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Nhitng du doan 1y thuyét vé dién tré
cua kim loai ¢ nhiét d¢ thap
¢ dau th& ky 20

Kelvin (1824-1907):

Electron bi dong cing
va dién tro ting lén

b
« LORD KELVIN
- (1902)

R Ry MATTHIESSEN ™ — _
Dy dodn eiia = (1864) -V
i R

p=T
Lao déng ma.
Dy dodn c[‘la\ h
Matthiesen f
\ . .
\ Kim Joai
H 5

y 5 o« N p = constant
Dy dodn ofa DEwaAR tinff khiét i
Deway’
A" (1904) _.
S NEW -7 e s N dg phong -
Mng Mng — }
0

Nhiét do
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Heike Kamerlingh Onnes

(1853-1926)
Pién tré giam xudng 0

e 1908 — hoda long helium (~4 K)

e 1911- nghién cttu dién trG cua Hg 6 nhiét dd
thap va phdt hién hién tugng siéu dan

e 1913 — gidi thudng Nobel vé Vatly
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Su dan dién hoan hio
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(“Tu do dac d&n kién thic”)
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R(T) ¢ nhiét Ao thap

Thyc nghiém
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Siéu dan c6 3 thong so t6i han :

p J
o Nhi€t d6 tG1 han, T,
o Tu trudng t61 han, H, o L H.TS)
o Mat do dong tG1 han, J..
T H(H,T.,]=0)

Mudn & trong trang thdi siéu dan
khong dugc vuot qua 3 gioi han do

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chat siéu dan 12 mot chat dan dién hoan hdo : dién trd cia nd
thuc t€ bdang 0 ( chit khong phdi rat nho ). Ngay véi cac phép
do chinh x4c nhat cling khong thé phdt hién dién tr§ du trong
chit siéu dan.

Mot khi c6 dong chay trong trong vong diy siéu dan kin, dong
dién dudc duy tri chirng nao diy con dudgc gitt & nhiét do thap.
Dong dién dirng chay trong diy ma khong bi mat mat do dién
tré dudc goi la dong du ( persistent current).

Ngudi ta dd quan sdt dugc cdc dong du duy tri trong nhi€u nim
ma khong hé gidm cirong do.

Tinh todn ly thuy€&t cho thay thdi gian gidm vao khodng

7
104.10 nam !
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Dong du trong vong c6 thé xudt hién bing cdch ha nhiét do
trong tU truéGng ngoai.

Ha nhiét do T<T, . Ngit
tlf trudng, trong vong xuat
hién dong cam ng ( dong
siéu dan ). Dong du ndy
c6 thé ton tai vo cling lau.

Ditvong diy situdin§ T
> T, trong tir truGng ngoai

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Hiéu iwng Meissner

® 1933 — Walther Meissner
va Robert Ochsenfeld

® T<T,. tu trudng ngoai
hoan toan bi day ra khéi tu
phan trong cta chit siéu din
do sy xuat hién cia cdc dong
bé mit

® Chat siéu dan la chat
nghich tr 1y tuong y = -1

Cédc dong I xult hién triét tiéu B.
I x B trén chat SD tao ra luc day.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

| B I B |

&y

F v

Hiéu wng Meissner

e T trudng manh c6 thé pha
huy trang théi si€u dan

Y

LA B A A | wL
i
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Nam cham

Chat siéu dan

F

= ™

TOSANOUMI
|-I'|I|l'wl e
Boigiriel Towoemsk 0w | |
| Weigh o osanem M2l il
kg of s kg
Tulal wnight @

Pit nam chAm 1én mot chit c6 tinh siéu
din. Ha nhiét dd T < Tc nam cham bi diy
va Io Iing trén chat si€u dan.

Hki cho nhiét d0 ting, mau mat tinh siéu
dan va nam chidm rdi xudng
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e Hai loai chat siéu dan :

LoaiI ( cic chat din dién mém )
: kim loai thuan

= Pudc phit hién dau tién va can
nhiét do rat thip d€ trd thanh siéu
dan

= C4c chatsiéu dan loaiI ton tai
dudi 2 trang thai : binh thuGng va
siéu din

= C4c chat si€u dan phu thudc nhiét
do

= Céc chatsiéu danla cdc chat
nghich tir 1y tudng.

