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Tinh chdt ti ciia cdc nguyén tid ’

Mo6-men tir qu§ dao cua dién to p_ trong nguyén tu .

T§

Mo-men tir spin cua hat nhan nguyén tu @

Mo-men tir spin cua di€n ti trong nguyén tur

Mo-men tu tong cOng cua nguyen tu P,

thanh phan chi€u cia md-men tif clia nguyén ti 1én
phuong cla ti trudng ngoai P . C6 ( 2J + 1) cdch sip x€p
cua md-men tf cua nguyén ti trong tir trudng ngoai

Magneton Bohr p . Thira s6 Landé g



Mo-men ti cua nguyén tu

Ba ngudn chinh cho mé-men tir ciia mdt nguyén t& doc 1ap:

® spin cua electron

® md-men ddng luong quy dao cua electron quay quanh hat nhian

® Sy thay d6i md-men quy dao trong tif trudng ngoai.

Cé4c nguyén tif c6 cdc 16p vo day electron khong ¢6 mdmen i
tong cong

Cac khitrd He, Ne, Ar, ...
Ciacphantadkhi H,, N,, ...

Mot s6 chat rin lién két ion NaCl, ...
Mot s& chit rin dong héa tri C, Si, Ge, ...



. MO-men td caa chdt rdan

Xét mot chat cé thé tich V chita N nguyén ti . Khi chua ¢ tir
trudng ngodi, mé-men tir tong cong bing

zﬁ
&:iﬁi !

trong do

=
@

la m6-men tr cua nguyén ti c6 Z electron va

b =i§ Tk

13 md-men tir clia electron chuyén dong trén quy dao.



Il. Chdt rdan trong td tradng ngodi B,. Su td hoa
DPit chitrin vao trong mot tf trudng ngoai.

= Tir trudng ngoai cé thé mo td bdi vec-td cdm dng tir hoic
cudng do tu trudng . Trong chan khOng, gitra hai vec-td nay co

hé thic g H ﬁ
O

w,=4m.107 T.m/A.

" TU truGng ngoai co tac dung :

* lam dinh huéng cdc md-men tr cua cdc nguyén tu P, ,
doc theo phudng cua tir trudng ngoai hodc

* ]am xudt hién mo-men tf cdm ¥ng ( néu md-men tr cla
cdc nguyén to¢ bang 0 khi khong ¢6 tir trudng ngoai).

‘ Mo6-men tu tong cong ting : VAt chit bi tr hdéa va c6 mo-
men t& M doc theo phuong cua tir truong ngoai .



D€ dic trung cho trang thdi tr hda cla vat chat trong tif trudng
ngoal, dinh nghia vects do tu hoa

9
M
})m :7

Do ¢6 sy ti¥ héa, bén trong chit rin xudt hién tr trudng nodi
B.

l
TU trudng ndi do sy xuit hién md-men tir tdng cOng clia cic
nguyén td¢ khi ¢c6 B, hodic do sy dinh hudng lai cua cic
momen ti nguyén tu trong B, .

gi = :uo‘[i’

m



Khi dé tir trudng tong cdng trong vt liéu

BB b
- s . E:=E:,J+E‘i} 5

B = Ha H Ei = |-Lliljm

B=B,+ 1yl = ot + o,
B=pu,H

uouﬂg ualg +u0fm uolg(Hﬁ)




,u,,:H%:ler

dugc goi la do cam tir ( magnetic susceptibility ) .

n. va x la cac dailugng khong co thit nguyén.



Phan biét chat nghich tit, thuin tir va sit tr theo
diau va do 16n cua

Duya trén pham vi va bdn chat tuong tdc gifta cdc electron
trong chit rin va t trudng ngoai, ngudi ta phan chat rin thanh 5
16p :

Ba 16p - thudn ti, nghich tir va phdn sdt tir - gan nhu
khong chiu anh huéng cua tir trudng ngoai, co |y| << 1.

