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COMMENTS ON UNITS IN MAGNETISM

L. I, Bennett, €. H, Page, and I.. J. Swartzendruber
National Burcau of Standards
Gaithersburg, Maryland 20234

ABSTRACT

Suggestions arc given on how to express mag-
netic quantities in ST units,

INTROOUICTION

Perusing the 1974 M* Conference Proccedings
indicates that, at the present time, Systeme
Internationale {SI) units arc avoided by most
leading scientizts and engineers in the field of
magnetism, Throughout the Proccedings, almost
universal preference is displayed for the cgs
electromagnetic system (or for the Gaussian systen,
which gives an equivalent description of magnetic
quantities). Howewver, usage of SI units in the
field of magnetism will undoubtedly increase with
time, One barrier to increased usage iz the present
lack of standardized and agreed upon relationships
between magnetic quantities within the SI. In this
paper we will tentatively propese notation and defi-
nitions for those relationships most frequently used
by experimentalists, with the hope that this will
help stimulate the magnetism community to make
their views known on preferred definitions,

SOME CONSIDERATIONS ON THE TWO SYSTEMS

One major property of the Gaussian (and the
cgs emu) system, considered an advantage by some
and a disadvantage hy others, is that B and H have
the same numerical value in empty space, Changing
to the SI, where not only do B and I have differcnt
units in enpty space, but alse different numerical

Table 1

Symbols and names for magnetic gmantities in SI and
cgs, Gaussian (or cgs emu),

Name
Symbol cgs emu ST
B flux density flux densitcy
magnetic induction (magnertic inducrion)
H magnetic field magnetic fleld
strength strength
M ! magnetization ragnetization
£l
J --= magnetic polarizaticn
X volume susceptibiliry -
i o rationalized volume
susceptibility
xp mass susceptibility -—
= e rationalized mass
[+ susceptibility
s molar susceptibility -
- — ratfonalized molar
‘mole gusceptibilicy
m magnetlc moment magnetic moment
g | Bohr magneten Bohr magneton

magnitudes, puts one somewhat in the position of
Cazimir's! mythical tangenometrists wha decided
that, "The volumetric displacement af empty space -
although equal to unity - had the dimension
Archimedes per Fuclid™.

The ST is a "rationalized" system, whercas the
Gaussian is unrationalized, Thus, when magnetic
susceptibilities are converted between the two
systems a factor of 4% is involved, Further factors
of 10 are involved depending on whether volume,
mass, or melar susceptibility is in question, This
gives considerable latitude for crrors and
arbiguities in data compilations, handhooks, and
treatises which attempt to convert existing nu-
merical values to ST units, and numerous exarples
of such errers can be found. For example, in the
recent treatise on magnetic materials by Heck?, who
endeavors to use SI units as much as possible, a
table of paramagnetic susceptibilities apparently
gives the rationalized mass susceptihility for Pt
in cm3/g, the unrationalized mass susceptibility
for y-Fe in emi/g, and the rationalized volume
susceptibility for Li (dimensicnless). Since these
differences in units are not listed in the tahle,
an unsuspecting user could easily be misled., As
most commenly used with ST, the relation between B,
U, and M is defined as B=u {lI+M), »=M/H., Somc
authors® exhibit the u, associated with the SI
explicitly by replacing, H by B/ug, giving x=ug¥/B.
This is, of course, approximately correct for the
small susceptibilities found in most diamagnetic
and paramagnetic materials, but could he misapplied
to superparamagnetic or ferromagnetic materials,

RECOMMENDATLONS

In order to ease conversion From Gaussian (and
cgs emu) to 81 units, the names, definitions, and
syrbols for magmetic guantities should he standardized.
This requires agreeement within the magnetism
community, Qur current recomnendations arc sum-
marized in the Tahles,

Table 1 lists rtecommended symbols and names
for magnetic quantities in ST and cgs emu., When
using ST units to express susceptihility, we be-
lieve it would be useful to laghel it 'rationalized!'
and give it the symbol #, reserving ¥ for the non-
rationalized ¢gs cmu system, What we have labeled
the "volume susceptibility' in Table 1 is often
referred to simply as just "susceptihility". The

TABLE 2

Corresponding equations in $1 and cgs Gaussiun (or
cps emu}. In this table, F vefers to forve, W refers
to the energy of a magnetic dipole in a field, w re-
fers to the volume energy density. Otber symbols

dre defined in Table 1.

