V¥ WP VTN CH LAY VL OOy

Dich tiéng anh chuyén nghanh khoa hoc

ty nhién va ki thuat.

Dich cac bar giang trong chuong trinh

hoc liéu méd cua hoc vién MIT, Yale.

Tim va dich tas héu phyc vy cho sinh
1€n lam semmer, luan van.

Tai sao moi thir deu mién

phi va chuyén nghiép 77?
Trao doi truc tuyén tai:

www.mientayvn.com/chat_box_li.html|



www.mientayvn.com/chat_box_li.html

Chwong 15 VAT LIEU TU 301

Chwong 15
VAT LIEU TU

§15.1 KHAI NIEM VE TU TINH CUA VAT LI EU

Tur tinh 14 mdt thude tinh dia vat lidu. Tat ca cac \at liéu, & moi trang
thai, du it hay nku déu biéu hién tinh chit tir. CAc it liéu tir c6 nhing tng
dung rt quan tong, khong th thiéu duoc trong khoa bc ky thuat va cujc
séng. Viéc nghién éu tinh chat tur Cua vat liéu gidp chuang ta kham pha thém
nhiing bi an cia thién FEEEE
nhién, @m vitng kién thic
khoa hc ky thuat dé tng &
dung ching ngay cang c@ &
hiéu gu hon, phuc wu lgi &
ich con ngoi, dac biét la |
trong nh wrc tir hoc.

1 — Hién twong tir hda:
Cac \t lieu khi
duogc dat trong tr truong [
ngoai H (do mot dong [
dién haic mjt nam cham §&
vinh aru sinh ra) thi b @&
nhiem tr. Tic la chdng co ™ :
thé hit cac nat sit hoic bi Hinh 15.1: Thanh nam cham ladénluong

hat vao cadc nam cham cuc tr. CAc nat sit cho thiy hinh ding aia
vinh aru. Khi do ta noi it cacduwong sic tir .

bi tzr h6a hay \at da b

phan arc t.

C6 th hinh
dung ndt thoi vat liéu
da dugc tr hda nhr
hinh anh mdt thanh
nam cham hat cac an
sit mé & ¢ hinh 15.1.
Hai dau thanh b phan
thanh hai g¢c ma ta  unh 15 2: Khi be gdy thanh nam cham thanh
quen @i la cuC iC VA hidy minh thi ngi manh ki tré thanh ngt nam

cuc nam. & Sip xep cham riéng hit véi cac arc nam (S) vade (N).
cua mat sat ¢ hai dau
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va xung quanh thantrdéng tr hinhanh cacduong src tir di vao vadi ra ¢ hai
ludng arc dién. Tuy nhiéno cac kkdng arc tir thi khong th tach bi hai arc tir
riéng bét ra nhr trng dién tich mt duoc. Néu bé gay mot thqnh nam ch,ém thi
ta lai dugc nhirng thanh nam chamdn nho hor], mdi thanhdéu cé arc bic va
cuc nam, ngay &« khi théi nam cham chcon ting mot nguyén i thi ta ding
khong tie tim dugc don arc tir hay la @c tr c6 Bp (hinh 15.2). Nt vay, phan
tir nho bé nfat co tr tinh trong thién nhién larbng arc tr.

2 — Cacdai lwgng dic treng cho ftir tinh caa vat li éu:

Néu c6 ndt thanh it ligu tir dai | do bing mét [m], theo & SI) va co
cuong do cuc tir la m @o bang Weber [Wb]) thi tich ml@ la mémen ir, dac
trung cho ki niang chu tac ding boi tir truong ngoai @a thanh, ky Hu la R,
va la not dai luong véct: M=ml [Wb.m] (15.1)
bon vi cia R, la Weber.metre [Wb.m].

Toéng cac mémenittrong ndt don vi thé tich vat liéu goi 1a tr dé hay
d¢ tir hoa, dac treng cho tr tinh aia Vat liéu, ky hiéu laJ, cing la ndt vécb:

M
J =V [Whi/nf] (15.2)

Pon vi cia J 1a Wh/n? hay Tesla [T].
Khoang khdng gian xung quanh cagcctir O not ter trrong H, dac
trung cho tac dng tr tinh dia Mt cuc tr nay Ién ndt cuc tr khac. Véar cuong

do tir truong déu I:Iq c6 the duoc xacdinh trong tng Wi tir trudng duoc tao ra
b1 mot cuon day thaing, dai (cén solenoid) cé dondién chay qua:

H=nl [Am] (15.3)
O day n la § vong day trén 1m chii dai cén day, | 1a aong do dongdién
trong cwn day.bon vi caa arong do tur truong la Amper/met [A/m].
Méi quan I8 gira tir 46 J va ir truong H duoc xacdinh qua biu thic:
J=xu, H (15.4)
Pai lugng khodng tik nguyén X goi la dé cam tir hayhé 6 tir héa, dac trung
muc do hap thy tir tinh trong ndt don Vi thé tich \at liéu, conp, |a dé tir tham
ciia chan khéng, cé gia tr: o = 4n.107 [H/m].

‘ Nguoi ta ding dungdai lwong cam #éng tr hay mét dé tir thong B (do
bang Tesla [T]).dac trung cho nirc 6 hap thu tr tinh dia vat liéu:

B=J+pu,H [T] (15.5)

Thay J tir (15.4) vao (15.5) tdwoc: B=(x+1)p,H =pp H (15.6)
voi = (x +1) 1ade tir thim aia vat lidu, ladai lugng khong tit nguyén.
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3 — Phan lai vat liéu tir:
CAc \at liéu tir co tr tinh manh yéu khac nhaugduoc phan lai theo du

trac va tinh cht tu 3
nhu sau:
£ o b 1A -~ P
a- Chat nghich tr: la [\ m
chat c6 d6 cam tr X Q\ /' H
cO gia ti am va it 0 >

nho hon 1, chi vao <
khoang 10°. Ngwn
goc tinh nghich tr la
chuyén dong aia dién a) b)

to trén qy dao quanh

hat nhan, 40 ra & Hiph 15.3:a) Mémen# cia nguyént nghich tr
truong €O Chéu NQI9C  trong tir trurong ngoai; b)Puong cong i hoa aia
vol tu truong ngoal vat liéu nghich tr.

(hinh 15.3).

b- Chit thugn t: c6 do tir hoa X > 0 nheng ding At nho, ¢ 10~ va 18 voi
1/T. Khi chra c6 tr truong ngoai cac moémenrtcua cac nguyénut haac ion
thuan tir dinh heéng Hn loan con khi co truong ngoai changip xép cung
huéng wi tir treong (hinh 15.4).

T

] i
\ ~ X .
— ’,»’
1 T - 0 _ 0 - -
~ H T
a) b) C)

Hinh 15.4:a) Sr sip Xép cac mdémenitcia nguyéndk chat thugn tr khi
khéng co it trueong ngoai; b)Puwong cong & hda aia vat liéu thuin t;
c) S phhy thupc cial/x véo nhét do.

c- Chit it tir; d6 cam tir X ¢6 gid ti rat 16n, &3 1. O T < T (nhiét d6 Curie)
tir 40 J gam din, khéng tugn tinh khi nhét 46 ting [&én. &i T = T tir d6 bién
mat. O ving nhét ¢6 T > T¢ gia ti 1/X phu thudc tuyén tinh vao nkit do. Sat
tir 14 vat liéu tr manh, trong chang ludrh tai cAc mémentt ty phéat, dp xép
mot cach c6é it tu ngay @ khi khéng céw truong ngoai (hinh 15.5).36tir con
cO nhiéu tinh chit déc dao va nleng iing ckng quan tong.
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Js

a) b)

Hinh 15.4:a) Sr sip Xp c&c momenitcia nguyén:t vat
lieu sat tr khi nhiet @6 T < Tc; b) Se pry thuﬁc nhigt do cua
ter do bdo hoa va I ¢ chat sat tu.

d- Chit phdn sit tir: 1a chit tir yéu, X~ 10™ % nhung sr phu thudc caa 1/x vao
nhiét @6 khéng hoan toan téy tinh nhr chit thuan tir va c6 ndt hdm ti nhiét
d6 Tn (goi & nhigt do Nell). Khi T < Ty trong phin sit tir ciing ©n tai cac
momen t tu

phat nhr sit 1

tor nhung g
chung  4p

xép doi song PR
song trng doi -
mot. Khi T > i |
i che 0 T
a b

momen i ) )
ﬁB'” lt't’ NN Hinh 15.6:a) Sr sip xp cac mémenitcia nguyénik vit

on 1oan V& jigu phin sit tir khi nhigt @6 T < Ty; b) Sr phy thusc nhigt

X lai tang do cia 1/x ¢ chat phin sit tir.
tuyen tinh
theo t ntr chat thuan tr (hinh 15.6).
e- Chit feri tir: d6 cam tir cO gia ti kha bn, gain bing aia it tr (X~ 10%) va
ciing ©n tai cAc mdémentt tu phéat. Tuy nhiénau tric tinh tk cua chdng §m
hai phan mng mag dé cac momenutspin (do & tuy quay @iadién tir tao ra) co
gia ti khac nhau vaip xép phan song song & nhau, dodo tir d6 tong dng
khac khong ngayackhi khong co i truong ngoai tac ahg, trong vung niét do
T < Te. Vi vay feri tir conduoc goi la phan sat tr khdng bu tir. Khi T > Tc trat
tu tir bi pha &, vat liéu tro thanh thén tir (hinh 15.7).

Ngoai ra ngoi ta ding con phan Bt cac lai vat li¢u tr theo tinh ang
tng ding hdic thanh phn ket cau aia chdng nhr vat liéu tr cirng (nam cham
vinh aru), vat |iéuqtl‘l’ mem, VAt liéu tr Kim Ipai, vat [iéu tor Qxit, vat Ii’éu tr déo
(cao su, nha) ...O cac plan sau 8 trinh iy cu thé hon V€ tinh chat cia cac
loai vat liéu tir nay.
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a)

Hinh 15.7:a) Sr sip xp cAc mOémenitcia nguyénik
trong feri tr khi nhiet do T < Tg; b) Sr phu thugc nhigt dé
cua tr do bdo hoa dva 1fx cua vat liéu feri te.
1.4. Ban chit tir tinh cia vat li éu:

Ngay tr nam 1820 AmperA.P. Amper 1775-1843, nhaiMy Phap da
gia thiét rang tr tinh dia VAt liéu lién quandén sr ton tai cac dongdién tron
khéng &t dan trong nd. Quan A caia Amper ¥ nam cham “nt 1& mjt tap
hop nhirng dongdi¢n khép kindat trén nhiing mit phing vuéng gac &i duong
ndi lién hai arc cia nam cham”, thedé co tre quy moi hién twong tir vé cac
tuong tac gira cac dongtién phan tr. Téi dau thé ky 20 Rodepho E. Ruther
ford 1871-1937, nha it ly Anh xay drng moé hinh nguyénrtco cacdién tur
quay xung quanh &b hat nhan ng, mangiién drong. Theo quan é@m nay thi
cac dongdién tron dia Amper sinh ra do catién tr quay trén cac gudao
guanh lat nhan. Sau nay Planckéx Planck 1858-1947, nhaivly Diic), Bohr
(Niels Bohr 1885-1962, nhagVly bannuch), Broglie (Louis de Broglie 1892-
1987, nha ¥t ly Phap),Schrodinger Erwin Schrodinger 1887-1961 nhaiMy
Ao) va nhéu ngroi khacda dua ra thugt luong tr hoan thén thém ¥ ciu tao
vat chit, trén @ s d6 lam sangd hon ban chit tir tinh aia vat liéu.

