)
.

P
INTERNATIONAL ATOMIC ENERGY AGRNOY H“["“E"‘
UNITED NATIONS EDUCATIONAL, BOIENTIFIC AND CULTURAL ORGANIZATION

¢ INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

384100 TRIESTE (ITALY) - P.O.B, B86 - MIRAMAKE - STRADA COSTIERA 11 - TELEPHONES : 2:24281/2/38/4/3/¢
CABLE: CENTRATOM - TELEX 480302 [

SMR/94- 20

SPRING COLLEGE ON AMORPHOUS SOLIDS
AND M™E LIQUID STATE

14 April - 18 June 1982

PAIR POTENTIALS IN AMORPHOUS METALLIC ALLOYS:
ORDER, STABILITY AND DYNAMICS
Lecture IV

J. HAFNER

Inat, fUr Theoretische Physik
Technische Universitit Wien
Karlsplatz 13

A-1040 Wien

Ausiria

These are preliminary lecture notes, intended only for distribution to participants.
Misging or extra copies are available from Room 213G,







SEYOND HARD IPHERES

ay 3&{4-- rep Wl s PoM"&.ﬁo

Funztouwat fa.foa-wuh su AR(R)

'FO ?f e d\"?—"_:[:((:;j Ag(ﬂ\d}u"",.-,.
- ~Wenh g (wea) °
| Werhe = Cluaaschlan ~ ke armcun Owo»a U pvm)c
Vim)e Vi(®) 4V () 0FLE . 4wy ) . dute 3 ?)
‘ y(R)r ( )
Lt | e n P, 4."-,: Ye-(2) Aimd’g. + .-
Quuae R ) . o~
Va cuoore € Ao Auat .ﬂ
. " GudiWou for A—ﬂ-r-d\og Lasal ~ corna o wsaton,
Vel(®) = V(R) + Vi R Ruvw  mpudrue S‘ir@) A ¢ ()R =
V(D)= V() R> R Mol -ﬁV.(Q) ~6Vey
s Voura R SR l] @ * Sa-(n)[ Jte g
-fw(a)
Monnger etion (R)a > -csv.tn) -N/c
f f ~RV(R) —AVe §(®- g.-(ﬂ)-wrl'?-)[e- ]
Af(R) = £, (R) -2, (R)s @

A

C° Matic Arasive {e-dm,



S(’J "‘ ‘e - ;::
il °° ~ P4 (G-B)
4
|
|-
Sq) 3

1 1 L i

° T 9tauy

K vssara, v oli veg +Evans 33

¥ Ao tove po tekiot,
Dane Meiu ~ R oune nefatiove
AR)> < (R) +n (30 c(R-8") 4 (2"
+ RPA for athioative pont

ciR) » ¢ (a) R¢e ()
s Cq (/) "'¢(Q) Ry¢ C&(Q)! -bV..(R)
RPA:

OB i o irXe g(ﬁ.) fo R <o
Reguira : g(R) » © R ¢ o
defrun v s(Q\:—-: 3. (") + e() (x»)

Rt (#) o (» ) ru ?'wu-lamfa\mtd
02~ neloxth ons §
£ ). Sy 4 i) Legy
Eeg)e Eucg)+P(e) 4
3(0)- $- 1)+ Lee)
Clgye _Se(2) Bl2) S. (o)
1- wS (2) (o) .
(nowse wuten: 8.~ (1-w&)
> A4y ﬁ. )

hdqv.nla.cmt.‘vu {.g <




Variatoual #olutiou:
J-&{.‘ua !
L) - a;—)r;“ [d’g% n S.(¢) *%( 1)+
2al4-w So) B}y

