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Magnetic recording devices

Magnetic stripe on credit card

Hard disk



oeriodic table

Atomic magnetic moment
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Magnetism is a property of unfilled electronic shells :
Most atoms (bold) are concerned but only 22 magnetic in condensed matter

Magnetic Periodic Table
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Magnetic moments of isolated
atoms




Transition metal atoms

Element Name

Atomic

Common

Electron Configuration

and Symbol | Number | Oxidation States
Sc: [Ar] L 1
Scandium (Sc) 21 g 25 Sc: [Ar] 4s23d! SHEEE 4s SO
3d
i: [Ar 1L 1 1
Titanium (Ti) 22 +4 Ti: [Ar] 4s23d° e 4s N
3d
: [A 1L i I I
Vanadium (V) | 23 | +2.43.+4.+5 | V:[Ar]4s?3d° il s v
3d
Chromium - —— Cr: [Ar] 4s'3d° crifar] L 4 S I 1 R
(Cr) P - ~——
Alangancse 25 | +2,+3,+4,+6,+7 | Mn: [Ar] 4s23d° mecfary A 111 11
(h'lﬂ) > ] ] > - \____'_______3\;________'__#_/
Iron (Fe) 26 +2. 43 Fe: [Ar] 4s23d° Fe: [Ar] 14|, %\_l,,j,_l,_J
3d
Cobalt (Co) 27 +2. 43 Co: [Ar] 4s23d’ Sl 1 ’]L\L_j;ll
3d
Nickel (Nl) 28 +2 Ni- [AI‘] 4523d8 Ni: [Ar] 1'; /”f\j_l:—‘_‘ll:_j_/,]
3d
. [A 1L 4 4 4L 4l
Copper (Cu) 29 = Cu: [Ar] 4s'3d" Cu: LAn] 15 R s et
3d
:[A | | 5 O | O |
Zinc (Zn) 30 +2 Zn: [Ar] 4s234d'° L 1& Mo o
3d




Hund's rules (Hercules lectures/VSimonet)
Atomic magnhetic moment

Several e- inan atom: L = Zl S = Z S
ne— TLe—
Combination of the orbital and spin angular momenta of the different electrons :
related to the filling of the electronic shells in order to minimize
the electrostatic energy and fulfil the exclusion Pauli principle

Hund's rules
§: S = ZT‘”’S maximum

ne—

2: [, = E ™ maximum in agreement with 15" rule

ne—

Spin-orbit coupling : relativistic expression of the magnetic induction effect
on the spin of the e- from its orbital motion AL.S E> J =T, + g

total angular momentum
3 = |L— 9| = |L+5|

for Ie.ss Than filled shell  for mor'e than 5 filled shell




Hund's rules (2
Atomic magnetic moment

A given atomic shell (multiplet) is defined by 4 quantum numbers :
L, S, J, M; with -J<M<J

Application of Hund's rules: |

. m. [[1inlinliz]12) 1211212 |F12R12b1 211201 2R 2512
Dy?* : 9 electrons mi3[2]1o]|-1|-2[-3)f3]2[1}0]-1}{-2]-3

L=5,5=5/2,J=15/2, M; (-15/2 < M< 15/2)
the ground state is 16-fold degenerated

Total magnetic moment
M = —pug(L +29) with the Lande g-factor
5 JJ+1)+55+1)—-L(L+1)

M = —gupJ s 2007 +1)




Domains in a ferromagnet
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Matériaux doux Matériaux durs

MA

r Mp_—

Transformateurs
Guides de flux Aimants permanents, moteurs

Blindage magnetique Enregistrement magnéetique

.
Laboratoire Louis Néel, Grenoble, France. Olivier Fruchart - Exposé SFP/UDPPC - 23 mars 2005 - p.6




ENREGISTREMENT MAGNETIQUE — Historique
Télégraphone
(1898 W Puulsen)

RAMAC (IBM, 1956)
2 kbit /in?
50 disques @ 60 cm
Total 5Mo

2 Disque dur actuel
(>20060)

Laboratoire Louis Néel, Grenaoble, France. Olivier Fruchart - Exposé SFP/UDPPC - 23 mars 2005 - p.11




IBM Areal Density Perspective
43 Years of Technology Progress
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Laboratoire Louis Néel, Grenoble, France.