» Nhitng chat din dién tOt nhat
(cu,Ag,Au) khong c6 tinh siéu dan

CuuDuongThanCong.com

Kim loa1
khong si€u

dan N\

=i
Chat siéu dan

0K T& Nnietdo

e Chat dan dién binh thudng :
p=p, 6 T=0K

e (C4cchitsiéu dan:
p=06T<Tc

(trang thdi siéu dan)

https://fb.com/tailieudientucntt
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Chat siéu dan loai I

Hai diéu kién: = Trang thdi siéu dan
1. Piéntrd =0 <1,
2. Hiéu ing Meissner - H<H,

Trang th4i siéu dan

uongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Nhiét do tGi han T, cia mdt s6 chat siéu dan.

Nguyénté T.(K)

Nhom 1,19
Kém 0,546
Gallium 1,09
Niobium 9,46

Indium 3,40
Thiéc 3,722
Osmium 0,66
Tungsten 0,012
Hg 4,153

Chi 7,18
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Nhiét d§ toi han T, ( Kelvin )
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Nhiét do téi han cia cdc chat siéu dan

10

] l | | | ] I *
1910 1920 1930 1940 1950 1960 1970 1880 time

C4c chat siéu dan truyén thong
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Tu trudng téi han cua cdc chat siéu

dan
Tu trudng manh nhat ma mot chat con duy tri dugc tinh siéu dan
dugc goi la tiw truong tdi han B...

Cudng do cua ti trudng t6i han 1a mot ham cua nhiét do. B,
cuc dai O K.

200

(.14

T,(Pb)=7.2K

(.08 Bh

600 -

Hc(Gauss)

(.06 =

300 -

0.2 T (ln)=3.4K

Iﬂ\l
002
oL L

T truong téi han B, (Tesla)
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Cudng do tir truong téi han B, (6 0 K)
ctia 1 sO chat siéu din loai L.

Chitsieu B0), T

dan

Al 0,0105
Hg 0,0411
In 0,0281
Pb 0,0803
Sn 0,0305

/n 0,0054
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Tuong quan gitra to truong téi han B_va T,

1 | | I ]
1 - -
v
101 La ™ Te _
TI- " Pt
F
“I
B Rem mT
8 107 Os, Ru, Hn.-.-fl_.i.l -
¢ il R P
(T) - Er.'l
102 Ir _
'.lﬂ"" B W Th |
%= W -
10 ah
[ |
[ | 1 ] 1 i
1077 10 107! 1 10
T, K)

B.(0)~0.01T.
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Mat do dong téi han cta cac chat siéu dan

T trudng téi han cé thé dude tao ra bdi dong chay
trong cac mach ngoai hoic bdi dong chay trong chinh
chat siéu dan.

) Mot chat siéu din chi cé thé tdi mot dong t6i da
nhit dinh ndo d6. Po 16n cia dong t6i han nay phu
thudc khong nhitng vao do 16n cua tir trudng t6i han ma
con vao dang hinh hoc cda vat dan.
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Hai loai chat siéu dan :

— Loai II (céc chat dan cing)
e Phat hi€n hang chuc nam sau loai L.
 Thudng 1a hgp kim.

e Khic v6i loai I trong chit siéu dan loai II sy
chuyén tir trang thdi binh thudng sang siéu din xay
ra tu tu.

e CO hai trudng t61 han B, & B,,.
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Hop kim cho phép tir trudng xuyén vao modt phan néu tir
trudng cé cudng dd trung binh va s& mAt tinh siéu dan
va cho tr truéng xam nhap vao hoan toan khi to truGng
du manbh.

Hogp kim c¢6 2 gid tri t6i han : ¢ gid tri B,,, cdm Ung tu
bit dau xuyén vao va § gid tri B_, hgp kim cho tir trudng
xuyén vao hoan toan va mat tinh si€u dan.

Vi du, & nhiét d6 4,2 K, hgp kim niobium-thi€c Nb,Sn ¢6
cacglatritérthan B, =0,019 Tva B_,=22T.
Cdc chit siéu dan cho phép ti trudng xAm nhip

mot phan khi dua vao t trudng cé cudng do trung gian
dudc goi 1a cdc chdt siéu dan loai II.
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Trong tif trudng trung binh, chat si€u dan loai II § trong trang th4i
hon hgp : khoi vat liéu 1a siéu dan nhung bi xau bdi cdc sgi rat
manh 13 chat dan thong thudng.