Hai 16p -sdt tix va ferri-tir - tdc dung rat manh véi tr
trudng ngoai, co |y| >>1.

v < 0 va nho : chit nghich t
v >0 va nho : chat thuin tir

v >0 va I6n : chat sit



Chat Chat Chat sat tur

nghich tu thudn tu
Gid tri dién  ~-10° ~ 10 |y [>> 1
hinh cua y
Gi4 tri dién ~1 ~1 ME
hinh cua p,
=
l<§ - ‘;C-é E
.= SRS =
=] o e = -
< -: o =
02 e ,: < N
7 7 B = Sat tu
-1 102 104 0 10-4 10-2 1 102 104 108
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Tinh chat tf cha cdc nguyén t6

[crn3
mol
1 - Sattu : Fe , Co, Ni GJ Dy
EU Er Tm
Nd
Prf.
Ce k
5m
Pt

P

LA yp---18
Cs W
Sn
s

e Ak
Xe Hg
sp TI

! ! T 1 | ! | T
0 10 20 30 40 20 60 70 80

Nguyén ti sO z




Tinh chit t cua cdc nguyén to

2

H (] Sat ] Phan sat tir He
i 4 Thuan o MNahich tur 518 |7 g | 10
Li [Be - ] — gt B|C[M[OD|F |Me
11 12 13 14 16 17 18
Ma Mg Al = P A
19 | X 21 2 | 23 | 24 25 | 2B | & 28 | XA 3 | N i N o [ | 35 | 36
o |Cal Sc [T W [Cr|Mn|Fe|Co [ M [Cu|fn|Ga|Ge|As| e |Br | Kr
7 34 g 2| 40 | 41 42 41 | 44 | 45 46 | 47 49 | 449 5 | 61 a2 g1 | &4
Rb|=r| ¥ | Zr|Nb [Mo| Tc|Ru|Rh|Pd[Ag|Cd|In [Sn|sb|Te| | |xe
5 a i a1} . 7 iq i FLi i a | ™ a1 | &1 H! | 53 | &4 &5 | &6
Ce|Bal|la||Hf|Ta|[VWW|He|Os| Ir | Pt[Au|Hg| Tl [Fb| Bi[|Fo| At |Rn
g7 | 58 | 59
Fr (Ha|Ac

+

2l 5 | &d 1 62 | 63 | 84 | 65 | 66 67 | 88 | &2 7 71

Ce|Pr|Nd|Pmlzm|Eu|{Gd| Th [Dy |Ho| Er{Tm|Yb|Lu



Tinh chét t ca cidc nguyén to

D) cam tu

ChAat sat tu




Vat liéu

Thuan tu

Oxid st (FeO)
[ron amonium alum
Uranium

Platinum

Tungsten

Cesium

Aluminum

Lithium
Magnesium

Sodium
Khi Oxy

X = M1
(x 107°)

720
66
40
26
6,8
5,1
2.2
1.4
1,2

0,72

0,19

Nghich tu
Ammonia
Bismuth
Thuy ngan
Bac

C (kim cuong)
C (graphit)
Chi

CINa
Pong
Nudc

-.26
-16,6
2,9
2,6
2,1
1,6
1,8
1.4
-1,0
-0,91



Su phu thu6c nhiét @6 cua d6 cam tu

1.) Nghich tu' : khong phu thudc nhiét do
2.) Thuan tuw : Pinh luiat Curie hoac Curie-Weiss
3.) Thuan tu Pauli : khong phu thudc nhiét do

P6 cam ta ¥

- | O

Thusin tr Langevin

¥=0 thuintd . x <0 nghich tu

r— i — — — — — — — — —— —— — T— — — — — —

Thuan to Pauwli ( Lim logi ) Nhiét do

Mghich tir



Thuan tu Sat to Phdn sat to

b6 cam tir X' X
Y
[\
| 3
l \
l SA
| |
|
— | |
0 T 0 ol -0 0 TIn T
C __C : - ¢
X =7 =T 0 “T+e
Pinh luat Curie Pinh luat Curie-Weiss (T'>Ty)

(T>T,)
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I1l- Hien tuong nghich ta

1) Mot sé'tinh chat cia chét nghich ti

Jn=2H
vy Am va nho, khong phu thudc nhiét d6 va H
Jm )
0.4 y
0.3
T
-

¥ = constant

J..(emu/cm?3)

Nghich tir —
0 25,000

H (Oe)

|
o
s

Cdc nguyén t trong chat nghich ti¥ khong ¢6 md-men ludng
cuc tor vinh cuu .



