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:7'fAttenuatlon 1n Met‘

¥itﬁ;ﬁnypical Attenuatlon Peaks at a Neel P01nt ‘éikaﬁ
: SRS

R ! ecaying Echo Traxn Show1ng Exponentlal
' Envelope and Strobed Sectlons ;* .

N ffs*;ef;geSChematic Diagram of Equlpment Setupfde;;ﬂeﬂ,;-._.
?3454?f-f7?4ﬂe Cryostat and mple Holder ﬂf»:5}77”

'ffsei‘,Q%fPumping System
" 5§4fi‘}.Manostat : ;f;'f[{)gg{f“x7,5,47i §
"T.JSQi_f“ﬁﬂvltrasonic Attenuatlon in: CeA12 as aﬂf?‘*eﬁ"uipw‘“

“,"'thfFunction of". Temperature (10 MHz) S

fVUltrasonic Attenuation in CeAl2
ZfFunction o Temperature (15 MHz)
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i;ThlS, and other ev1den,e [Pattpey et al

\

,:9K was determlned [Barbara g; g; 1977], and even”nOW SRR

’ 'fthere are some lndications of a second phaSe tran51t”on ; '

.fié,the same v1c1n1ty [Schefzyk g__g;L 1985 Radowakl, 1985],ﬁf’”"'

\

i*;"whlch would seem to inalcate behavmour 51m11ar to that

RN

“observed in CeB6 [Rossat-Mlqnod QELQLL 1981],:>;%

Thls low temperature maqneklc orderlng 1n a dense

:-v_.."’

zﬂf;Kondo material is another one of tﬁe unusual properules of

N.‘\ B







o -&92' .

O 2 THE KONDO EFFECT R, Lo L SN
'”.z;l' 1Lute Kondo Effgct o uf“ ".'f*”.i,V.ugft'}Qﬁ e e
: The re51st1v1ty of ordlnary metals 1s due to o

1f;welectron scatterlng by lattlce v1bratlon3 or phonons, and

?shows a monotonlc decllne wlth decreaSLng temperature toward;'
, » =

'“_fg.some constant value. Thls re51dual re31st1v1ty is due to

-

'-‘the scatterlng of electronabby non—magnetlc 1mpur;tges and
S T ING e
’ lattlce defects in the metal .5;':. L ',éi’v DR

If however, very small amounts of a magnetlc

sy

lmpurlty are dlsso.lved 1n'non-magnetlc metal the:

v . N

”7locallzed moments of these 1ons act as- scatterlng centnes.f!r S

”'{vAt low temBég\tures these moments may become the most

"jlmportant contrlbutlonﬂto the electrlcal re51st1v1ty
The presence of these magnetlc 1mpur1t1es4§
’p 51gnrf1cantly alters the low temperature behavxour of the.f"

. N
'_re51stLv1ty Instead of decrea51ng toward some ré!idual

'ﬁ7»value, the re51st1v1ty actually beglns to 1ncrease Wlth B

i 0

'rdecrea51ng temperature and comblned wlth phonon scatterlng,_mi o

‘produces a shallow resxstance mlnlmum [Ashcroft & Mermln,

1975] | : |
| Thls behavlour, whlle flrst notlced nearly 51xty :
EYearS ago [Melssner & VOlgt 1930],*was flrst theoretlcaliy
‘descrlbed by Kondo [1964], and hence is~ known as the Kondo‘f;.
i_ 'effect._ _;”ifjff.f ;' ' L '
| Kondo showed that the re51stance mlnlmuqqgas due to ;;”



ge s
. 'Q,’) - L _' : ‘4..,_:_ T L

fyg-gff;prev1ously unsuspected effects of the scattering of thefi??ﬁﬁ
*“mi”y;conductioh electrons by a magnetic‘:mpurity Earlier