Gaussian {or cgs emu) S1
B - u, (H + M) (L)
B H+ 4:M
B s, Ht J (2
x = M/H vo= M/ (1
aH i )
F = yVWH 5 F o= u,e¥l AH/Bx (4)
W = =mBcosd W = -mBrosd (5)
BH
2 w = }BH (6)
v 8n &




Table 3, Conversion from Gaussilan to §.I. Units
Multiply the Number for Hﬁ W To Obtain the Number for
by
Gaussian Quantity Unit ST Quantity Unit
—‘i
flux density, B G 1w flux density, B T(=Wb/m?=Vs/m?)
magnetic fleld Y magnetic fleld
strength, H Oe 1074 strength, H Afu
volume susceptibility, X ema/cm®(dimensionless) 4 rakionelized nelyma dimensioniess
* ) susceptibility, » I
r -3 rationalized mass
b zcm3 G - . 3
mass susceptibility, X, emu/g (zem3/g) w10 aacaptENTIiEy, < ndlkg
malar susceptibility,® emu/mol (=m?/mol) 4or 107" rationalized molar m?/mol
X susceptibility, x 1
mole ) mele
iGE magnetization, A/m
magnetization, M G or Oe = - —
47010 magnetic polarlization, 1 T
107767 magnetization, M Al l
magnetization, 47M G or Ce =
i 10 magnetic peolarization, J T
pglatem or ugp/atom or N
mapnetization, M v, fform. unlt, etc,** 1 magnetization, M u.fform. unit, ete,
; B B
magnetic moment of a -3 magnetic moment of a a5
Alpata erg/G 10 s Pt J/T (=Am“)
-t
demagnetizing factor, ¥ dlmensicnless /47 rationalized demag- dimensionless
netizing factor, W
S
*

Also called atemic susceptibility,

Molar susceptibility is preferred since atomlc susceptibility

has also been used to refer to the susceptibility per atom.

#% "Natural”™ units, independent of unit system.
does depend on the unit system.

introduction of the symhol J (where J = ugM) in the
§1 is useful due to the controversy" over whether
one should define B=ug(H+M} or B=ugH+M. Further,
the symbol J and the associated name 'magnetic
polarization', are in curreat use”.

Table 2 compares seversl of the more important
equations in the field of magmetism. Eqs. (1) and
(2) define the recommended unsage of the sywmhols M
and J in SI, as mentioned above, In both Gaussian
and S$I units, the volume susceptibility, defined by
Eq. (3), is dimensionless and is the ratio of M to
H, (both with magnitudes which will change by a
factor of 4 upon rationalization). Egq. (4) gives
the force on a material placed in a magnetic field
gradient. (This equation involves certain

assumptions and is most useful for small samples
with small susceptibilities,) Fg. (5) gives the
encrgy of a (point) magnetic moment in a magnetic
field, and Eq. (6) gives the volume energy density
associated with a magnetostatic field.

Tahle 3 gives mumerical factors for converting
between the two unit systems, The conversions for
flux demsity, B, and suseeptibility, -y andg are
independent of the conventions adapted, i,e. whether
B=b+M, B=p HeM, etc. Other conversions will depend
on these conventions, One problem for those not
thoroughly familar with current magnetic unit usage
is that 'emu' is not really a unit but rather a
flag to describhe the unit system being used. 0Often,
though not alwavs, a dimensional apaylsis on sus-
ceptibility units may be performed if ‘emu’ is replaced
by em?. Anather problem which undeubtedly gives
further difficulty to the uninitiated is the
variety of units used for the same quantity in the
Gaussian system, TFor example, in the 1974 M! con-
ference proceedings we find the following units

However, the numerical value of the Bohr magneton

used for “magnetization": G, Oe, emi/g, pp/atom

B /FORMULA INIT, ug/inpurity, G em?/g, emufcmﬁ,
and emu: and for "susceptibility™ we find the fol-
lowing variety of unirs: emu/g, emu/em?, emu/mole,
emufg ke, emu/gm-At. V, and emu/0e mole.