= Tinh nghich tir 12 dic trung cho cdc nguyén td va hgp chat
trong d6 tit cd cdc electron cia chiing d€u c6 doi.

= Néu chi c6 1 electron trén quy dao, chuyén dong clia né giy ra
dong di€n kin va do d6 tao ra mot tor truéng. Khi 2 electrons co
dbi v6i spin ngudc nhau : tir trudng sinh ra bdi 1 electron bi triét
bdi tir trudng do electron kia. Do @6 khi tat cd cdc electron clia
nguyén ti déu c6 ddi s& khong cé tir trudng tdng cong.

Khi dit vat liéu d6é vao trong tir trudng , né bi day.

= TAt cd cdc chit déu thé hién tinh nghich tir § mdt mic dd nio
d6. Tuy nhién hién tugng nay trong nhi€u vat liéu thudng bi che
14p béi cdc tinh chat tr khéc.



2) Nghich ti ciia gbc nguyén ti

Hién tuong nghich tir xudt hién do sy thay doi cia chuyén
ddng quy dao cua cac electron dudi tac dung cua tir trudng
ngoai. Moi chat déu c6 hién tugng nghich tir nhung thudng bi
che 14p bdi cdc hién twgng thuin t hay sit tf manh hon. Vi
vay, hién tugng nghich tir thudng dudc phat hi€n trong cic chat
c6 mO-men tU cua nguyén t& bing 0.

1. Su ti€n ddong cua quy dao electron trong tif trudng ngoai

khi khong c6 tir trudng ngoai, electron chuyén dong trén

quy dao dudi tac dung cua luc k21u’6ng tam
Vo 9)
th =m 7 =maw.,r
Trong tf trudng ngoai, khi chuyén dong trén quy dao,

ngoai luc huéng tim , electron con chiu tic dung cua luc

Lorentz ﬁL — o ‘EX 5]



Xét chuyén dong cia electron trén quy dao trong hai trudng hgp
sau :

a) B, vudong géc v6i mit phing quy dao.

Luc Lorentz F, = ev,B, tac dung 1€n electron hudng theo ban
kinh cua quy dao.

B,
X4c dinh chiéu cua luc ﬁB = e[gx ﬁ] 4

* bang quy tic ban tay trai

* bing quy tic vin nit chai
( xiét oc¢)

=il



Lyc huéng tim bang tong F = F_+ F,
hay me’r = me,’r +eo,r B,
Suy ra
mr(®? - ®,%) = mr (0-0,) (0 + 0,) + e, B, = 2mro,o, =en,1B,
€

O :(a)—wo):%BO

dudc goi 14 tdn s6 Larmor.

> Tu trudng 1Am thay doi tan sd quay cla electron trén quy dao.

> Tan s6 Larmor nhu nhau cho moi electron khong phu thudc
vao ban kinh clia quy dao va van tdc chuyén dong clia ching.



jauI &)

B, khong vudng goc v61 mét ph
quy dao.

ng

Tu trudng 1am cho qu§ dao chuyén
dong ti€n dong quanh tir trudng

Ph4p tuyén clia mit phang quy dao

vach mdt mat nén quanh tv trudng.

Tinh todn cho thay, tan s6 géc cua

/{) Al ® /\/ Pal / ~
chuyén dong ti€n dong do cling
bing tan s6 Larmor.

- Su ti€n dong clia quy dao
electron 1am xuat hién mot thanh
phan chuyén dong clia electron
vudng géc véi tir trudng vdi tan sO
;.




Su tién dOng cua con quay Sy ti€n dOng cua md-men t
trong trong truéng quanh to trudng ngoai H,

= N€u 12 nguyén t¢ ri€éng biét thi khi ting H chi 1am ting toc do
ti€n dong nhung khong 1am thay ddi géc 0.