Qtifigeganalyses to 1ead1ng order 1n perturbatlon theory had

”F%?tyindicated that the magnetic and non-magnetac cases were=juje7f

iiflqualitatively the same.‘ Kondo showed however, that to all

'5f higher orders the magnetic scattering cross-sectlon is-

'rdivergent as. T goes to zero, 1mp1y1ng an 1nf1nite JVh;,if
e§15t1v1ty.: ThlS divergence can be removed by con51dering
the splitting of the localized spins [Rondo,;196¢ﬂ Siﬂte

t{ these splittings occur at temperatures much lower than those

}fof 1nterest one can just use the straight forward result

”hi(which follows) rememberlng that the divergent égrm can be‘tb

e made convergent ‘f requ1red ,., R b

The result of Kondo's calculation 1s a spin-itvi

‘?’f;dependant contribution to the resistivity of':

'_?;‘2 -1). cm(l + (3zJ/EF>1n'r)

lfwhere J is: the eXchange energy,lb 1s the 1mpur1ty

,_'concentration, z the number of nearest neighbours‘, EF is the
f:Fermi energy, and fM lS a measure of the strength of the |

sﬁ,f exchange scattering.i Thus, if the exchange energy, J, 1s

.“--a .

-anegative the resist1v1ty due to the magnetic scattering

Ce

'7.4» Centres can be seen to 1ncrease w1th decreasing temperature.,‘

—,

n

- Writing the total reSist1v1ty as the sum (a;suming that the

i‘f:,'ffindividual parts can be added) Of this Kondo spin _
o 7_iscattering, the latt{»e resistivity PL and the resistivityi
. - caused ’by the j_mpurj_ty potential &, we havg. - .




"fg](z-z) ?TOT FL + c;h + cPM + c(BZJPM/EF)lnT
'ilﬁIf we assume that the lattﬁre reSLStance goes as Tn‘(n s 5)

5}and combine PA and PM 1nto a new constant ?o' we can then

e . (2_3.) e :?-TC‘)T"'..%" aT> ,~’+"CP°{'"-')°P11’.":I-'5

- with:

i5D1fferent1at1ng with respect to T gives the location of the

-vre51stance mlnlmum..

. . C R A. _,,,"‘ .
| e 4 g
| (§ 5) e dPTOT/dT 5aT . cPl/T =0

22 Den e Kondo Ef ect - . : SR
- .n The above treatment con51de£egfbnly 1so1ated SRR N
magnetic 1mpurities, and 1s therefore usually referred to ast»itd
‘iﬂthe."drlute" or single 1on Kondo effect.- Only very small R

S c.'
amounts of the magnetic 1mpur1ty areﬁfequired to produce the;v;

’.

. /)resistance minimum. For example, 0. 05% - Fe” dissolved 1n pure}_fpci
'J'copper produces a Very pronounced é%fect [Ashproft & Mermin{-
-f1976 p687, Franék g;_gl& 1961] » Moreqver the re51stance | ;%;j;l
vn'zminimum is- diminished as the 1mpurity concentration 1s ;!f;_q;,;;i
: ?1ncreased | - Lo e 2

. It 1s, therefore, quite surprlsing that one should y




"zfind;fin certain rare earth compounds, a Kondo—like

’%f_re51stance minimum, 51nce these are concentrated systems oﬁii

1°°a1 mOmentS-, That lsha;hey are systems having a magnetlcf

‘fcf;]"ion in every cell of the crystal [Doniach 1977]
S The 51ngle 1on Kondo theory 1s inadequate 1n these'
c1rcumstances and efforts are beinq made [Doniach, 1977"”A”"ﬁ

Ohkawa, 1983,‘Yosh1mor1 & Kasal, 1984] to construct a-j%°l’

. — =
.‘. . - : .

theoretical framework for these compounds._.1fﬁ*-'“”"'"

——
-

One of the features of these, so called "dense

Kondo“ materials is that E&e f-level wave function 1s

ple e

"Fj suff1c1ent1y localized on each magnetic ion that np directidV?f”'“

f f 1nteraction can‘dccur between nethbouring ions, and an;{'rv :
1nd1rect Kondo like effect occurs involving the conductioni$‘

. electrons on the4pther ions. ﬁ¢¢_,'i S :. |
: ~ However, at low temPEIatures,d some of these I

P

,'l] materials also exhibit coherent hehaviour in spite of this;jf“

1 e;? these materials enter some sort of ordered f'”"