33 " T oy °W@
ERLE | _. e(ry =
B Yl ) » o K6
o PA
H3A
F-R - .‘;-'_.' s ga’zv.&)g.m) - £ Fd(r)]
frae el v K

o ,p..u. rarangy R 2 M‘ow&h‘ untl D ] At
Ao Mia oprs wud pedk pobudtiat P (R)

g

. .
o
24
W O HCE
2
LT ]
2
0 2,
o

e

. - .
APy ory ~ urelt %u‘c‘




CONCENTRATION - FLUC TUAT oS

8 (q9)
o A s%0 K
a} i
o
- ]
. °° " ; A : ' ‘A oa — : s l
'ztzu-t'd gd ( l-gmwu dd‘) Fig.12hd 2 S(a) and a2 pc(n) of fiquid 1:81 Na3D
s{q) —— exparimental awed pec (1)
! —---H8 (py) *2 .
1.8 = ]
—_— R P
- ee Exwwwh'l “ . i i . 'S q -2- ’
Ste) a 1 4 g o n ) 2
Fig. 2 and & 8{a} and 4w r2p.{¢) of liquil 1ig2.Ca3B
8(q). o 8(a) q ‘
' - \,L;&é
. . solid, — sulid
=== liquid - Hquid
L ]
r :_ % x.g b JRE a— lg-‘ 02 4 l"l
1( ) Fig.5 8(q)e?t LI70 Mg30 Flg. 8 S(g)uf litis Ag43

— B0 Li .20 | 247]
we—72L0 28 A

0 4

Fig. 9 4my cc‘" of L/Pb,Ag

._9..



3 123
S 6
d il
o it T A ~
o ' - IE
A .
4 > ofdd—\ ﬂ
Sl < 4 T
-r g_ -iE
, 5]
S O H.NL'
- o P (Sl |
| A M 120 at-Al
\ 3 Al-Al
) -5
/
= - =B
1 . . é'ﬁ%lkl_l!lr'lt?u]'
~ o “ T .




)

- ; |MI
I
L _o - IN.I
| .
- A | 1l=
! I :
51 o\ oy ooy |0
. TN@ZUU 3.00L=1 o>
(€))
B _ ° .._Nl w,
£ i o =
L I . o[-
N €
L ] 7 o)
¥ /n,mzcu\ ] :aoo =
iﬁqﬂ : 1 15000 3.00871 ,.W\
..a.!‘d.s.r. ¢ ) . + F 4 .
e [ A 1-T7. e ™K -
L | _n |
fi ¢A L ,. L .D
T Bm \ ¥ | T B ] a’
v 7 v
ﬂ 1 “Bmen 2,088=L : 2006=L ||
}
a
P
(b
o}
£9°0=% 0z- - 0 6
90 Si- 0 0 4
ol-0 0 @ o
S0- 0 Qg P
g 0 0 2
O 0 0 9
00 0 0 ©
nvm #Am vvm

% /(by2og

4=




T (°C)

- THEORY ]
8000 :
600} :

EXPERIMENT
800 o 1
600+ .
Ca

1y

AMOR PHOUS NMETALLIC ALLOVYS
- HETALLIC GLASSES
Trusiou watals - pate lioidy
Pd-S:, Fe-B, Ni-P
Taouanm Wou ssuefods = Aouwun bsuw smatots
Gu-3v | N -Nb
Do o - uantaly ~ Loustlasnoles
9el-Go , Te ~-Fe ,Au- (a
Ruaple - uetods - o touw putel
Ga-N7, be -Ti
ﬂ‘u‘dl.-uuhk ~ Lo Jooussoles
: A-La, 8&-!&
| Furgle-uetnte ~ mucple suatole
. -, Gu- Mg, oA Ga- G, Sr-de
1 Frusple watets =  sste Llo (o |
ll R6-0, C3-0

-‘]H‘



Zn

(a)

LNON  —
«IN GN, —»
- .
I”
>
’/
’l
’ ' g
’.-_-_g-,f--“l— q £
S 8
o] <
— p—
kY ]
\\ I
' 1
LY
N i
\..~ ]
~
~
)u
/7
7/
s

ey e

Ni

(d)

Nb

Ti

{c)

Ca

Be



PE@)s - o v VG -R5)
g%
3(5:;+f§.,')= 3[84)4-(‘6-5?;-&')5(5})
F rf,--ufis) Y
—-FR) . 68 PR,y —~ £ V.,
~ ﬂv'" a)’"{‘fif

= ABSTIEG ENTLANG bEs STEILS

AUF DeQ ENERGIE -HYPER FLA
GURATIONS KAUM

TEN GRADIENTEN
CHE 1M kKoN 1.

