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Quantities and units in physics
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Quantities and units in physics

Q spintec

Quantity
. Example: speed| 1 & o
< Dimension: AETI , ¢4

Units
< Why?
- Provide a measure
- Universality: share with others
- Possible formalism:
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The electric charge and the electric field QS Qi ntec

IN IN ELECTRONICS

Facts: force between charges Modeling by the Physicist
, nn . - Electric fieldA o €o  NAo
Fyo Bale | I - Charges are scalar sources of electric field
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IN IN ELECTRONICS

The electric charge and the electric field QS pintec

Macroscopic level: Gauss theorem Microscopic level: Maxwell equation

- Ostogradskiheorem \ N
” I

a tAAD b

, 10 Volumedensity
1 0 ofelectriccharge

< Qis the scalar source &

10, 0@1 9 0@ ,
W 17
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Origin of magnetism O spintec

(Ersted experiment in 1820

or

Century-old facts
. Magnetic materials (rocks) f&

N

Hans-Christian Oersted,
1777-1851.

Birth of _
electromagnetism
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The electric current and the magnetic induction field

Q ISPIN IN ELECTRONICS

ntec

Facts: force between charge currents

. 0ga 1a ‘1 |

1€ o0

A
v

O

Note: former definitionof the Ampere

The force between two Jinfinite wires
1m apartwith currentlAjg ¢ pmt . 7l
Wwa's
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Modeling by the Physicist

- Magnetic mductlon field: Biot & Savart la

®|® n 21
& Q’( =

- Retrieve the force (Laplace)
Qa Al

:>é 1A

< Magnetic induction
field defined through
Lorentz-orce

1€

W
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IN IN ELECTRONICS

The electric current and the magnetic induction field QS Qi ntec

Macroscopic level: Ampere theorem Microscopic level: Maxwell equation

. Stokes theorem A
A ( WA B n’A't'Aé j: Volumedensityof current (A/m?)

z

< jis the vectorial 1
source of curl oB
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=) 0 ' A, itl A B AtA
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Maxwell equations (in vacuum) QS pintec

IN IN ELECTRONICS

t A T_ :> Gausgheorem
. TA
A o :‘[> Faradayaw of induction
v e TR
A (l ] T_g :‘[> Ampéretheorem
tA T :{> B is divergence free
(no magnetic poles)
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The magnetic point dipole (a magnetic moment)

Q spintec

Biot and Savart

‘ Da 7l

Bl

1A

- Note 1/r2decay

The magnetic point dipole

Ampere theorem and (Ersted field
A O

< Note: 1/r decay

- Simple loop
@l figii

.. General definition

g " 1CD) Ad
r—DQ))_;\/Q ’

e

‘ [0 (o T30 ] J Note 1/r3decay
1 i

== (9] Ail-©9 ' OEFl)
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Q spintec

Magnetization
Definition
- Volume density of magnetic point dipoles
E 1o L Tm
1 D

- Total magnetic moment of a body

- EAD !t

D

< Applies to: ferromagnets,
paramagnetsgiamagnetstc.

< Must be defined at a length scale
muchlargerthanatoms

< Is the basisfor the micromagnetic
theory

Equivalence with surface currents

i

- Name: Amperian description of magnetis
4 Surface current equals magnetizationfim ‘"
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Free currents and bound currents

Back to Maxwell equations

- Disregard fast time dependence:
magnetostatics

S

- Consider separately real charge currént,ﬂ
from fictitious currents of magnetic dipoles

O spintec
The magnetic field H

A )
- One has: (— E) l

< By definition: &

A 0 1)
. One can show: E 1 i
v ia o 8 ; | T
. QOutside matterA and &

have exactly the same meaning.