T trudf ng

11 r »f

Ll ||y 2

i Mot midn khdng |-~ dong |
e o mrédng ¢ zody |
= 4 |

AN A N

Cac day nay dinh huéng song song vd4i tu Siéu dong
trudng ngoai va chdng co tdc dung dan
cac dudng suc tu.

Mot dong chay quanh chu vi cda mdi
day; dong nay chian khdi si€u dan khoi tir
trudng trong day. Su chay cua dong nay
mang dic di€m xody. Do d6, cdc day
dudgc goi 1a cdc ong xody ( vortex ).
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Trudng t6i han trong siéu dan loai II

Truéng
t6i han
trén

Truong
t6i han
dudi

H Hiéu wng Meissner khong day du
Ht:}':
Trang
thai binh
thudng
H.j

T T
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Ong xo4y (vortex) trong chat siéu din

= C6 161 duge bao quanh bdi cdc dong si€u dan
(supercurrent)
= Bén trong 101 : c4c electron binh thuGng

= Ngoaild1: cac electron si€u dan ( cac cap Cooper )

H

Yortex
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Mang cac duong xoay Abrikosov

e 1953 — Mang cac dudng xoay
Abrikosov : cdc 6ng xody sip
x&p tO1 vu trong mién xody
theo mang tam giac

e 2003 — Gidi Nobel vé Vatly

© AT&T, 1995
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Mang cac duong xoay Abrikosov
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First image of Vortex lattice, 1967

Bitter Decoration
Pb-4at%]ln rod, 1.1K, 195G
U. Essmann and H. Trauble

Hién vi dién tir (x 8300)

CuuDuongThanCong.com

Vortices in MgB2, 2002
Scanning Tunnel Spectroscopy

MgB2 crystal, 2K, 2000G
M. R. Eskildsen et al.
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Hiéu uwng Meissner

Binh thudng

H
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Su tif héa cac chat siéu dan

Kim loai
binh thudng

A
B | Thuantu
B>H.

o
Il
I

L B |

&y

.
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-
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Y 1

“““““““ Nghich tu
""""" B<H

Y

> H

Siéu dan loai I

[=+]
o

Tt Yy vyvy ‘L

> H
B=0 ¢ B=H
Meissner binh thudng
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Siéu dan loai I

A B=H
B /
> H
B=0 ¢ B=H
Meissner  binh thudng
4nM H

v
L

Meissner  Binh thudng
4iM=-H M=0

CuuDuongThanCong.com
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Gian do Pha

H.(T) Kim loai
binh thuGng

Kim loai
binh thuGng
TrThai hdn hdp

Hc1 (T)

TrThai Meissner

CuuDuongThanCong.com
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Ly thuyét vé hién tugng siéu dan
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Hiéu ing dong vi (1950)
Trong qué trinh di tim 1y thuyé&t d€ gidi thich cd ché€ siéu din,
bing thuc nghiém ngudi ta phat hién ra rang : nhiét do t6i han
cia mot chit si€u dan phu thudc vao khoi lugng ciia cdc ion cla
mang .

Né&u thay cdc nguyén ti bdi cdc nguyén tf ning hon ( thay cédc
dong vi bing cdc dong vi ning hon) thi nhiét do t6i han hdi gidm
xuong.

Tc phu thudc vao khoi lugng clia nguyén ti
|
T. cc —
NA Y|

Tong quéit hon

T.M? = const
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Dong vi

D06 phong phu tu
(atom %)
0.15
9.97
16.87
23.10
13.18
29.86
6.87

CuuDuongThanCong.com

T, (K)
4.18 ’,
198
= E. Maxwell ‘,’ Heg
4.17 m C. A. Reynolds et al. f-f
/
4.16 J" Hg!#7
-j" {ls}m.ﬁ
/
4.15 H-ﬂ- Hg?®7
/
4.14 /
/
,p"f
4.13 ’
f-
; Him.‘ 1
4. 2 [ I | | I 1 I
! 0.0700 0.0704 0.0708

0.0712 N
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Hiéu wng dong vi trong cac chit siéu dan

Cac gia tri thuc nghiém cua o trong M*T, = const
( M - khdi lugng cia dong vi )