= V4i hé gom nhiéu nguyén t¢ dao dong nhiét, ¢ sy trao doi
nhiét gitta cac nguyén tir. Khi ¢é tir trudng ngoai H, dao dong
nhiét 4nh hudng dén chuyén dong tié€n dong lam cho gid tri clia 0
cia cidc nguyén ti¢ hdi bi gidm dén 1 gid tri tuong ng v4i tir
truéng va nhi€t do cho trudc.



2. Tinh @6 tir héa va d6 cam tir y

Dudi tic dung cua tir trudng ngoai, vat li€u bi tir hda.

Theo dinh nghia
; M

"oy
N

trong do M=P, ,+P, ,+..+P, =
_N P8 +P2m?V+...+PNmB _ NP, =ZNp,

N 13 s6 nguyén ti c6 trong thé tich V, Z 1a so electron cia mot
nguyén tu.



Truge hét, tinh md-men tir trung binh p,, cia mot electron trong
trudng hgp dang xét.

Duéi tdc dung cla tir trudng, chuyén dong ti€n ddng néi trén dan
dén dong dién kin

2
. 0 e
| =—eV; =—¢ L = B,
2T dtm
Dong nay sinh ra mé-men tu
e’
Dy =15 = B,
dtm

trong d6 S 12 dién tich cia vong ti€n ddng cua electron quanh
tu truéng

S=nr’=n(x>+y?)



Mo-men tir trung binh cua electron

2_ =2, =2
+
_ _ em(xT+y )B

m =

4rom ¢

N€u sy phian bo cua electron trong nguyén tf
c6 tinh d6i xitng cau thi

2

da

3
trong d6 a 1a gid tri trung binh cta khodng cdch tir electron dén
tAm nguyén tu

-2 =2 =2

2 2 2
2

L ZB =-% B

4m 3 6m

Pm =



Po tir héa cia mau

nZeza2
J,=nip, =— B,
6m
Y = Jm nZe*a’ y
H 6bm ¢

V6ia~10'"m, n~5.102% m> , ta tinh dugc y ~ -10°Z

K&t qud tinh todn phu hgp vdi thuc nghiém vé do 16n va
dau. P6 cdm to khong phu thudc nhiét dd va tir trudng
H va ty 1€ v6i sO electron Z ¢6 trong mOt nguyén ti .



«ChAt siéu dan 1a chat nghich tr 1y tuéng : y = -1

*Hi¢u i'rng Meissner




IV- Hien tuong thadn ta

1) Mot s6 tinh chdt cua chdt thudn tic
* v duong va nho

* tlr trudng ngoai yéu va nhiét do cao : B; phu thudc tuyén
tinh vao B,

J S

m
04 —

o Thuin

£ 03— -

S ur

5 02 —

S

Q 01 —

ﬁE 0 = - T
o | Nghich tir |

H (Oe)



Vat iéu thuan tu
* v phu thudc nhi€t d6 : Pinh luit Curie
Thuan to

Béd cam tor X

C

Xz'"i?

BPrinh luat Curie

~ | O



Vat liéu thuidn tu

* tr trudng ngoai manh va nhiét do thap : dudng phu thudc cia
B. vao B, tiém cin dén gid tri bao hoa B..

1.0 . .
Dinh ludt
Q.75 F
Curie / e 1.30 K
© +2.00 K
Ty B4,
= 0.50 = L¥ thuyét
-
luiyng i
0.25
0
H 1.0 2.0 3.0 4.0

Bo!T (T/K)

Pudng cong tir héa cua chat thuin ti



Khéc v6i cdc chat nghich tir, cac chit thudn tr thudng 12 cdc chat
hodc hgp chit ¢ cdc electron chua cé doi.

Nhi€u hop chat chia sit, palladium, platinum, va cdc nguyén to
dat hi€m c6 cdc electron khong c6 doi tao ra mot ti trudng nhd
nao do.