Néu coi nguyéntt [ phin tir nho bé nkit ciu tao nén cac # thé thi ar
hinh thanht tinh cia nguyénit chinh 1a ngan goc tinh chit tr cia vat liéu.
Vay ching ta hdy ko sat & tinh dia nguyénit, xuit phat r tinh cHit tir caa
dién tr, hat nhan.

a. Mbmen ir ciia electron:

Pé don gian ta coi q§ dao chuyén dong aia electron quanhahnhan la
mot duong tron c¢6 ban kinh r, kidé mémen i quy dgo cua electron nay xac
dinh theo béu thic sau:

- .= e ~ e— e-
=iS==mrf.n=-—wf=-—/ (15.7
P T 2 2m (15.7)
O day e =1,6.10"C:dién lugngcua electron; m = 9,1.10°g: khji luong
electron; T vaw : chu ki va dn tdc goc quay ta electron quanhah nhan;
/=mrlw: momendong lrong qu dao cia elec;ron; S % dién tich hinh
tron qu dao; i = e/T: aerong d6 dongdién do chugn dong aiadién tr trén qy
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da0: n 1a phap vect don vi cia mit phang qu dao, xacdinh theo quidc “céi
dinh é¢”: xoay céidinh 6c theo chiu dongdién thi chéu tién cia caidinh 6c 1a
chiéu aia n. Do electron mangién am nén cku dongdién luén ngroc Voi
chiéu quay @a electron, ném nguoc chiéu v6i w va ¢ .

T (15.7) suy ra, quanéhgita mémen t qui dao va mdémendong
lwgng aia electrondugc xacdinh i ty so tir co' hayty so hai chuyen:

—

e
=M =—__ 15.8
Y 14 2m ( )
~ Vécib momeni va véct mdmendong luong aiadién tir husng ngroc
chiéu nhau vi m@men‘rtgécdinh theo chiu dongdién con mﬁmenﬂéng hrong
xacdinh theo chiu chuyn dong aiadién tir. Trong @ hoc luong tir moi quan
hé cia hai véat nayduoc biéu thi dudi dang toan ir:

s e D
=—— 15.9
P om (15.9)
Tridvémodun: |p |=-€ 178" [7(7+1 (15.10)
Pu|= 51T E S I (4 D)

R L LT . en

Hinh chiu cia p,, 1én tuc Oz: pmz=2—m/ (15.11)
L

véi £ 1a $ lugng tir quy dao (¢ =0, 1, 2, 3...) vam, 1a & lugng tr hinh chéu
mémendong hrong trén toc z hay 1a & luong tir tir quy dao (M,=0,%+1, +£2,
..., = 0); h=h/2n va h=6,6238.10* Js lahang s Plank.

Mat khac electroning tr quay xung quanh minh né (cIﬁuydpng i
tai) nén comoémen ir spin (spin c6 ngka la tr quay) co gia irlon gap 2 kn

— e .
momen tr quy dao: p=——5S (15.12)
m
~|_eh
hay: p| =" s(st+ 3 (15.13)
& day slaso lwong i spin, dic trung trang thai éa electron. Cléu Ién phrong
. en eh
Z CO. pszzmms = i—m:iIJB (1514)

O day ms = % 14 $ lugng tir tir spin va =£ﬂ =0,927.10° Anf(hay
m

J/IT) gi la magneton Bohr ladon vi do tir 6 cia nguyéntt.

V6i cac nguyénit phic tap I6p vo dién tir gom nhigu electron, momen
tr quy dao tong ®ng va @ mémen & spin, king ©Hng cac momenutcua cac
electron riéngd. Cac nguyénit co I6p vo electron 4p day c6 mdmentt bing
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khéng.O cac kp chit mdi electron co th thusc Vvé nhiéu nguyén & hay toan
mang (Mo hinh electronrtdo). Trong teong hop nay ngroi ta giai thich tir tinh
cua electron theo théy vung ring lrong mag day khéng xetien.

b. Mémen ir ciia hgt nhan:

Hat nhan nguyénit mangdién tich drong, c6 tié coi né nhr mot dién
tich bé nld, dich chuyn tai chd (do daodong nhEt) cd spin vatong tac i
nhau ling cac moémenit Vé d6 16n, spin lat nhan lng spin electron (ddi¢n
tich king nhau), nting khbi lugng hat nhan tleong I6n gip 10° 1an khoi lugng
cua electron, dat6 theo b¢u thrc (15.14) mémenut hat nhan pli nho hon
moémen & electron & 3 bac, vi iy néanh hrong rt it &én tinh clit tir caa vt
liéu, c6 tie bdo qua. Tuy nhién trong &b sb truong hop, vi di nhu hién trong
cong hrong tir hat nhan..., vai trd @a mémentt hat nhan la 4t quan tong.

c. Mémen ir tong hep aia nguyén &
Nhu d& trinh By ¢ trén, mdémentt hat nhan &t nho bé, cé th bo qua,
vi vady mdmen i caa nguyé@nit 1a tong cac mémenitcia cac electron. Méhg

cac mébmentt gqui dao cia cac electronP. = Z Py (15.15a)
Theo @ hoc luong tr ta co:

P :Z D, :% L(L+1) (15.15b)

Véi L= > ¢ lamdmendgng lwgng téng cing cua electron.

Momen tr spin aia nguyén iz : E’s = Z bsi (15.16a
i

Vado 16n cia mémenit spin - Py=) p,; = %,/ s} (11eb)

Oday S=) s laténg s lugng i trang thi

Moémen tir tong cdng cia nguyén fir: Py= P+ R (15.17a)
Va: F5=PL+PS=2i(L+28) (15.17b)
m

Goi J 1a $ luong tr mdmendong lrong toan phn cia electron, J ¢6 ¢hnhan
cac gia tr. J=L+S,L+S-1,L+S-2,...,.L-SuL>S

hoic J=S+L,S+L-1,S+L-2,...,S—-LuS>L
Khi d6 co: |P E QJBJ\.'( F 1 (15.18)
Va hinh chéu cia Pylén tc z: By= gy m, (15.19)

JI+1)+9S+1)-L(L +1)
2)(J+1)

Véi g lathira 5 Landé g =1+ (15.20)
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hay thira s tach mic tir, my 1a sb lwgng ti hinh chiéu mémendgng lugng
toan phin, co tte nhan (2J + 1) gid it my=0, £1, 2, ..., £J
O trang thai @ ban, cac 8 luong tr S, L, Jduwoc xacdinh king quy tic
Hund, &p ding cho céc electron trongdtlép cho tirdc cia nguyénit nhe sau:
- Spin toan pin S c6 gia trcyc dai théa man nguyén ly ko trir Pauli -
Mai trang thaiing Wi 4 s lweng i n,¢ , m, ,ms chi c6 ndt electron chém cho.

- MObmen qg dao L (mémendong hrong) co gia tr cuc dai phu hyp voi
gia ti d6 cia S.

- Mémendong hrong toan phn J = L — S khidp duoc lap diy chra
dén % va J = L + S khidlp duogc lap day trén Y (igu 16p duoc lap day ding ¥
thi theo quytcdau L =0vaJ=S).

Cac quy ic Hund c6 ngbn goc la o trang thai @ ban ning lugng dia
cac bp electron phi thip nhat. Khi L = 0, nghia 1a ch cé $ tir spin thi g = 2;
Khi S = 0, ngha l1a chi c6 $ tir quy dao, g = 1. Thrdng ngroi ta khéng quan
tamdén biéu thirc (15.18) ma chluu y dén biéu thirc (15.19)d6i voi mdémen tr
nguyén t.

O tat ca cac nguyéntt va ion co6 ép vo Iap day S=0,L=0vaJ=0,
mémen t cuia chdng Bng 0. Vi \ay tinh tr héa gn lién v6i sy c6 mit trong
nguyén & c6 kp vo khéng hp day electron. Theo nguyén |i Padlimdi trang
thai egng tir khdng c6 qua 2 electron cd s@iéi song song, nhvay mémen
spin Hng ®ng aia cac electron nayahg 0. Cac electron nayila “electron
cap d6i”. Néu mot nguyén i hoic ion bao §m mot s 1¢é cac electron thi 1
trong chidng & khong @p doi dugc va nhin chung nguyérir hay co ki ning
xuat hién mémen . B4i véi cac nguyénit cé $ chin electron ¢ téIXay ra 2
truong hop: tit ca cac electroriéu cip ddi va mémen spindp thanh Bng 0,
hay la 2 héc 1 vai electron khongap d6i va nguyénit £ c6 mémentt. Vi du
H, K, Na, Ag c6 8 ¢ céc electron va @t trong chiang khéngap doi; Be, C,
He, Mg c6 é chin electron vait ca chingdéu cip doi; Oxy c6 $ chin
electron nleng 2 trong chung khéndip doi.

Khi tinh ©ng cac mémenut quy dao va mémentt spin cé tk xay ra
truong hyp ching bu & nhau va mémerbhg hyp cia nguyént bang 0, con
néu khéng cé bu fr thi nguyéni 3 c6 mémentt, tic 1& ching cott tinh. Co6
thé dya vaoday dé phan lai vat liéu tir.

Nhitng vat liéu ma nguyénit cia nd khéng cé khning o mémen i
thi goi 1a nhirng Vat liéu nghich tr (hinh 15.3), niing vat liéu ma nguyénut cia
né co ki nang c6 mdmentt thi ¢ the 1a thuin tr, sit tir, phan sit tr hay feri
tir. Cac Wit liéu c6 Bng cac mdmenitbing 0 hac rat nho thi & thudin tr (hinh
15.4).0 céc it lieu ma cac mémenrtdinh hréng song songdi nhau, trc 1a
mémen & tong @ng rt 16n, thi 1a 4t tir (hinh 15.5). CAcat liéu phan sit tir ¢
ca moémentt ddi song song & nhau (hinh 15.6). ¥ liéu feri tr nhue d& biét, c6
cac mémentt dbi song song nimg do 1on cia ching khéng dang nhau (hinh
15.7).
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§15.2CHAT NGHICH TU

O diéu kién binh throng c&c cht nghich tir khdng béu hien tir tinh vi
chung khéng c6 cac moémein tir phat (khdng bphén ac tr), nheng khi dat
nghich tr vao trong i truong ngoai thiv ching xét hién mot tir treong phu céd
gia ti rat nho va hrong ngroc vai tir trudng ngoaibé khao sattinh nghich tr
ciia Vit ligu ta cé ti ap ding dinh lugt Larmor.

Khi dat nguyén & vao trong & truong qI:I , doc theo tuc Oz, chu;%:n
dong aia electron quanhahnhan @m hai chugn dong thanh phn la chugn
dong aia n6é gbng nhr khdng co & truong ngoai va chudn dong quay quanh

: L. .. _e
phuong tr truong Wi van toc goc Larmor: @, = 2_Bo (15.21)
m
tao ra mémentong hrong moi : /= |, (15.22)

véi | & mdémen quan tinhua electronddi vai truc quay: | = ma® (15.23)

trong néyg la trung binh ¢a binh plrong khaing cach & electron &i truc

guay (Oz). Daio: Z:%_Bo (15.24)
, o q - e- édd-=
Tuongng ta c6 mémenitphy caa electron thi: Ap,, =——/=-——Bo
2m 4m
Moémen fr phu toan pln aia nguyénit cé Z electron:
_ . 2n 7
AP =Y Ap, =-° BOZaf (15.25)
i am 3
Goi r; 1a khaing cachw dién tir thir i dén hat nhan nguyénit, ta co:
C=y=r=lP swma ==l
2D zZ 52
= 2 ZF —
Do d6: APm =S BO—Zf:—ez—Bo (15.26)
4m 33 em

Vi r? 1a trung binh binh ptong khaing cachw electrondén hat nhan.
Theodinh ngha ta c&d¢ tir hda d@ia nguyéni:

.- n&ZP-
J=nAPR,=--2 B 15.27
Ny om ( )
O day ny la $ nguyén i trong ndt don vi thé tich \at liéu. Khido codd tir cam
\ n,& Zr
bang: X = ~ o€ £TH, (15.28)

6m
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Nhu vay X c6 gia ti am, chinh Iad cam nghich tr, n6 throng c6 gia tr rat
nho, X~ 107°. Tir (15.28) cho thy X khong ph thusc nhigt do.