Olivier Fruchart - Exposé SFP/UDPPC - 23 mars 2005 - p.11




Principe du stockage Vue du disque dur

Téte d'écriture
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Vue en coupe du disque dur

Laboratoire Louis Néel, Grenoble, France.

Olivier Fruchart — Exposé SFP/UDPPC - 23 mars 2005 - p.13



superconductivity




superconducting compounds
and their Tc

HgBaCaCuO @ 30 GPa: record T, at 164 K
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Superconducting elements

Superconducting Elements

In Bulk at Ambient Pressure
[[] At High Pressure
[] In Modified Form

75 2 (ZTF |/ =
J!!J Co Ni Cu

33 1 A7

TH T4
Pt Au

o2 7 MM

101 102 103
Fm Md No Lr




permanent

superconducto

normal metal

current loops

Fifth Experiment: Superconducting Energy Storage Ring

The 56 Supsrconduckor Energy Storage Kb s simple o
undersmand. The fundamen@l property of superconduckors is it
complete lack of resismnce to electrical current. This property can be
exploited by using a ring (boroid) of superconduckor material bo store
electrical power. Once the current is induced in the toroidal, i lack
of resismnce allows the induced current to flow forever. These
permanent currents in a superconductor are called persistent
currents. The current alsa produces a magnetic field around the
superconduckor, creating a powerful electromagnest

The primary component in the 56 kit is a superconductor toroid (see
Figure 4). To perform the experiment, the toroidal is completely immersad in liquid nitrogen (=== Fiqure 5)

Styrofoam Cup

Liguid Nitrogen
oty u?{:.
Sk _5\._“—’

—_—

|
Se— +.+
Toroidal
Superconductor |l s

— Compass
A current is induced in the boroidal ring by passing a rare sarth magnet through the opzning of the toroidal, The
toroidal may be momentzrily removed from the liquid nitrogen ko perform this operation, then quickly placed back
into the liquid nitrogen.

The induced current can be detected by measuring the deflection of a compass nesedle held in close prokimity b0 the
superconducting toroidal

The 56 kit's experimenter's guide provides equations and procedures for estimating the current in the supsrcond uckor
ta==d on the deflection of the compass needle.

While in theary the current in the toroidal should flow forewer, because of flux creepand flux flow there is a small
exponential decay of the stored electrical current. |t has been estimabed that in L0223 years the stored current will
decrease to approxdimately 500 of it initial value.




Meissner effect for a sphere
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Type | and type i

The critical temperature versus
Magnetic field in Type | and in
normal state Type Il superconductors

superconducting state

The mixed state
(magnetic flux
forming a vortex
lattice)

Magnetic fie




BCS theory

Cooper pairs make super conductors

| | | | The building block
@ " ) D - i for the BCS state

| | | | is a boson,

the Cooper pair :

a pair of electrons
of opposite spin
that form a

bound state due to
their interaction
via phonons

Superconductivity
arises due to the
electron-phonon
Al extremely IOw temperatures ' |

m 15 it. This movement of the ions creates a more positive region that attracts Inte raCtlon .

another electron to the area.




The waltz of the Cooper pairs




The ground state is stable
because there is an energy gap

Fermi surface

Figure showing
the gap : the region (red)
of forbidden energy

Cooper pairs can be broken up by
iIncreasing the

or

iIncreasing the

or

iIncreasing the

Electron Magnetic
- Fold Electron
*

L . Electron
Electron &
(B)Cooper pair (electron pair) is destroyed

by a magnetic field, leading to the
disappearance of superconductivity.

(A)Cooper pair (electron pair) exists

stably in a superconducting state.



The BCS equations for the gap
and for Tc

The critical temperature

and the zero temperature gap
depend

1) on the Debye energy ED

2) on the density of states at the
Fermi level N(O)

3) on the effective
electron-electron attraction V

AT =0)=




Web site for nonspecialists

http://www.supraconductivite.fr/fr/index.php#supra-intro
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