M (u3 B 12
| :
0.20 - /\\/\ = -0
J
015+ 12
010k | i
015 ~ ’“}\/\ S 0
0.10f e
005; .
x5 i
2
006} va"‘v 0
T 2
009t -4
002F [+ ]
: ‘ \'WW\-W
ol—d 1, . ]
0 5 10 15 riA)
Mg g0 aq

1

vZn*Zn{r)



CQ";'. ﬂs. 23




Q(x?bg;w-u- Thonsy ( Cunter - Ralaiscatvou , T=0 K)
Coutvu . Four) elanht warabiun soa e
(noows feam yo\.MwS

Repatug,

= g

L m -

m Wﬁ
0.0 4 8

0.0 a(Ah

YT




Q"fcmﬁo Q’&WM fhw
W pobunisitiiou kmjwﬂm.ol"n—y&nu;

M(MR cotmla WCA -
W'Cb.u; . Cvcﬁuo{.um b

ﬂy\.&b&b\m‘h ,exf_u..\d [Tevy .70
L Mistaonontn ool cudt R-E voins | P‘-uaka g ¢1r (47
HMMMWMO.M :ze,l sIGE
H.&Jk?auﬂt 3%1,0 *5 é, -e’(ﬂﬁ’

Kot o M;Et;\'hﬁoi ORPA ISk OC__I
‘T-F.u.om-z H.C kuctalien D\:ELOJ ohb’-auo-l':(b Weeka

e, Quizana Pﬂu.r: 24 tor(175%)

« aeant T D, Weera 7 s
w301 (g3

ﬁ']'vyﬂftil—b\m o L prud ,w-?il%ﬂs ]

Cahu f; mﬁ e ~Collopua! 88 do3(
H.beol suot R .Ofends MMMu =) ?,j“?(sl?’}ﬂ
Qi kadr cuol Y Eoliwr | Peup . Quanr. Bippn .| fo

kbwou,c&.a,m Cbﬂf_ot.y‘.\ — Yetal o Rerres

C“)(}W o{&mma&-\&%w
Py o .

et-ato
27 ro('fé ((YS‘{)
oy ‘)mu W P&‘J,Tm w@f [ 1728 Ny
i z}m‘w unnf.a Rewmew> Ww 1

'} Mym Aiuadlalil Rew. B4k 42 | 386 (4577)
(3) rou Haluren oR ) Peuys. Fj 1513)

ALoE(
\;%M @iu HM- (1584) el (2)

Sadh 36 380 (AP )

*““ff‘;‘:nt““i@i:im% W] o Deuhe
Paur “a
GMi 1_-“(4?4 &g,mat‘hwa MM‘PM o
UUD.M.M] &..u« %@q:& Q*ﬁs(“f??)
b, hH
®

P - Rear | B ! 4?—0(‘?460?){
To! o
S oot ek M ot el S S,
|

(

Weore eh.af. ‘o “BEES eag B Bt el
Do Aoty i bt o B 5
38 fuen wh.wuﬂ'u Mml(‘mv’:w) o
':,~x°'%l.uv\ * Plowous ¢ Mty w ¢ - Tuinn

aclenbotious of (,m eot - Ay TV Dewrwene,

Plasuiun (vo vt ) C
U:"W‘U c_jj TEF (4§ 71)

Y
v . % Eio lJef((;m)
VT atk cued T, i ogean g\ae-.q‘oufm 4&4 1% io)c o )
S. S‘-"COM-&-% &_..T: ()
T e fot - fote b EI fii -
. . [L¥N
tgmm-:it LR wdﬁpdiu:i%’—a e'*’f"

EW‘M WU{J;MM u&gvcﬂ&»)
¥ BrA 6
Dhow P == ql'(“'“‘gi ‘,’c}cqﬁ»
iq&e
'J.?va-.n of al, LAHG ). Pe“"r"tm. “xt (

J'rz (AT&.)

"2!{'"