Nhitng khai ném trénday khéng bn cké cho electrond 16p nao va
trong nguyéntt caa chit ndo, vi @y co the xem nhr moi chit déu c6 tinh
nghich tr. Cac clit nghich tir hay dip bao @m cac khi ts He, Ne, Ar, Kr, Xe;
nhém halogen CI, F, Br..., ¢hsd kim loai kiém, dat hiém va mwi caa chang,
da $ céac hp chit hitu o, thuy tinh... Bang 15.1 a6i day cho gia trdo tir cam
cia mjt s6 chat nghich tir:

Bang 15.1:Gid4 tri d¢ tir cam aia mgt s6 chat nghich tr

Vatlieu | -x.107° | Vatlieu | -x.107° | Vatliéu - X.107°
Ag 2,4 Ar 6,1 Si 1,2
Au 1,9 C 6,2 Sb 10,6
B 7.8 H 25,0 | Al,Os 3,5
Be 13,0 He 5,9 CaCQ 4.4
Bi 16,0 [N 5,4 CO, 6,0
Cd 23,9 | Hg 2,2 CuwO 2,4
Cu 1,08 | Pb 1,4 H,O 9,05
Ge 1,5 Zn 1,9 H,SO, 5,0

CAc clit siéu dn c6 B = 0 vay = -1dugc xem |a céc cit nghich tir ly
teang. Tinh clt tr caa nghich tir rit nho bé nén trong e & nguoi ta khong
guan tamién viéc tng ding cac 1t liéu nay & pheong dién tir tinh.

§15.3 CHAT THUAN TU

Khéc wi chat nghich tr, cac clat thuan tir khi chra b tr héada co
moémen & ngueyén ir, nheng do chugn dong nhet, cac mdmen na)ép xép hon
loan va moémentt tong cong aia toan kidi bang khong. Khidat chit thuan tir
vao fr truong ngoai thi cac momerr trong chungiinh hréng song song, clng
chiéu vai tir trudng ngoai, va nin vy chung 8§ c6dd trr hda drong, tuy At nho
(xem king 15.2).0 cac clat thuan tir, nguyén i c6 mt sd Ié electron (nir Na
tw do, NO, C(GHs)s...) haic ching thac nhdm cac nguyér tchuyén tiép véi
mot 16p electron bén trong o dugc Iap day hoan toan (nhém kim #b 3d -
nhém &t - nhr Fe, Co, Ni, Cu, Ti...va nhom kim 404f — nhém Lantangdat
hiém — nhr La, Ce, Pr, Nd, Sm, Tb...

1 — Nghién @u tinh chit tir cia chat thuén tir biang thuyét Langevin:

Theothuyét Langevin ¢ phan I6n cac cht thuan tr, do tir hda ph

C

X==

thuoc nhiét do theodinh Iuat Curie: -

(15.29)
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véi C la hing $ Curie. Khi nhét do cang caodo tir hoa ghm di mot cach manh
mé. O day cdc moémenut nguyén & dugc coi nhr nhitng vect cé thé dinh
huong theo Bt ky huéng nao va ching khéngrdng tac in nhau. Ap dng
phan b thong ké Boltzman cé thtinh dwoc mdémen & cia cHit thuan tir:
M= nyP oL (X) (15.30)
_ PH
& x=-"
B
nguyén & trong mdt don Vi thé tich, p, 1a mément nguyén . Khi tir truong
nho, x << 1, c6 th khai triégn L(x) = x/3, dodo:

trong dé L(x) = cthx — 1/x

la ham Langevin,ofa

M :nomeznO—R‘z“"H:x‘H (15.31)
3 3k, T
Tur day co: X = NoF, _< (15.32)
kT T
vi: C = oFn 13 king & Curie. (15.33)

3k,

Nhu vy theo thugt Langevin 6 dién do cam thuan tir ty 18 nghich wi
nhiét dq tuyét doi. bieu nay phu bp v;’yi dinh luat thuc nghém Curie (15.29)
(cong B nam 1895, tuac khi co i thuyt Langevin).

Bang 15.2:P¢ cam tr cia mjt s6 chat thugn tr

Vit lidu X.107% | Vatlieu X.107° Vit liéu X.107°
Al 7,7 Mg 10,0 Wo 3,5
Ba 1,9 Mn 121,0 CoO 750
Ca 13,8 Na 8,6 Cr,0; 380
Cr 38,7 Pt 12,0 CuO 38
K 6,9 Ta 1,1 HCI 950
Li 44,0 U 33,0 FeC 376

1000C

2 —Ung dung chat thuén tir dé tao nhiét d¢ thap:
~_M¢t trong nhiing tng dang quan tng aia qkﬁt thuan tir la tgo nhiét do
thap bang phweng phap khi tir dogn nhiét cac mwi thugn tir. Khi nghién ¢u
vé nhiét dong hpc cac hén teong tir ta co noi lién hé:
dQ =TdS = PdV — HdM + dU
v6i Q la nhit lugng, S |a entropy nki, P 12 &p sit va V la tié tich vat thé, U
la nbi nang. Khi xay ra qua trinkioan nhit thi dQ = 0 va S = const. Oib:
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dU = - PdV + HdM

Theo day c6 tht lam giam nhigt do
cua mau bang hai cach la: J

- Hoac cho dV > 0, dan & hé
de thyc hign mot c()ng ra ngoai lam
giam noi nang dU va gim nhit do,
thuong tién hanh trén cac khi, co&h
ha nhiét do dén 3-4K.

- Hoac cho dM < 0, kb tu
doan nhiét hé dé lam gam nhit do,
thuong thrc hién & cac mii thuan tir
(ching han NH,Fe(SQ),.12H,0 hay
KCr(SQ),.12H,0...), ¢ tié ha nhiét
d6 t6i ~ 4.10°K. Nguyén ly @a 1 e Que
phuong phap nay nhsau: ai tac ~ ENtropy S vao nbi 4o va tr
dung aia tir treong ngoai, cac mémen  trwong ngoai Ho chat thuan tr.
tir cha tinh tHé thuan tr dinh heong ~ P0an AB Ung wi qua trinh ke
khong hoan toandm loan mauu tign  r 40an nhigt.
theo hrong aia tnrong ngoai, ke la

H, CHy <Hy

|
Hinh 15.8: Sr phy thuc cia

=
-7

mirc d6 trat tu coa k¢ ting Ién, dodd T,‘,;,-,:m,;w
entropy @a hé giam di. Néu dot ngot %ZET% -
ngat tir truong ngoal (ki tir doan o
nhiét) thi mic do sip Xep trat ty cua 1 J

cac momentt lai giam xuéng, nhrng S = ({v ul
entropy khong thayioi (S = const), =S|
boi vy dé giir ¢ trang thai can &ing, e e e
nhiét ¢ caa he phai giam xudng, . :f:—:L ==
ngha la ring hrong aia chugn dong S 1§‘
nhiét (cAc phonon)duoc cung ép o e e e
cho cac ion thin tir dé ching té vé =

tinh trang dinh hrxéng Bn loan ban =

dau.

Qué trinh lamdnh king khi
tr doan nhiét dwgc biéu thi bang o
duong AB trén hinh 15.8, métsy Hinh 15.9: So do thiet bi lam kinh
phu thusc cia entropy S vao néii  bang khi tir dogn nhiet mwi thugn
d6. Biém A ung Wi trang thai c6®  t 1. binhdyng mau; 2. Mau; 3.
truong H; tac dlng va nh@t do la T, Day treo; 4.0ng dan khi Heli
diém B tng wi H = 0 va nhét do
To< T. Vi qué trinh latoan nhiét nén AB rim ngang.

So @6 thiét bi dé thuc hién qué trinh trémuoc md & ¢ hinh 15.9. Méi
thuan tir (2) duoc treo cach nlét bang cac si day din nhigt kém (3)dit trong
hé théng hai binh thy tinh kin, chra N, va Heli bng , rim gitta hai arc mot
nam chamiién (c6 tté tao tr trusng 1GA/m). Hut chan khéng cac binh i
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khi. Heli € s6i manh va lam nhit d6 caa ke ha xudng khaing 1K. Khi nhét do
cia mhu da 6n dinh, déng dién cho nam chandong thyi hat hét khi Heli ra
ngodaidé cach nhit hoan toan d@u thuin tr. Saudod ngit dién dot ngot nam
chamdé thuc hién qua trinhdoan nhigt va nhét do cia mau thuin tir 5 giam
xubng rit thip, co tte dat toi ~ 4.10K.

§15.4 CHAT SAT TU
1 — Tinh chat tir cia sit tir:
Céc clat sit tir bao @m nhiing nguyén 6 nhém chuyn tiép nhu Fe,
Co, Ni, Gd va mt 0 hop kim aia ching, cair tinh mgnh. Do tr hoa da st tur
I6n hon hang tréu lan ¢ nghich tir va thuin tir. Ngay @ khi khong co truong
ngoai,¢ dudi mot nhigt do Tc naodd (nhigt d6 toi han Curie) trong & tir Van

ton tai Cac momentt ty phat. Bing 15.3 d¢i day cho ta rat vai thong 8 Vé tur
tinh aia Mt sH chit sit tur.

Bang 15.3:Gia tri do tir hdéa bao hoa,it do nguyéni va nhét do Curie aia

tinh thé st tir
Chit Boti hoa (Gauss) |, (oK)/(don | Nhistdo
Tphong (K) OK vi cong thirc) | Curie (K)
Fe 1717 1740 2,22 1043
Co 1400 1446 1,72 1388
Ni 485 510 0,606 627
MnAs 670 870 3,4 318
FeOFeO; 480 - 4.1 358
Y3Fe0i2 130 200 5,0 560

Nhiét do Curie T 1a diém mad dudi né (T < To) thi vat liéu 1a sit tur
con khi nhét do cao on né (T > T) thi sit tir tro thanh than tr. Khi nhiét do
ting lén thi cing han tr do caa \at liéu giam di. Chinh i T = Tg, tr 46 S5
bang 0. S phu thudc nhiét d6 caa o6 cam tir ¢ sit tir cling tuan theatinh luat

Curie-Weiss nh ¢ chit thuan tir: X = % (15.34)
2
n (gu JI( I :})
véi c=—\"° (15.35)
3k,
va 6=A,C (15.36)

trong nayA , 1a ke s Weiss.
Hinh 15.10 méd sy phu thuoc cia tir d6 bdo hoa k thuat s va t sb 1/X vao
nhiét d(f).q , , ‘ q

’ O tat ca cac clat sat tir déu bieu hié;n t|’nh~ {r du. Tac la sau khiduoc tir
hoa, rRu ngat tr trrong ngoai (H = 0) thid tr van con gir duoc tir tinh @0 tur
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du) va chdng chbién mat khi bi tir héa theo cliu ngroc lai véi mét tir truong
du manh (goi 1& crong do truong khr tir He). Dé dic treng cho tinh du caa
vat liéu ngroi ta dung nét duong cong i tré trén hinh 15.11, qudd cho thy
cam tng tr, tir do va & do cam tir phy thusc phi tuyén vao tr truong tr hda.