Trong cac truGng hgp nay, nguyén tf nhu mot nam cham vinh ctru
nhd . Néu mot chat chita cdc nguyén t0 nhu vay dudc dit vao
trong tir trudng ngoai , trudng cua cac nguyén tu dugc dinh huéng
theo tor truGng ngoai .



2) Thudn ti ciia cdc goc nguyén tir

1. Ly thuyé&t thuin tir c6 di€n cia Langevin

*Co 56 ly thuyét.

= Cdc nguyén ti cla chat thuin tir c6 md-men tt P_ khong doi
( dugc xem 13 cdc ludng cuc tir khong doi).

*Tuong tic gitta cdc ludng tir d6 rat yéu, c6 thé bd qua.

= Ludng cuc tir trong ti trudng B, c6 thé ning

w. = -P,B,. = -P_.B, cosO 5
trong do O 1a goc gitra 2 vectd P, va B, . pm; B,
W _ cuc ti€u khi 6 = 0 : ludng cuc tir dinh huéng theo /

tw truong.

= Ning lugng cua hé sé thap nhat khi tdt cd cdc mo-
men t dé€u dinh hudng theo t trudng ngoai.



" Tu trudng ngoai cO xu hudng hudng cac luGng cuc tu theo
chi€u cla tir trudng.

= Trén thuc t&€, do chuyén dong nhiét cia cdc nguyén tl¥, bao gid
cling c6 mot sd ludng cuc bi 1éch khdi chi€u cia tir trudng.

= MoO-men tir tdng cong clia chit rdn bing tong cdc thanh phan
chi€u clia md-men tif cia cidc nguyén ti 1én chi€u cua ti¥ trudng
ngoai : M=P,_ z+P, 5+ ... + P ng=NP -

trong d6 thanh phan chi€u 1én tir trudng bing
P . = P_.cosO

mB

:> Bai toan tinh do tir héa cia chat rin dan dén viéc tinh gia
tri trung binh cdla md-men tif tdng cdng clia cdc nguyén t& doc
theo phuong ciia tix truong ngoai P, ,khi ¢ su cin bang giita tac
dung dinh huéng cua tir trudng su pha v3 sy dinh huéng d6 do
chuyén dong nhiét clia cdc nguyén tif .



Langevin da gidi bai todn nay theo phuong phap thong ké cd dién.

Theo d6, P, c6 thé dinh hu6ng mot céch tly ¥ trong tif trudng,
nghia 12 g6c 0 c¢6 thé 14y moi gid tri.

X4c suadt dé€ cho ludng cuc tr dinh huéng ( so v6i chiéu cla tir
trudng ) dudi cdc gbéc ndm gitta O va O + dO ( trong géc khoi dQ )
hay x4c suit d€ ludng cuc cé ning lugng W _ trong tor trudng dudc
xdc dinh bing ham phin bd Boltzmann

W P B v, 5
®w=Aexp——d =Aexp—" 0“7 10 1
kKT kKT
trong d6 A 12 mot hing so va
dQ = 27.5in0.dO Gﬁ T
P _B cos0O
o =C exp—2-2 sin0do

kT



* tinh gia tr1 trung binh

7T
P B
j cos 0 exp—" IZ;OSQ sin6do
Pr=P cos6=P,6 " -
P B
j exp —1+—2 cost sin6do
kT
0
bat X = cos0 va p = FinB,
kT
. 1
Ham Langevin L(B)=cothf ——

By, b 2
cothﬁ=6ﬂ+e_ﬂ:]+ﬁ—'8 +...
el —e ,B 3 45




0.9 |-

0.8 |-

0.7 |-

0.6 -

0.5 |-

0.4 |-

0.3 -

0.2 -

0.1

1
L(B)=coth f ——
(B)=coth 5 5

Ham Langevin

DPudng bi€u dién clia ham Langevin L(B)



* Tinh
J =nP,s=nP, L)

T _ 1B, L(B)

*“H T H

Trudng hgp ti¥ trudng y€u va nhiét dd cao: p<< 1,

P.B. P,uH
L(ﬁ)zﬁz mBo _ Pnllo
3 3kT  3kT




2
n;uop m khong phu thuoc H

3kT
Véicdcnguyéntd, P~ p, = 9,2.10%* J/Tesla
P B,=9,2.10%4r.107.10°
kT =3.102'J ( G nhiét @6 phong )

X:

S
w PB 1073y
'B — — << 1
kT 3.107%1J

nghia 12 gid thi€t B << 1 néi trén dudc thda man trén thuc té.

