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THE RESULT

In some metals and oxides, the atoms carry small magnets called spins which order antiparallel to each other. These
antiferromagnets do not show poles as in real magnets even though they too display a long range order.
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PROPRIETES MAGNETIQUES
DE LETAT METALLIQUE ET ENERGIE
DINTERACTION ENTRE ATOMES
MAGNETIQUES

Par M. Louis NEEL

SOMMAIRE. — Use premitee partie du travail (§ 1 4 10) est
consacrée & Fintrpritation des expériences do M. Manders sur
té

e de quelques solutions solides a base de nickel (Ni et
Alou Ti, Sa, Sb, V, Mo, W, Cr). Oa étudie et on interpréte les
varistions, oa Fonciion du ftve, do n sonsiaste 9o Cafi et du
coefficient de paramagnétisme constant supery
que les électrons magoétiques du nickel resten
constant lorsqu’on passe de Iétat forro & Iétat paramagoétique.
Daos une deaxibras purie (§ 11 & 20, ou expoes comment oo
RSt dicle o cukualen uas| Saergrel dimareidioe sordau
eatro deux atomes voisins portours de moment, & partir
données. expérimentales, soit pour les. forromagnétiqu
pour les cops & champ molécanire ndgatif (A ot D), sot pou
les corpe paramguitiques b suscoptibilits indépendante de 1o
températare (Mn, Cr, Ti, Mo, Ru, Rh, ctc.). On étudie ensuite
les acitlonn de Vinirgle d'inlun:hnn o nve n distanco oot les
couches magnétiques omes gissant ot o0 montre
e pumm.ppmm. en Femcrgie & mioracion ne aépons
que d tance ot vari (ra eesiirement svee elle. Ceute
Loncoption yermﬁ i mrpréu:r et de relier ontre eux un certain
nombrede dont
revu -
Bai, en sapposeat qull exists un couplegs eatro o résent
cristallin et les spin responsables du magnéticme des métans,
lppanhﬁenx des pmpnm. curicuses qui sembleat ire un point
de départ
du platino (§ 15, 19 ot 30).

snorRiEtis NAGNETIOUES DF 1ETAT WETALLIOUE 235

5 46. Calenl de w,, d’aprés les données expérimentales. —
i la concontration du métal B est pefite, on a :
V=pa £ QL0 o C=PO+ 0024~ ) ()
Soit, eu fonetion du titre, une variation linéaire du point de
Gurie ot do Ia constauto do Cario apparents. Proloageoas les
droites obtenues jusqua Q = 1; soit 0" el C7 los valours do.
# et C' correspondant & Q =1, d'aprés (13) on a =

(12)

oa romarquant que pour e métal A pur, do constante de
Gurie C, et de point de Curie 0, on a s a =g . Cet¥ se
déterminent expérimentalement en extrapolant les tangentes
initiales aux courbes de variation de la constante de Curic et
du point de Curie en fonetion du titre. Jai appliqué cotte
méthode pour calculer les énorgies dinteraction des lisisons
mixtes s : Ni-Co, Ni-e, Co-Fe, daprés los donndes expé-
rimentales de Preuss (10), do Poschard (1) et de Bloch (14).
Dans le caleul précédent, wus représeate Vinergie totale
interaction entre deus moments g et . Pour avoir des
valears comparablos aux  du § 14, il faut exprimer w0 an
moyen de Uenergie i), dinteraction de deus électrons, por-
tés Tun par Vatome A et lautre par latome B. Posons
s == 1 o0 désignant et le magacton de Bohr.

e Doit, dapris la for-

ke 8. puisqus lo actour g5’ dnpul«il hautot has :

o9
5a corvmpondant

& Qillérentes Tiaisons. Le systome cristallin étant To cube &
faces centrées, on 4

THE ARTICLE

Propriétés magnétiques de 'état métallique et énergie d’interaction
entre atomes magnétiques, L. Néel, Annales de Physique, 5, 232 (1936)

PROPRISTES MAGNETIQUES DE L'ETAT NETALLIQUE 257

on oi In formulo 3 fest pas valable, 4 In nécessité
@une étnde spécialo de cette région qui sera pour los corps

Fig. 8.

& champ molécalaire négatif In réplique de In région ferro-
magnétique des corps & champ moléoulaire positi.