Thuc nghiém ding ch ra fang dé tir hoa b&o hoa (giaitBs) phan lon
cac \at liéu sit tir chi cin mot tr truong khéng én 1am (khaing 16 A/m, trong
khi o thuan tir 1a 16 A/m). Vi du véi Supermalloy FeMn H~ 1A/m ; &b kim
AINiCo H~ 5.10 A/m .

B
JS i f‘.«.urlm;iu
s i, /
4 +Bg | N S
]_ +B A "
T -
; - H
4
N n
0 T. T
Hinh 15.10: Sr phu thusc nhigt dg”
cua do tr hdéa bao hoadva v so
/X Hinh 15.11: Pwong cong # tré cia

sat tir

Hién nhién la @i tir d6 vado cam tir 1on thi it tir ciing c6do tir tham
H=1+¥ lén va @am&ng tr B = ppoH cao,ddng thyi cé arong do truong khi
tir He cao. Cling han sit tinh khiét sau khi lugn trong hydro cqu = 280000,
hop kim FeCoMoSiB couy = 400000-600000, dp kim permaloi (78%N:i,
22%Fe) cou = 80000; Thép FeWC céam ung tr bdo hoa B= 1,15-0,95 T,
hop kim FeCo c6 B=2,35T; Kop kim Sm-Co coamung tr du B, = 1-1,15T
va luc khang &t Hc = 750-850 kA/m, bp kim NdFeB cho B=1,1-1,25 T va
Hc = 800-1000 KA/m...

Ngoai ra &t tir con nhéu tinh chit doc ddo khac nt tinh tr gido (khi i
tir hda \it sit tir thay doi kich thrdc haic ngroc lai ¢ sit tir ¢6 tinh & giao khi
lam bén dang @ hoc thi ding 1am cho it bi tr hda), tinh @ hudng tr (46 tir
héa theo cac plong khac nhaut@ tinh thé sit tir thi khac nhau), Bn twong
cong hrong sit tir (khi dat sit tir vao trong i truong khongddi H ciing c6 tie
hap thu cong hrong songdién tir co &n $ thich lyp), hicu tng quangtt (khi
chiéu chum &nh sang -somign tir- qua \it sit tir thi mit phang phan gc cia

chum tia sang khii qua \at haic phan xa trén ndt vat bi quaydi mét géc nao
do)...
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T4t ca nhirng tinh clat néu trén lién quadén ban chit tir tinh dia sit .
2 — Ban chit tir tinh caa sit tir:

Dudi day ching ta & xét mjt s sd ¢bng trinh Iy thugt nham giai thich
hién tuong git tir,
a. Ly thuyét Weiss (thugt mién tir hda e nhién):

Ly thuyét Weiss (1907)tuoc xem nhr thuyet co dien ve sit tir. Weiss
gia thiet rang chat sat tir duoc tir hoa do trongid co bn tai mot treong i tai
phan t, dong thyi cling gi thiét rang ngay & khi khéng co & truong ngoai
chat sat tr cling dugc tr héaden bao hoa. Trong ¢ng thai khir tr (H = 0)
momen & tong &ng aia it tr ciing king khong la do & chia thanh niing
vung vi moé riéngd, goi la cacddmen (hay vungithda tr nhién), bén trong m
vung mémentt cua cac nguyénithuéng song songdi nhau ntwung mémentt
cua cac vung khac nhauxcb'ng khac nhau nérog cac mdémenit cia G vat
bang khéng. Trong qué trinkr thoa \at, tr truong ngoai chco tac dng dinh
huéng mdmen & cua cacddmen.bieu nay gii thich vi sao chcan mot tu
truong nho ciing co th tr hda bao hoaastur.

Nhu vay c6 tre coi git tir 1a vat ligu c6 tat tu tir, trong tr nhu phan sit
tur va feri tr, £ duoc trinh iy ¢ phan sau (hinh 15.12).

SRR IR

Sat tu don gian Phén sat tf don gian Ferrit tu

U G00600 s

Phan sat tir nghiéng Day spin xoan Ving nang lugng sat tir

Hinh 15.12: Sr sip >@p dinh hedng trat tw cia cac momenitnguyén i
trong Mt o vt liéu sit tr, phin sit tir va feri .

Kich thréc cia cacdémen tuy —— R
thuoc vao lai sit tir, co the cé duong —
kinh tr 0,5-1,5um (néu xem ching c6
dang hinh du). Gita cacdémen c6 cac | | | T
vach ngn (hinh 15.13), thong gip
nht 1a lcai vach ngin Block (hay véach —
180°- ngha la 2 démen Ién k& vach
ngan nay c6 cac momemr dinh he6ng  Hinh 15.13: S @ cdu trac
doi song song &i nhau, khidi qua vach  zamen trong é tr, giza cac ving
Ngin nay cac momenrttw dong quay |3 nhing vach ngn. Cac véat
180" dé trang hréng Wi momen & k& mamen & (mai tén) dinh heong
bén — Xem hinh 15.14). W nghém 5 song songing @ip dan dén tir
da xac minh g ton fai cua cacdomen 75 ¢ia tcan \dt bing khong
tr bang viéc quan sats sap xép theo ' )
mot trat tw xacdinh aia cHit 16ng tir trai trén B mat vat sit tr (pheong phap
Bitter, xem hinh 15.15).
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Khi tir hoa cac cht sit tir, ban du
s3 14 qua trinh gth chuyn cia cac véach
ngin. CAc ving c6 mémenr thuéng ¢in
tring \oi tir tredng ngoai H én dan 1én con
cac vung ma mémenrtcia chung khéng
tring Wi phuong tir hoa thi thu bp dan va
bién mat, khi tr truong tr hoa &ing din I1én.
Khi tr truong tr héa Hdu 16n, € chi con
cac vling c6 mémerirtgan tring \bi phuong
cia H. Néu tiép tuc ting H thi cac mémenit
nay € thuc hién qua trinh quaydé dinh
hudng hoan toan song song va cungéahi
véi tu truong tr hoa, luc nay A *,“m "
tr do cia miu dat toi gid i AL \k'jl;,f;},‘f)}m AT by

b 4' W \’-":

bdo hoa (hinh 1.16). Vi que 4\3 Mﬁ ‘ﬁéb
e

Hinh 15.14: Sy xoay hwong
cua véctr mbémen & trong
vach Bloch ara haidémen

trinh dch chugn vach va "},‘;‘4 ;
quay @ia cac momenitkhi tir {{"‘"ﬁl‘ \LLLQ\Q,\ ‘
truong H bn 1a c6 tinh cht 1J et

bat thuin nghich nén khi ng

...I k il i -
tir tredng ngoai thi mémenit "’?‘*ﬁ;’w E@Lf
cia cacddmen wn gitt lai mot et
st dinh hréng nHit dinh, " “

khong to lai trang thai BN 0k 15 15: M6 hinh @u tric démen @a
loan Aban dau. ,Do‘ chinh la Sat tr. a. Dgng mé cung (quan séir Sip
nguyen nr)an t!“*!”td;‘ trqng xép aia chit long tr trai trén bé mat vat).
sit tr. Muon kr,u tr mau (am  p “Miu @8men the nhin dwoc sau khi
triét tiéu &am uwng tr du) thi e a s .
haic phii tr héa it theo boc tach &p ke mat day 28 um aia vit.
chiéu ngroc lai dé pha W sr dinh hréng co6

trat ty cia cAc momenut (khir tir bang tr 5
truong), hdic phai nung néng ¥t lén dé pha = =
V& cau tric ddémen @a ching (kir tir bang S
nhiét). Nhiét d6 Curie Tc 1a giéi han ©n tai =
cacdomen 4t tir, qua gbi han nay (T > ) 3
St tir tré thanh than tir. =
Dioi dAy xac ip cac bbu thic tinh =
cac dai luong dic trung tr tinh dia sit tir &
theo quardiém cia Weiss: “§0

@ Cuomg dé tw truong H

H=0

Truong phan & ma Weiss gi thiét ty 1& voi

dotrhoa:H =A,J  (15.37) ‘ o
Hinh 15.16:Qua trinh i

véi A, 1A & s Weiss. Khi c6 & truong hoa \dt liéu sit tir.
ngoai H, mu vat chiu tdc ding aia trrong toan phn Hr 1én mbi mémen tr
nguyén t: I:|T =H+ I:|i (15.38)
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Tuong ty thuan tir, ta c6 & d6:  J = RgusBJ(y) (15.39)
H+H. ) J H+A M
Nhung o day: vy = Igs ) = Qs ( uM) (15.40)
kT kT
. N N . (3+1)
Khi T > T¢ va tr truong ngoai nb thiy << 1, l0ad6: B; (y) = 3]
Do do: M =nygu, 0+ Jas, (H+A, M) (15.42)
3J ke T "
Giai phuong trinh nay 8 dang timduoc: M =xH (15.43)
: C
Vol =—- 15.44
X% (15.44)
2
JCTEEE)
dday C= (15.45)
3k,
va 8=A,C (15.46).

Biéu thic (15.44) chiqh Ig‘dinh luat Curie — Weiss cho tha tr. Nhe vay &
vung nhét @6 T > T chat sat tr tro thanh thén tir.

Trong trong hyp khéng cow truong ngoai (H=0), T<dva 0~ T¢,
bang phrong phapdo thi ciing co tké xacdinh duoc:

_ noQZUé‘]( J )')\
C 3kB w

Phrong trinh nay cho giditiTc = 8 nhur (15.46). Gii phuong trinh nay i cac
gia tri T<Tc c6 thé dyng duoc duong cong i do phu thudc nhiét do mé & o
hinh 15.10 tréday.

Tuy nhién Weiss ing khong gii thich chinh xac ngin gdc truong
phan tr trong st tir va thrc nghgm ding ch ra iing trong mi tai nay (réu co)
thi rat I6n nhrng khéngdong vai trd qugt dinh dén sy dinh hréng song song
cua cac momenitnguyén i sit tir. Vay ban chit truong Weiss 1a gi vadp
nao qugt dinh trét tu tir cua git tr 2 Cau bi nay € duoc giai dap khi nghién
clru sit tir bang thuyét lwong ti.

b. Thuyét lwgng te vé tinh it tir:

Heisenberg va Frenkel 1a intg ngroi dau tiénda dua ra gi thiét ring
ban chit caa trong Weiss latong tac traaddi gitta cacdién tir thusc nguyén
tar ciu thanh cht ran. Tuong tac traaii la trong tacdic thu ¢a @ hoc hrong
tir biéu thi anh hrong aia sr dinh hegng spin 1én ang luong dia kg, c6 ngén
gbc la trong tac tnhdién.