Vi cdc sO liéu trén , tinh duge y =~ 354.10° vao ¢ do 16n do
dudc bang thuc nghiém



n,uOP2

m
Tu X =
3kT C
¥, phu thudc nhi€t d6 T theo dang Y = ?
2
e 56 P
trong d6 hang so0 C = N,y
3k
- Trudng hgp tr trudng manh va nhiét do thap :
B— o, L(P)—1

J,=nb, =J

Mo-men tif clia tit cd cdc nguyén t déu dinh huéng theo t
truéng ngoai.



2. Ly thuyét lugng ti

Gia thuy€t quan trong cta ly thuyét luong tf : ning lwgng
cua mot hé 1a gian doan.

L T Co dién L T Lugng tr
H L. J=1/2 g =
'[ 1\\\ A- \\\ A~ AN
\ \
y : \‘ %\:
/I I' !
_ -7 S ,,/ \ ’
0 thay doi lién tuc 0 co gia tri gidn doan xac dinh.

Luong t¢ héa khdong gian



* Tinh gid tri trung binh cda md-men tr tdng cdng cla
nguyén t ( theo 2J+1 cdch sip x&p ) doc theo phuong cla tir
trudng ngoai Py

X4c suat cia moi cdch dinh huéng d6 dugc xdc dinh bdi ham
phan bd Boltzmann

o =Cexp Fi850
kT
J
ZPJB exp leff()
P =—— =gJupB;(P)
P;pxB
Z exp —IB=0 JB 0
_ g];uBBo
trong do IB LT



2J +1 2J +1
Ham Brillouin : B = coth
am Brillouin ](ﬁ) ( 27 ) ( 27

1 1
)b — 57 COth(g)ﬁ

* Tinh Jm — nP]B = ngJ,UBB](ﬁ)

m ngJ;UO;uB
—_— — B
= B, 7(B)

Trudng hop tir trudng y&u va nhiét do cao : B << 1, khai trién
ham B,(3) cho

J+1
Bf(ﬁ)z%ﬁ



_ ngJughp J+1JgugBy

AT, 3 AT
_ ng’ugl(J + Dy
~ 3kT C
khong phu thuéc H va phu thu¢c nhi€t do T theo dang ¥ = —
y ng”upd (J + g !
V01 C = Y

- Trudng hgp tf  trudng manh va nhiét do thap :
B—>ow,B;pB)—>1.

Su tor hoda dat trang thai bao hoa

J,=nglJug

S



V- Hién tuong sat ta

1) Mot s6 tinh chdt ciia chdt sdt tir
* v duong va 1dn.

= Khdc biét quan trong nhat gitra sit tir va thuin tr hay nghich
tir 1a cudng dd tuong tac gitta cac md-men tif nguyén ti 1an cin.
Trong khi cic mo-men tit gan nhu doc 14p v6i nhau trong cic
cha't thuan tir thi trong cdc chat sit tir, ching tuong tic manh vé§i
nhau. G nhiét do thap, tuong tic trao doi gifta cdc md-men tir
nguyén t¢ 14n cin ( xuat hién do cdc spin khong c6 doi ) trong
cdc chit sittr dG manh dé€ thing cic thing gidng nhiét cé xu
huéng 1am cho cdc m6-men tr dinh huéng hon loan. Nhd d6
ngay ca khi khong cé tr trudng ngoai, cic mo-men lan cian dinh
hudng cung nhau.



* % phu thudc vao tir trudng ngoai : dudng cong tir tré
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Vat liéu tir citng va tif mém

T mém : bién thé , nam chim
di€n , 101 cac cudn day , ...

Tu cung : cdc bang tir, nam chim
vinh ctlu, ...