Auzéro absolu, chaque atome se dispose antiparallélement
& ses voisins, do maniére & réaliser un assemblage d'énergie

potentielle minimum comme celui qui st représeaté sur la
Figure 8. Les momeats sont tous paralléles & une méme
direction D, majs ils sont dirigés dans des sens différents au
lieu d'étre tous de méme sens comme dans les forromagaé-
tiques. Un champ magoétique A, perpondioulaire  la direc-
tion D, va déformer cet assemblage et I'aimanter. Tous les
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THE QUESTION

Could one create a material made of a single layer of carbon atoms from graphite?
What would be its properties?
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THE RESULT

It is possible to create graphene, a 2 dimensions material of a single atom thick. Its mechanical properties are
remarkable, and its electrical properties are surprising: neither an insulator nor a metal.
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Electri |d Effect in Atomically

THE ARTICLE

Electric Field Effect in Atomically Thin Carbon Films,
K.S. Novoselov, et al., Science 306, 666 (2004)
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NOWADAYS

Graphene could have many applications, especially in nanophysics.
Perhaps it will play a major role in electronics in the future.
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PHYSICAL REVIEW LETTERS

PHYSICAL REVIEW LETTERS

Enhanced magnetoresistance in layered magnetic structures, 6. Binasch etal., PRB, 39,
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THE RESULT

The electrical resistance of mercury suddenly drops down to zero at low temperatures.
The metal conducts perfectly: this is superconductivity.
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(u18)

docide, a theory of conrse which first of all takes account of the
fundamental chemical facts which we mentioned above, bat which
further suceeeds in avaiding the drawbacks — pattinlarly with respect
o ho puils s — which albar 1 T golkes n the
chemical forces Sketched more at length in our previous paper. And
then it cannot be doubiful in our opinior, by what way we shall
have to try fo find such a theory. We shall have to extend

theory of induvisible units of energy, which has led to such remark-
Sl sela=to-ile hom alphusonens: 1 will s Sovmury-io
investigale in what way ios of the reversible chemical

perties
reactions are connerled ik e phenomena of radiation. When this *

by the aid of the siatis-
tical theory of eniropy at temperatures at which (his reaction
tally ke lacs, and thn ¢ wil b ey imple o clelte by
e aid of the acquired knowledge of the specilc heats the diffrencs
of catugy s for loupuraine, 4t wiich ta e 0 loges bo
question of ehewieal reaction

G o us s boe ceknpil with s questo, and g
be_able before very Jong (o publish farther eommunieations or

. subject.
“Further Reperiments with Liguid Heliwn. G. On the
Bctical Resistance of Pare Metals, e, V1. O the Sudden
Change in the Rats-at which the Resistancs of Mercury
Disappears” By H. Knumiuson Onses.
N. 124 from the Physical Taboratory at Leids
Commnitd 1 i o Roepe . 101,

§ 1. Iutroduction. Tn Comm. N*. 122) (Proc. May 1911) I mentioned
tha o e i seianee disppenrd pracialy dageths In
rate of duninution with falling femperature became much greater
than that given by the formula of Comm. N', 119. In the present
pape o loor nvesigaion i mado of tis phenomenon.

§2, A deser
N 128 (Proc. June 1911) of the gt v by lllowmﬁ e
contained lignid 1o be sl 10 keep resistances
uniform well-defined_temperatores; i et puper 1o enoned

reance of merury o h lowes possble

epeed using o ey eisance wilh

ury leads. m:mmmwnnllmhmm with such leads in

T af lquid leum was vondred ol only by th ekl
construetion of that cryostat,

(819)
accompanying Plate, which should be mm with the

of above, and are not quite Gled with mercary; tlis gives the

portunity to contenct or expand on freesing ot lique-
fying without breaking the ghuss and withont breaking the continity
of sty Mes it i o e Tl RO T den

iy sad By the tabs £, aad B, can be
used for the sane purpose or also for deformining the potenfial
difference between (he ends of the mereury thread. The mercury
fled tube Hp, can be used for measuring e pofential at the point
b, To take up less space in the cryostat and room alongsid
e stirring pamp 5, the tubes which are shown in one plane in
i, e in the manner shown in fig. 2. Tho

parts are. indicated

of Comm. N, 123. The leads project above the cover S5, in &

manner shown in perspective in fig. 3. They 100 are provided will
expandion, sjecs e in the bont s pics ar fusd psini

wires g, H, Hos, Hy

appacatas. The apparatus was flled with wereary distl

vacuo at a femperature of 60° (0 70° C. while the eold portion of

the distilling apparatus was immersed in liquid air.