(15.47)
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~ Theo md hinh Heisenberg cétRac dinh dugc nang lrong trong tac
traodoi gittadién tir thir i va cacdién tfrj con hi cua nguyénft doc theo tuc z
cia tinh tté bing biéu thirc sau: = —Z 2),S,S, (15.48)
¢ day J la tich phan traddi, S, va §; la spln Ga cacdién tri va j chiéu lén
truc tinh tr¢ z.
Néu thay § bing trung binh ting ké §; (theo ly thuyt truong phan i cua
Weiss) va apehg ke thac giita moment va moémeniong lwong  pnij = QUsS;

ta co ti¢ viét lai (15.62) drsi dang:W, = —[Z ( ) “52 ]p,z (15.49)
j Mg

Goi Hy, la arong do truong i tai (truong Weiss), co idong e theo toc z, ta
co: W= - Hyliz (15.50)

2] U.
So anh (15.49) va (15.50) ratraH,, = Zﬁ
! j (gp-B)z

Mat khac theatinh nghiadé tir hoa: M =Np; hay W = %

(15.51)

, 2,
Thé (15.51) vao (15.50) ta c6: H,, = {Z—’Z)M (15.52)
' N(QUB)
;. s . 1 . 2Jlj
Déi chiéu woi (15.37) suy radisd Weiss: A, = > ————  (15.53)
i N(QHB)
Ng’uzgS+1
Tir day tinhduoc nhigt 6 Curie: T, = J “315( )AW (15.54)
B

Nhue vdy ban chit truong phan & Weiss chinh lauong tac traodoi.
Tuong tac nay cang anh thi nhét &6 chuyén pha &t tir - thuan tir cang cao. ¥
thuc nghém ngroi ta xacdinh dugc nhit do Curie va tr @6 tinhdugc tich phan
traoddi dé tinh naroc lai gia ti H,. Mo hinh Heisenberg gjithich duoc oo ché
hinh thanhto tir héa tr phéat @a sit tir & nhiét 46 T < Tc va the hién tinh thdn
tr & T > Tc. Tuy nhién mé hinh ndy ¢l&p ding duoc cho cac & tir cachdién
va cac kim lai dat hiém co bp dién tr f chua lAp day haic cac kim lai sit tir
madién tir caa chiing Bm rat gan nhau, niing trong hop khac (cac kim lg
sit tir va hyp kim sit tir ma trong chdng cétién tir dan déng gop chinh vado
tr héa) thi phAi van dung thém mo hinha nang hrong (khiddé cacdién tir bi
tap thé hoa, 1o thanh céac a niang legng) va trong tac traaidi gian tép théng
qua ndt dién tir khac (ion) néi cé thé giai thich duoc. Mat khac ly thugt Weiss
vé truong phan i ciing cH thich kyp cho trong hyp nhigt d6 thuong hdic cao
gan bing nhét do Curie, cond nhiét d6 thip haic rat thap(gan OK) thi phii nho
téi phuong phap song spin (magncn‘a giai thich.

Ciing cén noi thém &ing & cac nguyénut ma cac ép dién tir dugc lAp
day va tich phan traddi cé gia ti duwong din t6i sy dinh hréng song songia



Chwong 15 VAT LIEU TU 319

cac spin latiéu kién cin vada dé xuat hién tinh gt tr. Ching ta & con to lai
van dé nayo phan sau.

§15.5CHAT PHAN SATTU VAFERITU

Tuwong tr nhr st tir, phan sit tir va feri tr (ferit) 1a cac cht duoc ciu
tao tir nhitng ddmen fr, c6 tét tu tr va tr tinh At manh. Nhing ¢ phan sit tir
cac moémentt nguyén i co gia ti bang nhau nhing dinh hréng déi song song
v6i nhau fing d6i mot nén mémentit tbng ng aia vat luén ludn Bing khéng
khi khéng co i truong ngoai. Cony ferit cac mémentt ciing d6i song song
nhung gia ti cia chingdi khéng king nhau nén mémeir hguyén i ton ong
khong bl tir 13n nhau dai6 do tr hoa toan pin trong it ludn khac khong. Ta
s tim loi giai dap cho nitng hién trong nay.

1 — Chit phan sit tir:

O phan trén, trinh By vé chit sit tir, d& dua ra tich phan tradoi J;, dac
trung cho ing hrong trong tac traaioi hay xac sht traodoi gitta cacdién tir i
va j aia hai nguyénit a va b trong & thé. Pai lugng nay c6 th dugc xacdinh
bang biu thirc sau:

Iy ‘Jq’ LV, (1w, ()dadg; (15.55)

O day @ va |’ 1a cac ham soéng va ank gaa no, V 1a toanit ning hrong
twong tac gira hai nguyénit, q ladién tich @ia dién tr. Gia ti coa J c thé
duong haic am. Khi § > 0 cac spiinh hréng song songdi nhau (é, T1 éj),

vat ligu la git tir. Khi J; < 0, cac spinioi song song §, 1 ¢ S)), vat liéu la phin
sat tir.

Tinh cHit phan sit tr 6 ¢ nhiéu vat liéu nhr cac lyp chit MnO, MnS,
MnTe, Fek, FeO, CoO..., cac kim b dat hiém nhr Ce, Nd, Sm, Tu..., Bt s
kim loai nhém chugn tiép (nhém &t) nhr Mn, Cr.

Thuec nghém da cH ra fing & cac nguyénd 16p chuyan tiép co bp vo
dién tir d khong dp day, tich phan traadi phu thuse truc tiép vao 1 sd ald,
trongdo a la khang cach gra cac nguyénit(hay hHing $ mang tinh t€) con d
la ban kinh g dao I6p trong khongap day.

Trén hinh 15.17 mé&tméi quan 1§ giita tich phan traddi J va ¥ s a/d
cia cac nguyéndtnhdém chuygn tiép, ta thy khi a/d > 1,5 tich phan J c6 gia tr
duong, trong ung Wi nd c6 cac chi sit tir Fe, Co va Ni, ¥ a/d < 1,5¢6 J <0,
khi @6 Mn, Cr... la plin sit tir. Bang cach nadd6 lam tng hing $ mang aia
Mn dé a/d > 1, 5 thi Mn c6 thtro thanh &t tir. Thuc nghém ching © diéu nay
khi pha vao Mn it luong nhd nito 5 1am ing hing $ mang aia Mn va né
nhan duoc tinh it tr. nhiéu hop chit khac @a Mn nhr MnCuAl, MnSb,
MnBi...ciing biéu thi dic tinh nay.

Trong thc t& nguoi ta ¢ te sir dung prd nhidu xa neutronde xacdinh
sy sip xép cia cAc mémenit phan sit tir. Hinh 15.18 mdét ciu trdc r cua
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MnO dugc xacdinh bing phrong phap pb nhiéu xa neutron. § phan 1 trat ty
cia mémentt nhr vay chi c6 ¢ ving nhét do thip hon mot nhiét do Ty, duoc
goi la nhiét 36 Néel.

Nhu vay c6 thé noi vat liéu phan it tir tao thanh ¢ hai phan mng b
tir héa ngroc chiéu nhau:

Ma = - Mg (15.56) g Co TEx!
Cé&c ion tr 6 trong cac phan amg nay

khong trong tac traadoi truc tiép v6i o .
nhau ma théng qua ahion thr 3, }!"5 a/d
chimg han & MnO cé&c ion & Mn* Mn H H
tach ®i nhau Wi ion khong & O*. ~ Phan st i

Mot cach éng quét co th coi tinh thé

phin sit tir gdm hai phan rmng sit tr ~ Hinh 15.17: Sr phy thuse cia tich
1dng vao nhau, sao chéttca cac ion phan traodsi J vao ¥ 6 giira hing
lan dén gin nHit cia phan rang thr  s6 mgng a va ban kinh d gudao
nhit [ nhing ion @ia phan mng thr  khong lip day a/d.

hai va naroc lai. Trong mdi phan

mang cac spin cung okl v6i nhau. Gi phan mng 1 c6 mémenutspin hréng
|én trén, phan emg 2 c6 mdmenut spin hréng xuwng dréi, twong tng Voi
ching c6 céc tich phan traéi trong ndi phan mng Ji, b, va gita cac phan
mang Wi nhau la &, b;. Ta coi §:>0; 1>>0; J.<0; }:<0. Vi hai phan ning
tuong duong nén & = J, va J, = Jy; dong thyi do hai nGt mng anh nhau
thuoc hai phan rng khac nhau #m gin nhau bn so \i hai nat @anh nhau

thudc cung ndt phan nang nén gi thiét [J,,| > J,; .

Hinh 15.19:Mb hinh lién Kt siéu
trao doi cua hpp chit phan sit tir:
hai ion kim lai ¢ cac phan nang
M, va M, twong tac traodsi gian
tiép qua ion Oxy, CAC spidvi song
song.

Hinh 15.18: cgz’u trdc tr cia tinh
the MnO

Theo ly thuyt trudong phant Weiss ta co:
HY =AM, +A,M, hay AY =AM, -]\ M, (15.57)

w

va HP =AM, +A,M, hay R =AM, +A,,M, (15.58)
Khi cé tir traong ngoai H, ni phan mng duoc tr hda riéng va cdo tir hoa la:
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M, = %(H +RO) (15.59)
M, =%(F|+H55)) (15.60)

dday G, G lahe sd Curie choing phan rang. Véct do tir hda cho toan gim

—

ciavitsla: M=M,+M, = %[ZH - M]  @se)

Ng’uzs(S+1)
3k,

trong nay: C=2¢c=2G= (15.62)

Tir (15.61) & dang rut ra u thac chodd cam tir: X = T—i:e (15.63)

: C s : : :
véi 0 :EQ)\H\ ~\y, ). Biéu thic (15.63)duoc coi nhr dinh Iut Curie-Weiss

cho chit sit tir & mién thuan tir (T > Ty). O nhiét d6 bat ky, M; va M, thoa man

(2)
cac phrong trinh: M, = Ml(O)BS{g“BSI((H; H., )}
B

My= I\/Il(O)B{guBS(H "Ry M Z)} (15.64)
KgT
H+H
M, = MZ(O)BS{QHBS&BT w )}
=M 2(o)B{g“BS(H ”‘;2'\42 ‘\7‘21\'\/'1)} (15.65

trong d6 M;(0), Mx(0) la do tir hda ac dai caa mdi phan mng & OK. Giai hé
cac plrong trinh nay c6 th xac dinh duoc d6 tir hoa toan pin vado cam tir
nhue 1& ham @a nhét ¢6 dbi véi phan sit tir. Két qua tinh toan cho lﬁy dang
diéu x(T) 6 T < Ty phu thudc vao plrong aia tr trudng ngoaiddi véi phuong
tr hoa @a hai phan rang (hinh 15.20).

Co the xacdinh nhit d6 Néel tr biéu thic sau:

+
T = E()‘11 + ‘)‘12‘) = e)\ll ‘)\12‘ (15.66)

2 ‘)\12‘ - )‘11
2 - Chat feri tir (ferit):
a. Ngwn gac tr tinh cia ferit:

Ferit [ cac §t liéu tir dxit. Thanh phn caa ching gm 6xit sit hoa ti 3
két hop véi mot hoic nhigu dxit kim loai hoa ti 2 khac. Nix ¢ dé cap i trong
§15.1, feritdugc xem nhr & chit phan sit tr ma cAc mémenrtkhdng bu tir
nhau.Biéu nay c6 ngta la ferit ¢éing cé du trac &r gdbm hai phan nng nhrng
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hai phan mng nay khénguong duong nhau, moémenrtcia mdi phan mng
khac nhau néwo tr hda toan pin khac khdng (xem hinh 15.7). C6 haiakh
nang @ ban din dén ar bat bu tir cia cac mémenitcaa ferit:

- Thi nhit
la cac ion ¥ cua
mot phan nmang co _
momen tr khac M W
vol momen & cua
mot phan mng A
kia hay momentt 31,
cia cac ion '
trong cung mt
phan mang c6 gid Hinh 15.20: Sy phy thuc cia tir do vao phrong aia tie
tri khac nhau, do truwong tr hGa bén ngoai vanh hrong aia tir triong
anh hrong aia  dén tinh ph thusc nhiét @6 ciia do cam tr cia phin sit
tuong tac traodol  tur. X ladg cam tr toan phin, X, X, 1adé cam tr cia
truc tiep. tinh thé khi tr trieong dat vudng goc hay song songiv

- Thi hai BN
. . truc phin sat tu.
tuong tac traodoi “ep o

gidn tiép (twong tac
siéu traodoi) gitra hai

) : g 7 g B
lon trong cung it 0 () (D
phan mang haic khac B @
phan mng duoc thuc ﬂ\ @

hién qua ion 6xy ma A i <
khoing cach i cac ion L) B &
naydén ion Oxy va goc e= 259" 154°34° 90° 25 79°38’
tao boi dudong roi tam
cia cac iont véi tam
cia ion Oxy la khac
nhau (hinh 15.21).