To convert an equation given in the Gaussian
system to the corresponding egquations in the ST,
Table 4 can often he useful, Por example, in the
Gaussian system the magnetization can be considered
2s the magnetic moment per unit volume,

TABLE 4

Subsritutional Symbols for Equations

To convert an equation in Gauvssian units to 4 corre-
sponding equation in SI, replace the symbols in the
columm labled Gaussian by the combination of symbols
in the column labeled ST, Symbols representiog
guantities with units invelving enly volume, force,
enerpy, and length transform directly,

{E:ﬁ;;fﬁn Quallty Gaugsian symbol S1 *ymhql;j
flux density B finly, 8 —l
magnetic field H JZ;E; H
magnatization H f::?ﬁ: M, or
1, 3
::?J;e sasceptibility X (1/am)« EE
Lm.n:n-.-l:!.r momen m m m




Table 5

Important Fundamental Constants

Quantity Gaussian 51
u_, permeability of B
" free space 1 (dimensionless) 4= x 10 7 H/m (E IE'E YS )

A A
My, Bohr magneton 9,274078(36) x 10 -1 ELE 9.274078(36) x 1077 %~ (: A2 )
Wy Wuclear magneton 5.050824¢20) = 10 °" erp/G 5.050824(20) x 10727 J/T
e " (1 TABLE 6
v ppnrs] O

where M iz the magnetization in &, m is an appro-
priate mugnetiec mement in erg/G, and V iz an appro-
priate volume in cn®, Using the substituticns of
Table 4 we have

1[56‘ M o= iiﬂiﬂ: 4 (2

4 iU

which reduces to

Yul (3)
¥

Thus the magnetization in our supgested $I system
can alsc he considered as the magnetic moment per
unit volume, with magnetizatrien in A/m, dipale

=P
moment in J/T, and volume in m®. Table 5 gives the
numerical value of three important fundamental mag-
netic constants in the two unit systems, and Table

6 commares demagnetizing coefficients, N, for scveral

familar shapes, where the defining equation for N
for both systems is

H = H XM (4)

with H the magnetic field strength within the mag-
netized body and U, the applied magnetic field
strength.

DISCUSSION

There are curreptly several systems of electro-

mignetic equations that may be used with SI units“:6.

[n order to apply SI units in the Field of mag-
netism with a minimum of confusion, apreement and
uniformity in symbols and definitions would he ex-
tremely helpful. Here we have suggested such a set
of symbols and definitions which covers most of the
quantities of current interest to those who puhlish
in the M? proceedings. We would emphasize that this
set is possibly not the one most desirable to a
majority of magneticians, It was selected as one
which appeared to us to be most in conformity with
current international usage, An example of an al-
ternative system would be the SI analog of a ra-
tionalized 'Gaussian' system, In such a system B,
H, and M would be given the relation B=H+M, and N
and M would alse have units of 'tesla'. This would
overcome the problem, troublescme to some, of
giving B and H different numerical values in a
vacuum, Another possibility, favered by Colcﬁanv,
i the "SI electric" in which one defines B=H#nyM
as the general relaticnship between B, H and M. 1In

Demagnetizing Coufficients, N, for homopencous iso-
tropic bodies of various shapes.

N N

Gaussian S
Shape (unrationalized) [ (rationalized)
[l to axis
of long
needloe 0 o]
lto axis of
long, needle PA 1/2
apheru 4=13 1/3
lto plane
of a thin
dise 4= 1

this system the upit for B and H is tesla and the
urit for M is Am™°, again giving 8 and H the sam¢
numerical valuc in empty space, However, beth of
these systems have the advantage {or disadvantage)
found in the Gaussiun system that B and H have the
same numerical wvalue in empty space.

Many of the details listed in the Tables given
here depend on the particular SI relationship
adopted for magnetic quantities. However, which-
ever relationships are adopted, the conversions for
magnetic induction amd-susceptibility listed in
Takle 3 will renain valid, and the use of the
proper unit and of the term *rationalized" whenever
susceptibility values are given in §1 units would
do much to reduce the possibility for errors and
misinterpretation.
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