:jlf though the magnetic sites seem to be comphetely }ndependent_ffi

:'f”/ at hlgher temperatures.¢v3,f?ﬁf7’f?ﬂ*f‘ . Ve

;f | '”°? CeAlz and Ce86 are such 4ompounds., They order L _
G antiferromagnetically at suff c:tntly low temperatures.,;f -
o ; | :

a L ‘ %




e

'-<'3fg,l CeAlz

respects It 1s not only a magnetlc lattlce ‘hat dlsplays

CeAl2 1s an 1nterest1ng materxal 1n several

L
Kondo behav10ur (1 e. a dense Kondo materlal). but,lt also

- R

enters a complex ordered state at luw‘temperatures.fpih;}gffgff

s electric f1eld._‘"’a

addrtzon, there 1s st111 some doubt as to the exact nature

l

of the magnetlc phase dlagram.__'unfhﬁ“ ”'q‘i]ffﬁfflfiCﬂ

CeAl2 is a rare earth Lntermetalllc compound that

crystalllzes 1n the cublc-Laves phase Mngz structure

\n

[Walker gt al 1973] The ceflum atoms form a dlamond typejiff

lattlce, w1th four alumlnum tetrahedra 1n each conventlonal~?fﬁ

unlt cell as-. shown 1n flgure 3 l.x\The trlposltlve [Croft etﬂaj

1 1978] cerlum 1ons thus experlence a”t_blc crystalllne

. : : o SN T-”i
SRS
CeA12 has been characterlzed as ‘a’ Kondo-type o

‘,J_f*material by electrlcal re51st1v1ty measurements [Bredl et e
7; l 1978 0nuk1 gt_glL 1984].; The re51st1v1ty curve clearly4fff

57(*shows (flgure 3- 2) the characterlstlc shallow m1n1mum that

,

s created by ﬁhe logarlthmlc change of the re51st1v1ty w1th::7

temperature below the minlmum Thls curve has been fltted

7_[Cornut & Cqulin, 19?!5 down to about 10K using,a s1ngle_f§

impurlty Kondo modél\that takes the crystal field effects f?f

ninto account.: This model falls to produce the maximum

'tbelow the mlnimum.u"

hobserved &n the resistiv1ty (figure 3-2) at temperaturesj

¢ .-




.,1n Solmd State Ccmmmmatlons, 24 1977 p481 and the other

. shomng a typlcal re51st1v1ty curve for OeAl taken fmn a paper

by Baue:c et al that appeared m the Journal of Magnetlsm a.nd

o ”},-'.Magnetlc Materlals, 29 1982, P192-.. 3 :




L;Specific heat and magnetic suscept%bility [Hill & da Silva,

‘*’4[771969, Bredl et gl 1878] This trénsxtion occurs at aboutd

’*#ﬁﬂf3 9K, where neutron diffraction experiments show that the

'“fﬁcompound‘assumes a complex antiferromagnetic structure.ﬁ;nﬁﬂﬁw"”ﬂ

.'s:.nusoidal spug density Wave that lS 1ncommensurate W1th the

hib;;fcrystal struct%ré [Bﬁrbara gt_gl; 1977]

::f;‘indirect exchange mechanism that occurs between cerium 1ons

'b}”in spite of the competing Kondo effect [Aarts t gl f985]

"fSpeCLfically the antiferrOmagnetic order con51sts of a

\

The magnetii‘ordering 1s believed tc be due to an:

“”iﬁThe number of.conduction electrons participating in the f:~'3in"“

:VZf“the cerium 1on magnetic moments. The opportunity for the

h“*f{ states are ccmpensatihg the magnetic moments., Even so, the

| 7uf'exchange mechanﬁsm was acting alone, the transition

.LnilgaoJ -ﬁﬁ?e,"Q:n]fﬁf"'*'

'ifKondo effect is insufficient to fully cqmpensate, or weaken,:gf

' ’fappearance of such an ordered state might be proVided only

B

o 1n those compounds where the Kondo and the competing
'“.einteraction are suitably anisotropic. 54ﬂ@[~;;{j” f:
| Specific heat data [Bredl gt al, 1978] seem to

A*3iindicate that only abcut 10 per cent of the conduction band

A"tresulting Kondo effect is sufficient tbtsuppress the *"“;

';:transition temperature to 3 GK, whereas, if the indirect

z“vitemperag!re might have been as. high as 7K.[Croft & Levine S




¢7Tr'suggest1ve of a second magnetic tran51tion. jé;?.“

If such a phase transltlon ﬂxlsts, 1t would have to i;

'“efbe very close to the known transrtlon,“as the other

”ffﬁtransport propertles do not show any extra anomalies. There,.?