O ferit ton tai
ca hai km niang nay,
nhung mic d6 biéu hién khac nhau nén cac ferit cd tinh khac nhau. Tuy
nhién trong tac traaidi gain tép co6 bi hon v& mat nang hrong vadong vai tro
quyét dinh. Dudi day ta xacdp cac béu thic cho caatai lvong tr tinh aia ferit
theo Iy thuyt truong phan va ly thuyét Neel. Gi st mang tinh tié ferit gom
phan mng thr nhit cé cac spin §uay 1én, phan amg thr hai c6 cac spinS
quay xwbng va $ < S, dinh luat Curie choing phan rang cé dng:

M, =%(H + H&)):%(ﬁ A, -PM,)  (15.67)

85 AA

Hinh 15.21 Mét vai dzng ciu hinh gp xép aia cac

ion trong trong tac siéu traa@idi ¢ ferit. Ning keong

tirong tac traodoi sé lon nhit néu khaing cach & ion
tir dén ion dxy nld nhdt va goce gan i 180°.

_G

) ?(g + gﬁ)):%(ﬂ +A,,M, —\)\Zl\ml) (15.68)
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O day C, #C, va A;; Z\,, Vi hai phan rang khdng trong duong nhau. T
d6 toan pln:
C,+CJT-CC, I\, +A_,—2A
M=‘M1+M2‘:M1—M2:( 1 2) 1 2( 11 22 ‘212‘)
(T - Cl)\ll)(T - Cz)‘ 22) - C:1(:2)‘12

(15.69)
Tur day thuduoc biéu thic nghich dao ciado cam tir:
11, o (15.70)
X C X, T-6
trongdé: C=C,+C,; Xi = é(zclcz)‘)\12‘ ~CiA;; —CAy,
2
o= ClCZ[Cl()\ll +P‘2é‘)2 C ()\ 22 +P\12‘)] ; 0= GG (}\11 tApt 2‘)‘12‘)

Tu (15.70) ta thy 1/x caa ferit phu thusc nhigt ¢ theo quy lat
hyperbol (hinh 15.7), trong ki sit tir va phin sit tir ty s nay thaydoi tuyén
tinh theo nhit do.

Tur hé phueong trinh (15.67), (15.68)6¢ H = 0 c6 tfé tinh dwgc nhigt do
Curie:

1
Tc = E{(Cl}\ll +C,A 22) + [(Cl)\ll —CA 22)2 + 4C1C2}‘?LZ]1/2} (15.71)

Biét
duoc My(0) va M, M, H N

MA0) € xéc | - M, "

dinh duoc do R .

tr hdéa toan | = ] T, ' Tr——J 7.
phin cua ferit. ’r'ﬁ/ ,V L_ : ,y
Do M;(0) va 2) b
M2(0) phu

thuge rat khac  pinp 15.22: 5 phy thuse nhiét @6 cia tr d6 bao hoa da
nhau vao Nt ferit haj phan mng: a/ Lazi thuong; b/ lagi dj thieong c6

do, trong ferit cuc dai; ¢/ co nhit dg b tnr.
ciing ®n ftal

nhiéu dang thayddi do tir hoa
toan pln theo nhit d6 (hinh
15.22). M(T) c6 th co arc
dai ¢ nhiét d6 T # 0 haic bang
0 & nhiét @6 Ty, goi la nhiét @6
triét tiéu.

b Mot <& ferit thond deng: Hinh 15.23: O @ bdn ciu trac kip pheong
- Mgt s Terit t,ongh.; nO:  spinel dia ferit. C&c ion# (hinh tron nb)
Ferit co at nhieu loal, s, vi cac v tri i dien va bat dén, bao e

dugc st dung Iet sic pld béi cac ion xy (hinh trorh
bién va heu qui.Mot vai loai y( ).
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hay dip nhu:

- Ferit ¢6 aiu trac tinh thé ldp phwong spinel: loai nay cé cong thc
héa hc tong quat 1a MeO.E©;, v6i Me 1a ion kim lai nhu Mn**, Zr**, Mg®,
Co®*, Ni**... Tinh thé cia ching c6 4u tric ding lap phrong spinel (hinh
15.23). Céc ferit théng whg nhit thuc loai nay la freit Mangan-Bm
MnO.ZnO.FeO; va Nickel-Kem NiO.ZnO.F®s.

Chang cé & do Ién, am ang tir du 16N, do tir tham Spinel

bandau Isn (c6 t dat t6i 80.000don Vi), lec khang
tir nho (khaang vai cluc Oe),dién tro st rat 16n (o5
10° Qcm), throng duge ar dung lam 18i cac con
cam cao #n...

- Ferit luc giac:

Ph bién nhit trong $ nay 1a cac ferit con
trdc tinh t¢ luc gidc lai khoang cht
Magnetoplumbite Bao0.6K®; va SrO.6Fg€):; , Hinh 15.24:S do c4u
thuong goi 1a ferit tir ceng (hinh 15.24). Ocban trac tinh thé cia ferit
cia ching gm céac kiéi Spinel xen B voi cac kibi
luc gidc. Cac ion Ba
(hay Sr, Pb...) thay th St tr
cho mt ion dxy va @m B mém ,
doi xuang qua tac luc B s Sat tur
giac. Cac ion it Fe* = ctring
chiém cac v tri ta dién,
bat dén va chop kép.

Céc feritdc giac
Magnetoplumbite caio
tir du 16n (4-5 KG), trc
khang tr lon (3-4 kOe),
tich § ning lrong arc
dai 16n ((BH)ma= 4-5
MG.Oe), dién tro suat
l6n (~ 16Qcm) va co
tinh d hug tx lon...,
dugc dung lam nam
cham ¥nh aru, sr dung  Hinh 15.25: Puong cong & tré cia vt ligu tr
pho bien lam loa, mat mem (@uong hep) va i ciing (@wong réng)
DC cbOng sat nho, dung
cu dodién...

t) Ba, St Ph, v.v.

“Hi - Hy

§16.6VAT LI EU TU CUNG VA TU MEM

Trong knh wrc tng ding thyc # nouoi ta phan kit vat liéu tr ra thanh
vat liéu tir cang va \at liéu tr mém. D6 chi yéu |1a céc cht sit tr va ferit ma
ching khac it nhaug kha ning Hn giir tir tinh sau khiduoc tir hda.Dé dic
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treng tinh clat caa hai lai vat liéu nay ngroi ta throng dingdudng cong tr tré
(hinh 15.25).

Vit liu tir cing c6dd tir du By kha cao va 4u nhr con nguyén en sau khi
ngat tir treong tir hda, mén lam trét tiéu né ngoi ta phii tir hoa Vit theo chéu
nguoc lai véi mot tir truong khir He kha Ibn, thim chi ét lon (t6i hang tém
kA/m). Do d6 con @i vat liéu nay 1a nam chaminh aru. Bong thyi vat liéu tir
cing condugc dic treng king tich $ nang hrong arc dai (BH)maxcao (béu thi
nang lec 1am viéc cia nam cham), ichudng tr 16n... Trai hi dé tir hoa \at liéu
tir mém chi cin Mot tir truong ngoai nb va sau khi nat tir treong tir hda thidd
tir du caa ching Au nhr bién mit haic chi

con @t nho, rat d& dang ki mat né king mot truong khr tir rit bé (& vai tram
A/m). BU lai vat liéu tir mém c6do tir tham bandau rat cao (c6 th toi vai tram
nghindon vi) nén changiuoc sr dung pto bién lam 16i cac ctn day ém tng.
Ngoai ra hai lai vat liéu nay con nting tinh clt riéng bét khac. Dr6i day
diém qua nat 5 vat liéu tir cang, tr mém thdng aing nhit cling \6i dic tinh va
pham vi tng ding chung.

1 - Vatligu tir cliing (nam cham Wnh ciru): , ,
Bang 15.4 néu lén rimg tinh clat tr chu yeu cia mot o loai nam cham
vinh aru pho bién.

Bang 15.4:Tur tinh aia vai lazi nam cham inh aru quan tpng nhit.

V@t “éu Hk Br (BH)max TC
[KA/m] [T] [kJ/m’] (°C)

Ferit Ba, Sr dhudng 300 - 400 0,38-0,42| 24-34 450
Thép martensit 10 - 20 0,75-1,0 | 3,3-8,2 770
AINiICo di huéng 50 - 130 0,8-1,35| 29-43 850
SmCgdi hudng 1000 - 2400 0,85-1,01| 140 - 200 720
SmCoy7 di hudéng 650 - 2100 0,98-1,08| 170 - 240 800
NdFeB thiéu kt 800-3300| 1,05-1,42| 170- 390 360
NdFeB nung s bo 1040 - 1800 1,15-1,3 | 240- 300 360
Nam cham éo ferit 180 - 210 0,08 -1,15 8-15 450
N/C c¢o NdFeB 1000 - 1600 0,85-1,05| 130-180 360

Ngoai ra con nléu loai nam cham i cac tinh cht khac nhau @a. Tuy
theo nhu éu sr dung ma ngoi ta cté tao cac lai nam cham khac nhau. Nihg
linh wrc tng ding chi yéu aia cAc nam cham la lam ld&n, méb dién, cac
thiét bi do dién, ...

Trong vai am gan day ptam vi tng ding nam chaminh aru mo rong
rat nhiéu, dac biét trong cac ngantién, dién t, giao théng §n tai, y sinh hc.
Cac may phadién chay bang src gio, src nuéc dungdong @ nam cham inh
ctru, gop pln bd sung ngdn ning hrong thiéu hut va ngay candit do trén trai
dat, cAc méy mot chieu cho xedap, xe may, 0to c;iy dién giam 6 nhém moi
truong. Cac viénit chira daudau, dau khop, huyét &p cao..duoc ar dung ngay
mot pho bién. Dac biét cac ht bot tr ¢ nano mét trong &h long tir dé tai
thudc 16i chira ti cac kidi u dangduoc quan tam nghiénaa. Chinh vi niing
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tng ding Fét sic phong phuda cing ma &n lugng nam chamimg khong
nging dugc phat trén.

2 - Vat liéu tir mém:

Pic tinh chii yéu cia laai vat liéu nay 1a c6 aong do truong khir tir rat
nho, cam ang tr du 16N, d6 tir thAm bandau rit cao, c6 th [én ©i hang tém
don vi, do ton hao t tré thap, thich kyp dé lam 16i cac can day ém ang, 16
bién thé, 16 nam chamdién...Cac it liéu ferit co dién tro suit 16n (t6i
10°Qcem) dugc ar dung rat hiéu qua throng tnh wre cao én. Nhidu loai vat liéu
c6 tinh tr giao dugc ar dung l1am thét bi siéu am. Cacas phim dau tr, bing
tir, dia tr dung trongihh wrc nghe nhin, ghi &m ghi hinh, tird..chém sin
lwong khong 16 vat liéu tir. Cac I linh kién ghi nké &p ding hiéu ang tr tro co
gi4 tri 1éndén 40 § USD vao nking nim cwi thé ky 20. Gin day ngroi ta tim
ra vat lidu co tr tro khong b hira hen nhitng ang dung rat hiéu qua trong céac
linh kién tong hyp da lop, cac b cam bién...

Cac \it lieu tir mém chi yéu la git tinh khiét, sit ky thuat dién, thép it
carbon, kp kim FeSi, FeNi, FeAl, FeCo, FeNiMo, FeBSi..., caai Iferit
MnZn, NiZn, MnMg...C4c tinh cht co ban cia mjt vai trong & cac \it liéu
nayduoc néus bang 15.5.