Vit liéu tif mém kim loai :

- a-Fe, Ni, Co va mot s6 hgp kim cta ching

- Cac hdp chat va hgp kim Fe — Si va Fe — Ni
(vidu : Fe/6%S1)

Vit liéu gom tif mém (Ferrites) : oxide spinels 1ap phuong hay
perowskites, garnets (Y;Fe O,,)

- spinel : cic mO-men tir cua cdc ion § cac vi tri tr di€n va bat
dién doi song song.




Vat liéu tir citng va tif mém

Vit liéu tu cang kim loai :

a) Hgp kim Fe/Cos, Permalloy ( hgp kim Fe/N1 )
b) Alnico ( Al/N1/Co )

¢) SmCos cdu tric luc gidc v6i sy di huéng tr manh

- ¢0 d6 tr hda bao hoa cao, lyc khang tr 16n

- dung trong cac loa , nam chdm lam I€ch hudng ...



Su tv hoa di hudng.

Pa s6 tinh thé c6 tinh di huéng. M6t minh ching cho su di hudng
d6 1a theo cac chiéu tinh thé khac nhau vat liéu bi tir hda khac
nhau. Nhu vay, trong tinh th€ cé cdc chi€u dé tir héa va chi€u
kho tu hoa.

1600y [100] 500 // truc ¢
(110]
gt | 2T 1 ]
~ 1200 400 7
=
: > Pl
> a00
= 900 ﬁ_ truc c
400
100
Fe Ni | Co
30 @060 0100 20 30 o 5000 400 6000 8000

B, (gauss)

Chiéu dé tir héa cua cac tinh thé Fe, Ni va Co



Cau tric do-men

]

B

:

Bién hat va vach Bloch
trong o-Fe

Cac d6-men trén mat cua mot
mau don tinh thé Ni.

Su dinh huéng clia cic m6-men tr trong mot d6-men thudng theo
mdt chi€u dé tir hda ciia tinh thé khi khong c6 tir trudng ngoai.



Vach do-men

10~200 nm
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Nang lugng tuong doi cao



Hién tugng tir giao

Hién tugng tir gido ( phdt hién nim 1842 ) 1 sy thay doi hinh
dang va kich thuGc ctia vat liéu sit tir khi bi tir hoa.

Trong vat li€u sit tt nhu Fe, Ni, Co va mot s6 cdc hgp kim va
ferrite, do tir gido c6 gid tri ding k& ( khodng 10°6-10-2).

Su tir héa kém theo su quay cic do-men giy nén su thay doi
kich thuGc ctia chat sit tir.

Hién tugng tir gido ¢4 nhi€u ¢ng dung trong ky thuit :

/ A * /\/ /{" N ° \ 7( A / \ / A A\
Cac bo bién doi tir giao, dudng tré , b0 phat va thu séng si€u am,
s A . A . A ~
cac b0 loc va on dinh tan so, ...

Ti€ng kéu cua bi€n thé hay con chudt cia dén 6ng



Hién tugng tir giao

/\,

Hé s6 tir gido A dugce dinh nghia bang phan dd dai thay doi khi
sy tif héa ting tr 0 dén gid tri bao hoa cla nd.

A N o ~ A e A NES
Do tir giao bdo DY bi€én doi cua

Vit Truc tinh 4 »
lidu hé hoa suiat Young
' A (x 10 AE/E

Fe 100 +(1.1-2.0)
Fe 111 -(1.3-2.0)
Fe Pa tinh thé -.8 0.002-0.003
N1 100 -(5.0-5.2)
N1 111 2.7
N1 Pa tinh thé -(2.5-4.7) 0.07

Co Pa tinh thé -(5.0-6.0)



Sat to

S X phu thu@c nhlét d@ T | AN o

Khi T > T, (nhiét do Curie) chat
sit tif chuy€n thanh thuin ti

Khi T > T, : Dinh luat Curie

- Weiss o T,
C C
X = =70
T T 9 Pinhluat Curie-Weiss
(T>T,)
1/y 17y
-1 N

-

Pinh luat Curie 0 Pinh luit Curie - Weiss
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2) Ly thuyét hién tuong lugn

Nim1907, Weiss phdt trién 1y thuyét clia trudng hiéu dung
( trudng phan tu )

* Trudng phan t¢ Weiss Hy=bJ,

Cdc mO-men tir (spins) trong chat sit tir
dudc dinh hudng trong truéGng Weiss. W
Khi ddt vao trong tu tru6ng ngoai H :

H,=H+bJ, —> H

1
Suy ra Jm:Z(th_H)



* Tinh J, .