§ 3. Results of the Measurements. The janctions of the platinum
wires with the copper leads of the measuring apparatus were protected
as effectively s possible foom temperature variation. The mercury
resitanee itself with the mereury leads, which served for the measure-

ot o th foll of ptenil sesna, bowover, o amerion 1w

heliom to be the seat of a considerable thermo-eociric foree i spits

of the care taken to fll it with pure. mercary. The

mogsisde of s throdoci et 1 ot hangs nach wi
was immersed in liquid hydrogen or in liquid

m.m i L4t by, and wo oy vl cnclud hs It

& fimatly comectod wih phenoaens which ocor 1 he e

THE ARTICLE

Further experiments with Liquid Helium
Com. N°124c from the Phys. Lab. at Leyden,1911
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The very small
kinematic viscosity
of liquid helium IT
thus makes it diffi-
cult to measure the
viscosity. In an
attempt to get lam-
inar motion the
following mecthod
(shown diagramat-
ically in the accom-
panying  illustra-
tion) was devised.
The viscosity was
measured by the
pressure drop when
the liquid flows

d 2 & through the gap

~ AN between the disks
N7 1 and 2; these
Wm disks were of glass

and were optically

ﬂat, the gap beh\een them being adjustable by
di isk, I, was 3em. in

5 em. diameter,

over \nluch a glass tube (3) was fixed. Lowering and
raising this plunger in the liquid helium by means of
the thread (+), the level of the lignid column in the

THE RESULT

Helium is placed in a column above two disks close to absolute zero. It succeeds
to flow between the disks even when they touch each other. Kapitsa calls it superfluidity.




SUPERFLUIDITY







SUPERFLUIDITY







SUPERFLUIDITY







SUPERFLUIDITY




TOPOLOGY

— 1972 —1985 —




TOPOLOGY




JE—

-

G 507 S
’1/’//) “[/111 1‘6)1

(=




TOPOLOGY







TOPOLOGY




1 9,9,9.9)
1 9.9.9.9)

,HAAvoAvo,A
0000

(0000
{0000




TOPOLOGY







TOPOLOGY




nJ N —n3J
Eﬁ -1 77:},:(0) exp( kB,TC">
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THE RESULT

New states can appear in solids for topological reasons. For example in magnets or 2D
superfluids, vortex and anti-vortex appear which allow the order to survive.
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Ordering, metastability and phase transitions in
two-dimensional systems

M Kosterli and D Thouless

M Kosterliz and DJ Thouless

P
However, i

1 the's e e 0
20fRo) Whereexp {~2u(R)f} < 1. For charges further apart than Ro, we ca use the

(i

Recned 13 Nonmbr 1972

Uit s i of e g e e o i
s Rk o i e of e o e The Py 3

bnon o i e comn o e £ e o dppioumaion. The el

ith ek, jon. The crtical nd

 more sophstiated treament i required. but we expect that the behaviour of the

3. The two-dinensions xy model

Metastabiy and phase transitions n wo-dimensionalsystems 191

N
N
\
1
i
’
’
,

v
’
!
\
N
~
~

\NSNa~—rr sy

P 1. A it ot n he ol

e s T e of P i csast ot 1 4 om0
eneaes s 1 rom o 1 fren

th i which e sl e ke 1 b 3 sl qre e wih i .
“The hamilorian o the syster

u-—l%qg-—!&mm 4 w

k5] gl the h i ks il some ey i m

the longrange onder of a two-dimensional ol in the sease (hat the mean square
e the Braga
Xiar Th e of g g
o i’
Show that there is 00 spontaneous magnetization in a two-dimensional magnet with
—-mh—mn--muu—m-—-um—nlu)—-m-u
ion

i »
into a tem corresponding (o the vortices and another (0 the low-energy excitations
spin waves)

i ~% <#h <00 i the
ahenc of vorces, (60 = 40 ncrcses ik I~ 1) (Beeninki 197

o her Iaswe

(Mernin snd Wagner 196, Wegnr 196
ek 17 sy ot 2 ks oo e 0 e oo
v i Hovers, hre &
56, Moore 1969t his i b hat i,
Cannot e ofh a1y with i mean magneiation blow T As e hall o

for each revolution. Thus, for a configuration with no vortices.the unctior o(r) will
be single-valued, whil il
marized by

Basn=2m  qe0zlLi2. s

s inconclusive evidence.
amhnmuw—mmumu.m

temperatore sere sxpansons for tno-dimensional spin models indicated 3 phase

o some il tempeatoe, whie above hsthey become fre. The raniton
Expanding bout a losl miniom of
Ho s H T G0 8 = ST 60 @)

gy by sctopdapt mwmumm«»

thelatce

e 1967 and Bk 157

appliedied.

e shons g ' oo o o g = 1

e
H=Eo = ISP + IS5

T =0 wd  FadN =2

THE ARTICLE

Ordering, metastability and phase transitions in two-dimensional systems
J.M. Kosterlitz, D.J. Thouless, Journal of Physics C: Solid State Physics, 6, 1181 (1973).
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