Bang 15.5:Tinh chit tir co ban cia vai lagi vdt liéu tr mem.

Vatligu | Camung| Luc Do tir Ton | Tuwgiao | Nhiét | Bién
trbdo | khirtr | tham | haoPs | \ 107° do tro
hoa He | poxs | 20kHz | 7 Curie | stit p
Bs(T) | (Alcm)| 50Hz | (Wiko) Tc (°C) (Qcm)
FeNi 24-29 | 0.02 | ~300000| ~30 30 420 -
(VDH) 1.6 02 | 7000- i 45-60 | 600 | 110
FeAl 12 | 003 | 8000 i i 500 | 90
FeSiAl 08 0.04 | ~30000 ] 1 400 )
FeNi(la) | 5g095| 001 | ~3°0000] _g 03 350 i
FeCoMoMn 0.42 01 ~300000 ~0,25 i 150 10
FeritMnZn | g5 | 4 5.4, | ~20000 ] ] 250 10°
Ferit ~800 10°-
NiZnCo 10
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§15.7 VAT LI EU SIEU DAN

1 - Hién tweng siéu din-Tinh chat caa vat li éu siéu din:

CA&c \it liéu mag trong vung nhit 3o T < T¢ (nhiét d6 téi han Curie)
naodo, cddién tro gan nhr bang 0O @i la vat liéu siéu dn. Ngroi ta ding xac
dinh duoc rang vat liéu siéu dn c6do cam tir X =—1 nén siéu & conduoc
xép vao \it lisu nghich tr ly tuong.

Hién twong siéu dn duoc Heike kamerlingh Onnes, nh&tMy nguoi
Ha lan phat iin lan dau tién vao am 1911 khi 6ngtat mot thanh thiy ngan Hg
vao trong helidng ¢ khaing 4,2K thi thy dién tro coa Hg dt ngot giam 15i 0.
Onnes @i do la hén tuong siéu dn va nhét 6 ma dréi né xay ra hién tuong
siéu din 1a nhét do t6i han Curie. Khi T > E thi vat tro lai dan dién binh
thuong. NHing rim tiép theo Onnes cling rthi nha khoa dc ¢ nhiéu neéc
khac con nain thiy ca Pb, Sn, T, In, Ga, Nb..img c0 tinh si@éuih. Trang théi
siéu din dién tro cia \at béng 0da dugc thuc nghém xac nfan khi ngroi ta cho
dongdién chay trong mdt vong xuyén siéu dn (ching han Ny 75210 25 St mot
nam ma no6 khéng ibsuy gam. O vat liéu siéu dn con haidic tinh quan ting
va thud v nita la:

1. O trang thai siéu an, tir truong b day ra khdi chit siéu dn (cam ung
tir trong long cht siéu dn B = 0). HEn tugng nay @i la hiéu tng Meissner (do
n Meissner va Ochsenfeld phaémra rim 1933, hinh 15.26).

b

a)

) Hinh 15.26: S do minh hva hiéu itng Meissner. aD”trar)g thai siéu
dan cacduong src tr bi day ra khvi vat siéu din (hinh tron). b/O trgng thai
dan dién binh theong.

Nguoi ta ding thiy ring c6 ndt sb chit siéu dn khi co tr truong H <
Hc (tir trudng gidi han) thi nd 1a siéu &h, con khi H > H thi n6 t6 vé trang
thai din dién binh throng, oi 1a siéu dn loai 1. O mot sd chit siéu dn khac ¢
hai tir truong givi han H; va He, ma khi H < K4 thi chdng |a siéuih, khi He,
< H < He, duong src tir truong xuyén én vao nau chit siéu dn dudi dang céc
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duong xoay (héu ung Meissner rjt phan), ch khi H > He, vat méi dan dién
binh throng, goi 1a cac clat siéu dn loai 2 (hinh 15.27).

My 1 Toai I Loai IT A1
= = o
= = !
I

i ) Vitng xady ! Thudrg

H!L" H,, 'F_{-:- _ H,.,

T trudng ngoai H, —= Tt truding ngoal H, —

a) &)

Hinh 15.27: Tur tinh aia siéu dn logi 1(a, ch cé n¥t gia tri gisi han He) vNa
siéu din logi 2 (b, c6 hai gai t gisi han Hey va He,, giira chdng c6 siéuah
maét phan).

2. Trang thai siéu ah < bién mat
néu dua vao nod dongién co mit do
J du lon, tic la khi J > 4 thi tinh JeT="H=0
siéu dn cia vat khéng con an tai,
cho du c6 T < E Nhu vay giéi han
gitra trang thai siéu ah va din dién
binh throng aia mbt chit phai tuan
theo @ badiéu kién ti han vé nhiét
do Tc, tir truong He va mat d6 dong
Je (hinh 15.28).

Gn mot thé ky da
trdi qua K tir khi phat hén ra hgn
tuong siéu dn, ngsdi ta da}.ff’t SIC inh 15.28: Gidn dd Te-He-Je phan
quan tam tim kim cac vt li¢u sieu chia cac teng thai siéu dn va din
dan msi va tim cach nang cao réhi dién binh theong
do6 toi han cia chungdé co the tring ' '
dung mbt cach héu qua loai vat liéu
nay vao tlxc ¥ vi tinh ring ky thuat dic biét caa chingDén nayda cé nhéu
loai vat liéu siéu dn dugc ché tao va naroi ta ding dat dugc nhigt d6 Te
khoang 160K. Bing 15.6 I8t ké cac cht siéu dn c6 ky luc vé nhiét do T cuing
véi nam phat hén ra chang.

Céc clit siéu dn c6 Tc > 30K i la siéu dn nhit d6 cao. Tr bang
15.6 c6 tl thiy siéu dn nhit d6 caodéu la vat liéu gdm va trong thanh pim
déu co cac Oxit BaO va CuO. Nhay véi vat liéu siéu dn nhist 6 cao c6 th
ap ding céng ngh gbm dé ché ching vado trang thai siéu &h bing cachdua
cac \it liéu nay vao trong méitdng lam hnh bing He hac N long.

Mt df déng J

He(T="K,J=0)

Nhigtgs T TctH=0.J=0) Tif trugng H
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PHin I6n cac kim lai don chit & siéu dn loai 1, c6 tr truong givi han

Hec rat nho, chi 63 0,1-0,2 T va gid trX ciing nho ~10A/cnf. Cac siéu @h la
hop chit cia Nb, Mg va cac@n la nhing cht siéu dn loai 2, chiing c6 I3, rat
lgn, tr 1 i vai tram Tesla vadcs 10%-10" Alcm?.

Bang 15.6:CAc chit siéu din wi nhiét dg t6i han Tc va nim phat hén.

Vit liéu Tc Nam Vit liéu Tc Nam
(K) (K)

Hg 4,1 1911 | (Lag Bay 1)Cu 52 1986
Pb 7,2 1913 | YBa,CuwsOr 95 1987
Nb 9,2 1930 | Bi,SrLCaCusO1q 110 | 1988
NbN 15,2 | 1950 | TI,BaCaCuw0O;q 125 | 1988
NbzSn 18,1 | 1954 | (Cu(,):CaBa0,TI,0, 131 | 1993
Nbs(Aip sGey s5) 20,0 | 1966 | HgB&CaCusOg.yx 133 | 1993
Nbs;Ga 20,3 | 1971 | HgBa&Ca&CusOg:5 155 | 199

Nb:Ge 23,2 | 1973 | Hgo Py Ba,CaCusOy 133 | 1994
BaLasCusO, 30-35| 1986 | HgBa,Ca,Cu;Os.x 164 | 1994

Ngoai caatic diém trén siéu &h con nling tinh clat khac nh:

Khéng c6 kim lai don héa ti ndo (tir Csd &p sit cao) co tinh siéu
dan,
Khong co kim lai sit tir nao c6 tinh siéum,
Khong co kim lai dat hiém nao (tir La) co tinh siéu ih,
Nhiét dung @a siéu én co plin déng gop éadién tir duéi dang ham e
y . C -2
mi voi SO mi ty 1€ vai — 1/T: —=746e T (15.72)
YTc
Nhiét do toi han aia cac cht siéu dn bien doi theo ktbi lugng dong .
Chang han Tc cua Hg bén doi tir 4,185-4,146K khi kéi lugng nguyén
tr trung binh M aa Hg bén doi tr 199,5-203,4ion vi nguyén & (hiéu
ungdong vi). Két qua thuc nghEm cho thy:
M*®.T. = const (15.73)

Dongdién siéu dn c6 khi nang truyén qua ndt lop chit cachdién mong
(“higutrng  duong Am” B.Josephson).

2 - Ly thuyét siéu dn:

Mot trong nhing tré ngai 16n han ché s phat trén cia cHit siéu dn 1a

cho dén nay ngoi van chra tim radugc oo ché chinh xacdé giai thich hién
tuong siéu dn, chic chia khoaié ché tao vat liéu siéu dn, dic biét la siéu dn
nhiét @6 cao.

Tuy nhiénda c6 nhtu cong trinh nghiénw ly thuyét vé co ché hién

tuong siéu dn kha di co the chap nhan duoc, $ trinh By dudi day.
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2.1 Giii thich vé siéu din nhiét dé thap:
a. Ly thuyét cap Cooper (BCS):

Ba nha \at ly nguoi M¥ 1a J.Bardeen, J.Schrieffer va L.Coopar dau
tién vao @m 1957d4 néu ra ly thudt cap dién tir (cap Coope) cho phép tu
dugc ban chit vi mé aia hién twong siéu @n. Ly thuyét nay dra trén quan gim
vé sy hit nhau dgia cacdién tr nhd tuong tac Wi cac phonon (dadong mang
tinh thé). Giira cacdién tir luén ©n tai luc day Couloumb, ric du kha@ng cach
lon, trong tac nay bsuy Y¥u mit cachdang ¥ do hiu tng chin boi cacdién
tar kh&c. Trong §t dan, cacdién tir ty do chugn dong trong toan mmng tinh tie,
tuong tac Wi cac ion drong & cac nat mng, “kéo” cac ion nayéch khsi nat
mang, &o ra cac dién tich drong dr’trong vét chuyén dong aia nd. Cac dién
tich drong dr’ nay dén lwot minh cé tl hat cacdién tir khac gn bén né (hinh
15.29) va nir vay lic nay trong §t dan co cac &p dién tr twong tac nhau thong
qua daaiong mang (Wra hat vra day nhau do bic xa va Hip thy phonon), cling
chuyén dong dréi tdc ding aia tir truong ngoai, tham gia vao ad dan dién
(hinh 15.30).

ke

g O Qg

KE

Hinh 15.30: Cgp dién tr Cooper

Hinh 15.29: C4c dién t chu;én twong tac thong qua phonon (tar X
déng,hat theo cac ionwbng ¢ cac 1on drong), cling chusn déng trong
ndt mung, 4o ra "d ién t diwong d”  Vat dan.

Theo thugt luong tir ¢ the dién dat hién twong siéu dn nhr sau: Khi
nhiét do ha thdp T<Tc trong \at liéu siéu dn n tai twong tac electron-
phonon-electrontrong dé phonon ladgng tr phat » do daodong mang tinh
thé, tao thanh @p electron c6 spin ngc chiéu nhau O nhiét o T>Tc cap ghep
doi bi tach ra. Nir vay ¢ diéu kién thich lop xem nlw trong siéu dn ton tai
mot loai hat méi cé khbi luong vadién tich dip d6i, spin ing 0. Chugn dong
cia hat méi nay Hu nhr khéng b tan »x boi daodong nhét cia mang tinh the
va cac nguyénittap chit, do Ay dién tro caa VAt liéu gan bang 0.

