalconducting & Permanent Magn

dza a LIJqu><f cbnﬂervatléin
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Producifg the iz
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Maxwell & Ampere:
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MAYNETIC PlIScussioN

oRight hand rulé | LILJX A S &
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¢ circuit

Mzgneti

2sent the magnetic field

e the current direction
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@ Mzgnetic circuit
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Coils hold the electrical current which
Induces a magnetieffect

magnetic flux
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@‘m Vlzgnetic circuit
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/= 32 kA /= 32 kA
Bcem‘re= 0.09T Bcentre: 080T
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Component: BMOD
0.0
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The presence of a magnetic circuit can increase the flux density in the magnet aperture by factc
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cycitatioricunreatinia dionle
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I" h 11 g h 11 ) h
leads to NI :ﬁ§®il - ﬁECdI + ﬁi@" - Bh + B/
m gaanir yoke,mon nZir nﬂon

assuming, thaB is constant along the path.

: . h /
If the Iron is not saturated: > >
nZlir /non

then: NI © B—h

n
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Permezhility,
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sheet steel

m=rmm cast steel

Normalconducting & Permanent Magnets

eability:correlation between Flux density

100 500 600 700 800 900 1000
n current NI [KA]

. (B)
gnetic field strength/and N—
agnetic flux density
11 11 « o .
- = /78 n?H Field intensity (H)
)
0 P Ferromagneticmate
AT LT permeability fz >>
i constant
=
Q —~ ==Wwithout iron |
% =e=with iron (constant permeability
5 =&=Wwith iron (non-linear)
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Mzagnet tecnine

[ Magnets ]

[ Electreamagnets }
|

Superconducting ]

S

[ Permanent magnets

[ Normalconducting }

Coil dominated
B<11T

Iron dominated Coil dominated
B<2T B<1T

Iron dominated
B<2T
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