Olivier FRUCHART - Units in_Magnetism

coincide an

d

B versus H : definition of the system

- M: local (infinitesimal) partin O  of the
system defined when considering a magnetis
material

< H: The remaining of B coming from outside
1 0O liable to interact with the system
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Derivation of the dipolar field

@spintec

The dipolar field H, Derive the dipolar field
- By definition: the contribution tél o : - n
not related to free currents (possible | Maxwel 1 —eqgihat i on i LE
to split as Maxwell equations are ELCD]
linear) 2 £ ) A
) ; ﬁ> e (h v — Anee
B, = :> 5 %o 0 ™ [T 7T
A " Extona Co
$ ¢ EHY ™ma m@; L>O<§ . i i . .
d /I | Tolift the singularitythat mayariseat boundariesa
volumeintegrationaroundthe boundariesyields
Analogy with electrostatics c ) cHClo) .
?A TI :> ?A %0 € ( I) .l_u |n| nI | AD _l_u |n| ,‘I | Al_]
"O 0 ti 7l - volume density of magnetic charges
., O 0 i (DIl 71 — surface density of magnetic charges
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Stray field and demagnetizing field

Q spintec

Example

Vocabulary

.. Generic names

Magnetostatic field
Dipolar field

. Inside material

Demagnetizing field

- Qutside material

Stray field

- Surface charges

S0 01 Dt

Permanentmagnet(uniformly-magnetized

\\\

_ Dipolar field
. . C1) Cl
: () (1) (

B [~ o

1) ..
) AN
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Stray field and demagnetizing field Q spintec

IN IN ELECTRONICS

A\l

4

Example Permanentmagnet(uniformly-magnetized

.7

- Surface charges
, O 01 CDti

1\|

Vocabulary

m .. Generic names

Magnetostatic field
Dipolar field

./ Inside material

Demagnetizing field

- Qutside material

- Dipolar fielcé“I Yt Stray field
nI 7 : = AI_]
(D L I .

lllustrationfrom: M. C o e lyooks
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B versus H — Amperian versus Coulombian — Continuity conditions O spintec

Coulombian Amperian
- Pseudecharges sour - Fictitiouscurrentssourceof B

A NW B
T

Jr Armuum t ’A
- No closed - No magnetic
\ monopole

4 ; n 4 // o
G TN T B

OUE -wn
From M. C o_e lyooks |
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Dimensional analysis (example: lengths) QS Bi ntec

The dipolar exchange length The anisotropy exchange length
When: anisotropy and exchange compete | When: anisotropy and exchange compete

{1 L , 1 a
(@) OC—‘> v OE 4+ O OC—‘> v OE+-

\v

Tw _ Tw .
l Exchange l Dipolar 0 lExchange l AnlsotropyJ
i 'O =4 0 i ¥

3@ Joru| > épl 10 pmini
o Hard Soft

35 /010 \/qar O

3 éoc pr i
Critical singlelomain size, relevant for

Domain Wall Yidth
small particles made of soft magnetic Qﬁ&/
materials Bipol

_ Sometimes called: Bloch
Often called: exchange length parameter, or wall width

Note: Other length scales can be defined, e.g. with magnetic field
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IN IN ELECTRONICS

Units in SI versus cgs QS pintec

S.L. cgsGauss
Definitions | Meter m Centimeter cm Problems with cgs
Kilogram kg Gram g - The quantity for charge current is missir
Second s Second S No check fohomogeneity
Ampere A Ab-Ampere ab-A=10A paradoxor spintronics
. L. . i . - Inconsistent definition df
A e E A & T'E Dimensionlesguantitiesare affected
: ° p 1 338 €. Cm a8 demagcoefficients susceptibilityetc.

Conversion of measures for the same quantity

Field € p! M < > 1 pm/ A Grsted
Moment p! di « » pmAl O

Magnetization E p! 7l < > ot Al TN Electromagnetic Unit
Induction "A p4 < > p T Gauss

Susceptibility .. 0O FO o) < > pFt"

Tutorial onunits Questions http:// magnetism.eu/esm/2018/abs/fruchapracticatabs1.pdf
Answers http:// magnetism.eu/esm/2018/abs/fruchapracticatanswersl.pdf
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IN IN ELECTRONICS

How to convert units from one system to another? QS Qi ntec

Example: length ¢y & ()

s Refeven
O\

QVOW\\I} }\7

@V\O “n l"

l\4€a Svve

The Sl standard is 100 timeARGERan the cgs one
" " ” The ratio is opposite if one considers the
L U 1) L TT RUR standard for a quantity (a quantity) or the

v Tt is equivalent tou TT TOT measure (a number) of a given quantity

The Sl measure is 100 tin@BIALLERan the cgs one
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How to convert units from one system to another?