Dua vao thugt BCS c6 ti xacdinh duoc ning lweng twong tac gian
tiép “electron-phonon-electrondac trung cho & tao cip Cooper va chin doi
cuadién tr:
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. 2M,| nla)
" R ek -af o)

trongdé M, biéu thi cuong do twong tac electron-phonom(ﬁ) la nang hrong

(15.74)

cuadién tr ¢ trang thai k; hw(d) la ning lrong aia phonon. Mng rgng trong
tac @p nhr vay cé thé thay doi dang K sy phan b ning lrong aia dién tir o
nhiét d6 thdp. Trang thai kich thickiau tién @a cacdién tir trong k¢ cach tang
thai thip nhit bsi mot khe ning lweng Ey phu thuoc nhigt do va tir truong.
Khoang céach ¢a khe @ng lrong co6 tié thay doi va dugc dic treng boi dé dai

két hop: £ = 2V

=10™cm (15.75)
g
Néu & >>\ vat liéu 1a siéu én loai 1, v6i A lado xuyén sau.

Néu & << A vt liéu |a siéu @n loai 2 (xem hinh 15.31).

Sidu i kil 1w b o il
Bl n
L=k etk
B+ B, B, * B,
—h
Afx]
[ Alx]

o
Hinh 15.31: Sr bien doi cua tir truong B va thong dkhe ring keong 4(x) o
mdt phan cach €a vung siéu éh va vung binh thong doi voi siéu din logi 1
(hinh bén trai) va siéuah logi 2 (hinh bén péi)

bong thvi ly thuyét BCS ding cho bt moi quan I giira mat do trang
thai aiadién tir & mirc Fermi N(E) va nhét do6 Debye T véi nhiét do chuyen

N 1
ha siéu dn: T-=T.exp—— 15.76
: o I

& day W la ring lrong trong tacdién tir-mang; WN(E) << 1.
Ly thuyét BCSdaduoc thrc nghém xac nin.

b. Cac phwong trinh London:

Hai anh em cac nhavly nguoi bic J.London va B.Londoniiag xay
dung mot ly thuyet dé giai thich tinh siéu &h, d6 la cac plrong trinh London,
dua trén moé hinh hai @hlong do Gorter va Casimide xuéng. Theoday trong
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chat siéu dn co cacdién tir thong throng (kb tan > khi chuyén dong gay ra
dién trd), tao thanh cht long théng tirdng va caatién tr siéu dn (khong b tan
Xa), tao ra chit 1ong siéu dn. G OK moi dién tr tham gia vao cit long siéu dn

va cH codién tir siéu dn chuyén ti dién tich. Khi nhét d6 ting din 1én, ndt

phan dién tr “bay hoi” khoi chat 16ng siéu d@n, tao thanh cht 1ong binh tlrong.

Hai chit long cuing chy trong \at dan, thim théu 1An nhau. Khi T>T tit ca dién

tir siéu dn chuyén qua cht long binh throng, Vat dén hét tinh siéu én.

Phrong trinh thr nhat mé & tinh din dién khéng cadién tro cua siéu dn:

E:( mzjdﬁ (15.77)
nee

dt

\ . me s ) — mcC —
Phrong trinh thir hai mé & tinh nghch tr: H = > rotjs (15.78)
S
Céc phrong trinh London chra iang fir truong ngoai chco the xuyén
vao ndt [op mit ngoai ndng aia mdt chat siéu din loai 1, d6 xuyén thu o vai

o mC2 1/2
tram A , dugc cho Wi biéu thac: A :( 2} (15.79)
4mne

Khi pha tip vao kim lai c6 thé 1am ting 6 xuyén sau.

St dung cac plong trinh London con thduoc mot két qua quan tong
la sr luong tr hoa @a tir thong gri qua ot chat siéu dn. Tu thong qua rét
vong Xxuyen lam king siéu dn dit trong tr truong vudng goc & mit phang aia
vong khong phi thay doi lién tuc ma la I8 nguyén éa hrong:

P, =% = 41410"°Wb (15.80)
h
P, = n[—j (h=0123..) (15.81)

L

c. Ly thuyét nhiét déng hoc vé chuyén pha siéu din:

Néng lweng én dinh cua trang thai siéu &n ddi vai trang thai throng
chinh 1a h¢u nang lrong aia hai tang thai nay, cé thxacdinh bing phrong
phapdo nhiét dung hdc do tr. Xét trong hop xacdinh ning krong on dinh
bang phrong phapdo tr théng qua Kiu tng Meissner. Trong 4ng thai siéu
dan tir treong i tai bang 0, dodé ta co:

H
Hy+ 4BM =0 hay M =-—2
4

(15.82)

Khi dich chuyn mbt chét siéu dn tir xa vo cling & gan mot vi tri trong
tir trudng dza Mt nam cham inh aru, siéu dn co tte bi chuyén sang ting thai
thuong (hinh 15.32).
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Bang thrc nghém xacdinh ning lwong aia Vit & trang thai siéu &h
Us(0) va tang thai throng Uy(0) < tinh dugc mang hrong 6n dinh & OK (xem

hinh 15.33): AU = U, (0)-U4(0) = (é{jHﬁc (15.83)
Khi nhiét ¢6 T>0K phai xét nang hrong tir do F = U — TS cho haidng
thai.
Cac ly thuyt néu e
trén cho phép lam T e ’
sang 6 co che hién L"P - = ——r o
twong sSiéu dn smnjihf_u ——— S
nhiét d6 thap. Tuy R H,
nhién \6i cac chit L) S
siéu dn nhit do
cao, chi yéu la cac G
hop kim va hyp e
chit oxit gdm ma e e sldu di
hiéu ung ddng M E ”“’“"'_B'“;| —— T
khéng co gia frthi T ! " o Phathuing
cac ly thugt nay (b K=,
chua cé sc thuyét ™~

phuc. Diu vy
trong thrc t& siéu
dan nhiét do cao
van dang duoc
trién khai manh s
va ding c6 nhéu y trong

kham phéa ¢ ché ly thuyét F,
cia chung.

2.2 Giii thich tinh siéu din
nhiét d¢ cao:

- V& mit ciu truc,
cactinh thé siéu din nhiét
do cao dugc xem nlx cac
khoi perowskiteghép 4i (it =
nhét ba KkIi). ¥

- Nam 1964 nha = _ H.. -
Iy ngudi My W.Little gia VOFILRRE g,
dinh rang spi polime hatu cor Hinh 15.33: Sr phy thusc qia mit dé ning

Hinh 15.32:4nh heong aia tir trirong 18n chuyn pha
siéu din: a/ Chit siéu din ¢ xa, H<H¢, hiéu #ng
Meissner hoan toan. b/ Ghsiéu dn lai gan, Hi=H.
ton tzi hai trang thai

W3l lidu 0 frang shal shirang

Mat dd nang hrong tir do

co the da-}t dugc nhiét do TC lirong tr do aia vt liéu o trang théi throng
cao fon o kim loal. Ong gil 3 trgng thai siéu dn vao & truong ngoai é
thich ng trong si polime xacdinh ning leong én dinh aia hé)

cacdién tr din chuyén dong ,
doc theo s&i condién tr trung gian phandd cac mach bén va chungiag @o
thanh &p nhr trong siéu @n kim laai, khi d6 Tc S8 ty 1& nghich wi can bac hai
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ciia khbi lwvong dién tir, vi vay cd the dat gia ti rat cao, tim chi ti 300K. Tuy
nhién thrc & chua c6 minh cting nao ¢ cac i hoic bé @i polime siéu dn
nhiét @6 cao.

) - Nha \at ly nguoi Nga Ginzburgdé ngh co ché siéu din exiton voi
mau la mdt miéng kim laai mong kep chat gitra hai bp dién mai, nhrng chra
thuc hién dugc.

- M6t y tuong rira |a clé tao hydro kim lagi va cac bp kim aia no, co6
nhiét 46 Debye B~3000K, trong tng cé T-~100-300K. Nirng dieu kién che
tao va ko hru hydro kim lai 1a vo cung kho (pli nén drai p luc arc ky 16n).

- Tir 1986 ngroi ta dua ra o ché daodgng phi diéu hoa, tirc 1a a ché
daodong wi biéndo I6n cia céc ion rang tinh thé doi véi siéu din nhiét do
cao. Thic & cling ghi nfan c6 & giaodong phidiéu hoa manh &t ¢ cac lién
két co CuO chng han nhr La(Ba,Sr)Cu@ YBa&CwOy... Nhung dé giai thich
co che siéu dn van ar dung trong tacdién tr - phonon ma ngpi ta cho la
khong thich bp vi ¢ day khéng co Kiu itng déng M.

- Ngoai ra ngoi ta ding phat hén thay rang trong cac cit siéu dn co
fermion ring nhr mot & mudi va hpp chit c6 chia PF, ClO,...khong phai a
sy két d6i ma Iq g két thaljh by ba cua cacdién tir dan. biéu nay khong té
giai thichdugc bang ly thuyét BCS.

Chodi nay siéu @n van con nhéu diéu bian, moi mé déi véi con ngroi.
3 -Ung dung acia siéu din:

- Trugc hét la lam cac nam cham SiéAndco tr truong arc manh nhrng
lai c6 kich thrée, khoi qung nho, nhe, trdnhdugc hiéu trng nh'é:[ Jogle,duch ar
dung trong cac may giat¢ Tokamak, 40 mdi trong Plasmaié khong cle cac
phan trng nhét hach, t|’(;h tt duoc ning hrong tir tru:c‘mg:réi 600 tricu J nhy d@
tao ra nhét 36 plasmaién 200 tréu d6. Nam cham Siéuath ding dugc (;Iﬂngdé
ché tao cacdong ar dién, may phattién céng sat cuc cao, c6 th dat den hang
tram megawatt. Nha magién siéu’dn qr dung cac nam cham siéardco tr
truong arc manh, co thk cé cong sét toi 20 ty watt (nha may tiong ch dat 1
ty watt).

- Cac cign day siéu &h lap trén cac con tau siédct chay tréndém ti
khong khi, tac dng nang cac corat ning hang &m tan lén kki duong ray va
kéo né chy véi van toc arc nhanh, & 400-500 km/h (gi la cac "tu hoa bay").

- Van dung hiéu ing B.Josephsodé ché tao céc thét bi, dung a1 giao
thoa rong tr siéu dn (SQUID) cbddd chinh xacdo nhay rat cao, co th phat
hi¢n nhitng tir truong arc nho phat ra tim, nao ngai... Bong thoi ciing o tie
sir dung hiéu tng nays siéu dn dé cheé cac I nho va b vi sit ly trong céac thit
bi dién toan §.

- Sir dung gom siéu dn nhigt 4 cao lam cac tht b trung gian va cac
bd cam bien I6p mong dung cho quanysy hoc va nghiénta vi try.

- Rét nhiéu cac d &n khaatangduoc trién khai thrc hién nhu:

~ + Dung dong siéuah khong &t dé dy trir ngwn nang hrong dign
khong 16 khdng @ bi ton hao.
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+ Truyeén tai dién bing day cap siéuath duéi mat dat, ting higu siit téi
99,8%,dangduoc thr nghém ¢ My, Nhat, Nga.

+ Sir dung cac day trign din siéu dn trong may tinh, tit bi thdng tin
lién lac ting ¢ d6 cuc nhanh, chinh xac va trungath..

, Tiém ning rng ding aia siéu dn & vo clngdng lsn va quan tng, €
dwadén nhing thayddi [6n lao va héu qua trong khoa bc ky thuat, kinh € va
doi song xa tpi. Nhat la mot khi tim ra siéu ah sr dung ¢ nhiét do phong thi
khong ti¢ luong ket dugc vai tro @a siéu én to lsn dén mac nao.