'”f“jwaould then be two'TNs, very close together in zero applied"‘

'5fiﬁf1e1d and becoming more dlstinct as the applied field ie

‘*ff;lncreased (figure 3 3)

. ‘\‘ . .
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. figure 3- 3 Magnetlc phase dlagram showlng
possﬂale unknown phase boundarles._.
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’"~fff;hav1ng frequenc1esiabove about 16 kHz form part"of:the
‘*fﬂjultrasonlc spectrum., The frequency range available to
v”fofu&trasonlc attenuatlon experlments u51ng the pulse echo'iv

'*fﬁL-technlq“e s llmlted by equlpment concerns (e g-i‘

}"felectromagnetlc losses) to between a few—megahertz and a fewi

” 7ffhundred megahertz.ffenju'*5  




i _appeaxed J_n Phlllps Rasearch Report,s, 19, 1964 p524

i ): BT g L B "f- ST

'I'hls page has been ranoved because of the mava.llablllty of

| oopyrlght permlssmn. :

_ 'I‘he page contaa_ned a flgure shpw:.ng the phonon spectrum of a i:,:"'.’,',f?";.,.,f”,
"':1att1ce at lK. 'l’he fn.gure was taken frcm a; thes:.s hy R. Dav1d that .

S




G
  '-'.7;;,(4 2) |

' and wrltlng an ekpress;on f'or

Y f complex 4 WJ.th.

- ...;;: (4 3)




| decrease dla'(x)|}~

of the p051tlon x, one thén4has.ﬂhﬂffz-”’

-gglc'(x)[dx f"f;.'

(4'7)

w1th the attenuatlon coeff1c1ent-wo<, enterlng the equatlon

as the constant bf proportlonalxtw Integratlng thls

expression, with a' belng t

»{ whlch is the same as the previous result._‘ fﬂﬂ”}ﬁf 3:fcff'

There ar }many mechanlsms that contrlbute to the

: 1nc1udes attenuation due to the scatteri;g of

'_ffﬁh ultrasonlc ,slgnal by 1mpur1t1es‘:o??;';”:'“"”;“j”

- ilmperfectioms in the' crystalp 3 : graln
' “ﬂ boundaries [r” polycrystalllne materials.-
lother causes can 1nc1ude, lack of parallellsm

of the sample surfaces (whlch wlll be touched

“on later) and mode conVer51on (i ea'f;‘a['Q5:,¢h"'

longitudinal /Wave partlally converted to |
't transverse by anisotroplc c&ystal propertles .
or by contact w1th the Sides of a sample) :

[Beyer & Letcher, 1969, p242] These R 5

fdistance dx, the-amplltude Io (x)l 1tse1f, and 1ndependent

-

'stress at zero dlstance g1ves‘~°*'5




‘:'i?wavetraln‘ 43
'“féelnteract w1th the thermal phonons present lﬁgy
~'“2fthe spec1men 1n Splte of the extremely arge;f?ﬁ
.'itiffrequency difference betweén the two (;Scallfﬁ-'

'?lelnearly

”iﬂfifrequency.;‘However, thls 1s not the case, asir

“:fexperlments show (see figure 4-2)

= [Truellzl
“:‘-":"passlnq
' :°f7gtherma1ﬁfbh§ﬁﬁﬁ"¢155'