Q spintec

Process for converting units
1. Convert all basic units (MKSA)

(,) | AOA®T,)

(- ) EEI | COAl)
(4) OAAT (4
() L 1 BT OfAm ())

2. Decompose any given quantity in basics units. In
practice, identify a formula linking if to quantities
already decomposed

3. Apply the formalism defining units and measures

W (W

Example Mechanics, forc&
€ 4 a
AEE - ¢ ¢4
0 "0(0
0 () (=) (4)
Opmn) pm-) (p) (4)
O p (&
p. isequivalenttop mA OC
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How to convert units from one system to another?

Q spintec

Proposed logarithmic formalism
for dimensionality
AER , ¢ ¢4 ¢
(W) T(w)
M(meter) |[,] pmmm pT
K (kg) -] mpmm pm
S (second) [4] TmmpTt P
A (Ampere) [)] Tmmtmp P T
L P T A T O Y R
Ml 0117

N

Example

lpp
CO
COo

Mechanics, forc&

[H [mpmm
G

Tt

Tt O v

p. isequivalenttop A OC

[pt g
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Dimensionality of units in magnetism @ spintec

Dimensionality
e A magnetic moment has the dimension of a pinpoint magnetic dipole u = /S. thus, [u] =[2001].

e Magnetization is a volume density of magnetic moments: M = u/V, so: [M] =[-1001]. M and H have
the same dimension as we can see from: B = pg(H + M). Thus: [H] =[-100 1].

e Magnetic induction B is what matters in Lorentz force F = qv x B, so that: [B]=[01 —2 —1].
e Magnetic flux is ¢ = BS so that: [¢] =[21 —2 —1].

e Finally, as in electricity, o makes the link between the source (current) and fields on one side, and energy and
mechanics on the other side, as for the Lorentz force above: B = po(H + M), or in vacuum: curl B = j,
from which one derives: [pp] =11 —2 —2].

Units (easy situations)
e Induction B. 1T is equivalent to 10* G, G standing for Gauss.

e Magnetization M. 1 A/m is equivalent to 10—3 uem/cm?, emu standing for ElectroMagnetic Unit.
e Flux ¢. 1Wb (Weber) is equivalent to 10® Mx, Mx standing for Maxwell.

o Moment u. 1A-m? is equivalent to 103 emu.
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How to convert units from one system to another?

Tricky case 1: magnetic permeability
o = Mo tilo)
1 lep ¢ ¢l
°© () pngpmgpm) ()
O (jugdgy= POTje, )

() %¢ o

S.L. cgsGauss
A ' & E A € T'E

O Unit for permeability dropped; H 4pi larger in ¢gs

Tricky case 2: magnetic field H

Sl: 0 ' (") O(O
0 tpmpm( ) pmO(O
Remember:[(] [pmm ¢TI

cgs: © 0O (O
(‘) P

O t“pm O O

p! M isequivalenttor“ p 1t / A

Q spintec
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The most tricky situation: dimensionless quantities

Demagnetizing coefficients link H with M
(€ 71) 0 TEti il
. UG iEti, AEI Al OEI
b v 0 p
- Definition O 0 U
O ((3 §] 0 ) b5
- Definition 'O “ 00
O (L’S 0 0 ) o)

_—)

Magnetic susceptibility links M with H

. Definiton ... 1 Ul O
\l A O O @) - 7'[ i
. Definition ... 1“7 Uf O

O

> Both definitions are used...

Q spintec
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N IN ELECTRONICS

Quantum revolution in Sl units in 2019 ngi ntec

Define quantities

- Times
- Length
- Mass

- Electric charge

Fixed values

. Speed of light> Define meter
To be measured P J

. Magnetic permeability of vacuum - Planck constant Defines kg
‘ “ p T 3398 < Charge of the electron

‘o Tt'[p qBuUcd)tpm ] p T 388

R. BGoldfarb, IEEE Trafdagn MAG. 8, 13 (2017%; R. BGoldfarb, IEEE Mag. Lett.1205905 (2018)
S.SchlammingeiRedefininghe kilogram and other 8hits, IOP Physics World Disco\@G/18)
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Thank you for your attention !

www.spintec.fr| m

email:olivier.fruchart@cea.fr



http://www.spintec.fr/