Chit o Ché't o
fn (45 £ 05 En O £ 005
¢ (.32 = 007 Crs .15 = (.05
Sn 0.47 £+ 0.02 Mo 1..33
He 0. 50 = .01 Nhisa AR = 0,02
Fh 0 450 = 4 [ r AN =+ (0

EE)  Mang c6 vai tro quan trong

Phonon tham gia vao qua trinh siéu dan

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Nhiét dung

Gidn doan G T,

LN I I A T R R B B N B B
15— Gallium "l
— o B, =200 G |
. B, =0 ¢F !
- T,
| | |
T ﬁf | - C,(T)=+T
Eﬂ 10— -l | I ]
'_E - - I : CF(T): AT 3/2p % /kT
: —0=TR
E h — —
/é{s. - C/T = 0.506 + 0.0568 T2 — ACV T=T. B CS Cn
e ' =
Su phu thudéc T .
; ; . - g | _
theohAm md |- ® ] const. 1,
ﬂj I N I N TN N TN NN NN M B B |
—_ ] 0.5 1.0 1.5
Coe /E:T TS K

fa Phillips & Kittel

Chitng t6 ¢6 ving cdm ndng lugng !
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Su lugng tu
héa cua T
thong

Sau khi thoi @it tir trudng ngoai lén vong xuyén siéu dan tir
thong bi bat ( do dong persistent ) bi lugng t hoda

d):"’%:”‘bu. (I)D:£:2.07><10‘15Tm 1 i 2—1-';.;!__
ne N \ i
Lugng tu tir thong “ﬂr:’T_m of----—-==- --;r.-.r"--_--__,
Mot dau moi ! e
N ! B I:IS'E'TII |

Bing chitng thuc nghiém vé su lugng i

: hda clia tir thong trong vong xuyén siéu dan
“Fluxoids” (1961) S HONS YOns M

Deaver & Fairbank, Doll & Nabauer 196
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Ly thuyé&t siéu dan

®. hién tuong ludn
. * F & H. London (1935)
. * Ginzburg & Landau (1950)

®.ugng tu :

. * Frohlich (1950)

. * Bardeen, Cooper & Schrietfer (BCS)
(1957) — Giai thudng Nobel
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Ly thuyé&t vé hién tugng siéu dan

Vitaly L. Ginzburg

* Nhitng nim 1930 — m6 hinh lugng tir khdong giai
thich dugc hién tugng siéu dan

= 1950 — 1y thuyét hién tugng ludn ctia Vitaly
Ginzburg va Lev Landau

¢ phuong trinh Ginzburg-Landau
«» mo t4 siéu din gan nhiét do tGi han T,
= 2003 — Ginzburg dudc giai thudng Nobel vé Vit ly
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Ly thuyét BCS

BCS = John Bardeen,
Leon Cooper va Robert
Schrieffer

1957 — giai thich tai sao

xudt hién hién tugng siéu ©o © © o
dan
Ciap Cooper = su két cap © © o o

cua cac electrons
1972 — gidi thuong Nobel
ve Vit ly

O o O O

O O O O

http:/ /superconductors.org

https://fb.com/tailieudientucntt
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Trang thdi dan dién binh thudng Trang thai si¢u dan

Nguyén tit f Hmrm

trong mang TT

1. Electron #1 1am bién dang mang (ion duong ) khi chuyén ddng qua né

2. Electron #2 bi hiit bdi mang bi bién dang néu lyc hit 16n hon luc day
tinh di€n --> cdp electron dugc tao thanh.

3. C4c cip (cip Cooper) c6 khodng cdch c6 thé 1én dén pm.

4. Ning luong lién két clia cip Cooper ~1 mV, chi ¢ thé & nhiét do
thap.

5. Sy hut giita cac electron k€t ddi phu thudc vao khoi lugng cia ion.

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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® .+ C4c cip Cooper la cdc bosons --> tat cd cdc cip
Cooper déu c6 thé & trong ciing trang thdi ning luong
( su ngung tu Bose-Einstein )

® mot cdp Cooper ¢é ning lugng nhd hon niang
lugng cua 2 electron riéng biét

® Trong mot cap Cooper , spin cua electron (+1/2
hoic —1/2 ) triét tiéu va spin tdng cong bing 0