+ Ap dung két qud tinh todn cta Langevin cho chit
thuén tf nhung thay H bang H, ;.

P u H
J, =nP, Lo lhdy _yp 1 () ) I _ L(a)
kT nP

m
P, u,Hy,
kT

a =

|
Tu Jm = g (H,;, —H) thay H,, tinh theo a

J 1 kT H
nP, bnP, nbu P,  nbpP,



J kT H

m — 5 a — — L(a)
nP, nbu,P:  nbpb,
0 X Jm
Bi€u dién su phu thu6ccia ——— theo a dudc 2 dudng :
nb,

dudng cong L(a) va mdt dudng thang .
Giao di€m cda hai dudng nay cho phép xdc dinh J Ung v61 mot
gia tri nao do6 cua tr trudng ngoai H.

Gidm H tir gid tri d6 vé 0. Do hé s6 géc cia dudng thing khong
phu thudc H nén khi d6 dudng thing dich chuyén song song vdi
chinh no.

Hé s6 goc cua dudng ti€p tuyén véi dudng L(a) G gbc toa dO biang
1/3.
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Jm/nP
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+ Trudng hop hé sd géc clia dudng thing KT < !

nbu, b, 3

( nhiét d6 thap ), khi H = 0 hai dudng cdt nhau tai di€m c6 J_
khdc O : chat sit tir van con bi tir héa ( c6 dd tr héa tw phat)

kKT 1
+ Trudng hop hé sd géc clia dudng thang >
nbu,By 3

( nhiét dd cao ), khi H = 0 hai dudng cit nhau tai diém c6
J =0:vathiéu khong b1 to h6a ( khong c6 do tu hoa tu phat ).

Khi T <T. : sattd nbu, PZ
T . —
Khi T >T, : thuin tr © 3k



2
3k
Sat (Fe) : T.=1063 K
Cobalt (Co) : T.=1404 K
Nickel (N1) : T.=631K

Vi sit (Fe) : T.=1063 K (thuc nghiém), P_=2,2 11, (thuc nghiém),
va n=28,54 x 102 m3

tinh dudc b=3,9 x 108
va H =0,85 x 10° A/m (107 Oe)



* Tinh x trong trang thai thuén tvr ( T>T.,a< 1)

2

3 3kT 3kT 3kT

2
(1_”:“0 m )_ n:“OPmH

kT 3kT
nu,P, o
_ 3k _
J,, = o2 = yH
T_nluo m

3k



2
Suy ra C = n:uopm

Ly thuyét Weiss 1a 1y thuyét hién tugng luan cia tir hoc.
Nhung né khong gidi thich dudc sy xuat hién cla trudng Weiss 16n .



3) Qud trinh tit héa chdt sdt tic

Khu tie
Tu du
00000 E
e ed® m: =0 9
PReQEB f Khu tu

Biio hoa H, /H\ Khdng tit
B

G000 00O0 e
sooaoooal | Lm=M
G0000000
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P00800006 fone 7
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tbrst el ¢ bE
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Dich chuyén ctia d6-men trong tif trudng ngoai.



D6 16n cia tr trudng

Alm Oe T
10 A/m 0.126 Qe 12.6 uT Tu trudng Trai dat
0,15-0,3 Oe
10 - 100 [ 126 - 1260 0e | 12.6-126 mT Tu truéGng nam chim
kA /m vinh cttu
I MA/m 12.6kQe L6 T Tw trudng nam chidm dién
10 MA/m 126 ke 126T ;

Tu truéGng nam chim
siéu dan