® Titcd cdc cip Cooper déu & trang thdi cd ban

® C4c cip Cooper dugc mo td bdi mot ham song két
hgp mG rong ra toan hé

® « mudn thay doi xung luong clia mot cip phdi thay
ddi xung lugng clia tit cd cdc cip ( Cac va cham chi
c6 thé dnh hudng dén toan hé cla cic cip ), mot su
thay d6i nhu vay cin cé ning luong 16n.
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= C4c chatdan dién tot (Cu) c6 bién dd dao dong mang
nhd -2 néntan xa electron-mang it

- Bién do dao ddng nhd han ché su tao thanh
cap Cooper

* C4cchatdan dién kém (Hg, thi€c, chi) ¢4 bién do
dao dong mang IGn

- va cham electron -mang x4y ra nhi€u
. - thudn 1di cho viéc tao cdp
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Kim loai binh thuo'ng

Electron c6 di€n tich -e

Su tan xa cac electron tao
nén dién trg

Dong dién tao ra dién thé
- gAy nén sy mat mat
nang lugng

Siéu din : LT BCS

Cap Cooper co di€n tich —2e

Cac cap Cooper tai si€u
dong khong gip can tré

Si1€u dong khong tao ra
dién th€ = khong gy nén
sy mat mat ning lugng
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Vung cAm siéu dan

e Trong trang th4i binh thudng bat ky su thay ddi ning lugng
nao cling 1am cho cic electron chuyén Ién trang thdi kich thich
( cdc muc trong ).

e Trong trang thdi si€u dan, ning lugng cla céc trang thdi bi
chi€m gidm do su hinh thanh cédc cip Cooper --> xuat hién
khodng cdm ning lugng E,.

E t Dan dién binh thudng Siéu dan
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s E

Vung cAm siéu dan

Su giam nang lugng
]am xudt hién viing
cam do tuong tic ctia 2
electron ¢O spin ngugc
nhau tao thanh cap
Cooper.

E,=2A
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P rong vung cam siéu dan

M b .
~ T oy e
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3.9kT, (meV)

Do rong viung cAm va T, ¢é lién quan vGi nhau
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Vai két qua cua Ly thuyét BCS

Ning luwgng lién két cua cap Cooper
1
F-Np

A = 2nmpe

n®p = kT, ndng lugng phonon Debye

F thé hiéu dung
Nr mat do trang thai Fermi

Kich thudc cua cip Cooper 100 nm
Hing s6 mang 0,1 - 0,4 nm
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Vai két qua cua Ly thuyét BCS

Do rong viung cAm va T, ¢6 lién quan véi nhau

A(OK)~1,76 - kT,

T2
A(T)~1,74- A(OK)[I = —]

Tu truong téi han

H,(T)=H_(0K) 1- a(

T

T

C

:

ala 1 hing sO ctia chdt SD
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Vai két qua cua Ly thuyét BCS

1.1

; RN

— LT BCS .
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Ly thuyét BCS khong ding vSi vat li€u siéu dan gdm
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Vung cim

Nhiét dung Lo
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Cac chat siéu dan nhiét do cao

J. Georg Bednorz K. Alexander Muller
Nim 1986, Bednorz va Muller phat hién si€u dan
trong Las.xBayCus0s5(3-y)

LasxBaxCus053-y) v61 x = 0,75 ¢6 T ~30K, trong trang thai binh
thudng 1a chat dan dién kém
Hop chat chinh LaCuO2 1a chat cach dién !

Giai thuéng Nobel vé Vat 1y 1987
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Cac chat siéu dan nhiét do cao

(La, gsBa ;5)Cu0,
YBa,Cu;0,
Bi,Sr,CaCu,Og
Bi,Sr,Ca,Cu;0,,
Tl,Ba,Ca,Cu;0,,

Hg, sTly.,Ba,Ca,Cu;04 33

“ Bi,Sr,CaCu,Oq

® Cu

O 0
Sr

® i
.Ca

Lép kép CuO,
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= C4c chat siéu dan nhiét dd cao c6 cau tric 16p.
» O T>Tc, cdc vatliéu ndy ¢6 tinh ban din rat dj hudng.
» M6t s6 nhém siéu dan T cao di€n hinh :

* yttrium-barium-copper-oxide (ky hieu YBCO),

* bismuth-strontium-calcium-copper oxide (ky hi€u
BSCCO),

* thallium-barium-calcium-copper-oxide (ky hi€u
TBCCO).

= Chit siéu dan c6 chita Hg dat nhiét do t6i han cao nhat
Tc ~ 160 K.

= Vatliéu c6 Tc cao nhat thudng 12 loai p.
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140 - HeTIBaCuO 1995 138 K
HegBaCaCuO 1993

120 - TIBaCaCuQO 1988
BiSrCaCuO 1988

. YBa,Cu.0, 1987
804  Ni-td long

i i e i s e i i

20 A
Hé li
16ng™ 0~

T T T I ! I ! | ! | !
1900 1920 1940 1960 1980 2000

Chat siéu dan HgBa,Ca,Cu,0,,, dat nhiét do t6i han cao
Tc =164 K
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:’ Critical Temperatures of Some Superconducting Materials.

Materials T. [K] Remarks

Tungsten 0.01 —

Mercury 4.15 H.K. Onnes (1911)

Sulfur-based organic 8 S.S.P. Parkin et al. (1983)
superconductor

NbsSn and Nb-Ti 9 Bell Labs (1961), Type 11

V3Si 17.1 J.K. Hulm (1953)

Nb;Ge g (1973)

La-Ba—Cu-O 40 Bednorz and Miiller (1986)

YBa,Cu3;O;_,* 92 Wu, Chu, and others (1987)

RBa;Cu;07_,* ~92 R = Gd, Dy, Ho, Er, Tm, Yb, Lu

BigSTzCﬂgCU301@+(s 113 Maeda et al. (1988)

Tl,CaBa; Cuy Oy 125 Hermann et al. (1988)

HgBa,;Ca;Cu3Og s 134 R. Ott et al. (1995)

*The designation ““1-2-3 compound” refers to the molar ratios of rare earth to alkaline earth to
copper. (See chemical formula.)
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TAt cd cédc chit siéu dan nhiét dd cao déu thudc loai II

Bednorz & Muller

140 - E'hrmmw L
HgBail sl 5ial

120 - TIBaC ) | S1en (]ﬁl'l T cao

I :a.-a.f_.éxn |
71004

Sién dan T thap
Ly thuvét BCS

| ¥ LS 1 L T L 1
18C0 ‘I‘EIE'IIIl 'Iﬂd-l} 1360 1980 2000

Cd ché siéu dan trong cic chit si€u dan nhiét do cao
khdc v6i chat siéu dan nhiét do thap.
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Cac chat siéu dan nhiét do cao

e C6 kha ning ¢ng dung thuc t€
— T, cao hon
— H_,16n hon
e« Dé lam lanh:
He (4,22 K): $5/1it
N (77,36 K): 10¢/l1t

stra tuct : 66¢/1it
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Ung dung : Van tai

-
—

Tau chay trén dém tu :
tau Maglev

Vian toc c¢6 thé 1én dén 500 km/gid ,
cic tdu maglev sé 1a phuong tién ndi
li€n cdc thanh phd cdch nhau hon
1000 km trong tuong lai gan.

May bay thuong mai Boeing-777 dung

Tau Yamanashi MLX01MagLev cl}o cdc chuyén bay dudng dai cé vin
toc khoang 905 km/ gid .
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Cuén diy hudng dén thanh
¥a ning
Cudn ddy a4y

Pudng chay nim giita hai thinh c6 1ip lién ti€p cdc cudn diy thang ditng. C4c cudn
day nay khong phdi dy si€u dan.

Khi tau di qua mdi cudn diy, chuyén dong clda cdc nam chim siéu din trén tiu cdm
ttng dong dién trong cac cudn day lam cho ching trd thanh cdc nam cham dién.

Cé4c nam cham trén con tau va trén cdc thanh tao luc nang (tau cdch dudng dan 1-10
cm ) va giif cho tau & gitta tim duGng.
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Ung dung : Y t&

MRI (Magnetic Resonance Imaging) cho cac hinh anh chi
ti€t vé cdc md mém.

Cédc cudn diy nam chim siéu din tao ra tif trudng manh va
ddng nhat trong co thé clia bénh nhan.
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Ung dung : Tai dién

Cach dién

Siéu dan
Ndo cao

Cép tai dién siéu dan 1am lanh bing nito 16ng.
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