W‘iphononsfseek to counter'this disturbance viaf

liff;;iattehuation see-&ruell g:_;l* [1969}*and thefﬁ;“

g the ultrasonlc 51gnal Ahj

there should

*f;flnteractlon even between waves ﬂj"" qu

el

: ,e.t__el_,. 1969. - p3091

G )

bution.g The;ftherma1ﬂ

details of the calculation of thejj];
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“This page has beeferemabved because of the unavailability of =

oopyrlght perm.lssmn. M ‘

'I'he page contalned a flgure shom_ng tvplcal ultrasonlc attenuatlon

)

cur\* in an J_nsulatlnq ma,terlal.- vThe flgure was {:a]fen From Ultrasonlc

Methods 1.n SOlld State _hys:Lcs bv Truell et al 96 Academlc Press

New Yorku




tijfmaterlal Wlth no free electrons present._ Theaiffﬂ*"””

'“3::Fattenuatlon decreases w1th temperature and”fﬂd

.ff«fveventually reaches a constant value due to fff?"' |

~

‘*s'lmpurlty scatterlng.‘ However the case,fo:'a{fﬁli; T

f’metal is qulte dlfferent.. The attenuatlonils“?;};¥w~
‘Z_ffound to 1ncrease aga1n at temperatures below;;g7ﬁ”ﬁ
77gtabout 20K.. Thls low temperature 1ncrease 1n;:ff;jiu
'f-attenuatron‘ w1th decreas1ng temperature 1sve‘i s
attrlbuted to ;the coupl;ng betWeen theszhfky"ﬁi
h;ultrasonlc waves and the conductlon electrons{}tﬁft'v“
*‘:'f[Bhatla, 196'7,.p290] L | R
:;{Thxs electron—phonon coupllmg 1s thought tof?{’"" |
ﬂffarlse [Plppard 1 1955] from internal{hfliggf:f.;

"electrlc fleld set up when the lattice lonsfiff",

iu S

'..

ultrasonlc wave. \» The conductlon electrons‘_A L

s

',_are 1nf1uenced by thls f1eld 1n addition tofffbfﬁv ‘.
'ieanthe relaxatlon effects whlch try to ree%gl frh
v:pfestablish local equlllbrlum w1th the ordinarygﬁ_;ra»

1Vnmechan15ms already present (thermal phonons,'

'*Tlmpurlties, etc ) ff Thls extra disrupth“tr{ﬁ

;acauses the electron dlstrlbution t01 beapéf

2.d1fferent,:_at any glven period,f)than thewi;fh o

aétribution that  would ' résult _fj.'i'f_‘"_f- the _f E T

JJpelectrons were in local equiblbrlum With the fﬁpgkhf{b

PP A

dlsplaced by igthen pa551ng fofvpf;hefjfnf‘ :




o

"ultrasonlc attenuatlon._ ' ;",j'.v PR

o

Gk

NS 'ta "en [Truell et al 1969, p293]

An. alternatlve way to v1sua11ze- the\»ﬂi

N the electron s mean free path [Mason, 1958,

- f&'

T_comparable to the phonon wavelength the

—

L Lo g N SN I o
“In“a normal metal these three scattering mechanisms- o

. y -

fiaﬁélf ThlS dlfference eauses an 1rrevers1blef;f'
v?‘lOSS bf7 energx/ and ’the sound wﬁve',isf:g?i*;ﬂ
lﬁﬁh?:attenuated Whlle Plppard' calculations~
ipﬁiusing the above 1deas were based on’ a sem1~j"?
hkf[cla551c§ﬁ free electron model }f quantumflfﬂ‘
”ylcal appnoach {Morse,‘1959] w1ll glve”

'rd's result when the cla551cal 11m1t 1s‘

-electron-phongn 1nteractlon—-1s to cons1der})

;€p319] When the temperature 1s very low they
.}electron mean free path becomeg very largei;‘g
}compar&d to 1ts room temperature value, and
tbeglns to approach the phonon wavelength.ff't:’

:fWhen the electron mean free path becomesﬁ

-~

'h'electrons are. then able to 1nteract wlth the‘nf
'a»lattlce v1brat10ns and acqulre momentum.i
‘.'Thls causes; an 1rrever51b1e 1oss of energy'ﬂ 2

?from the 1attice waves, wh1ch appears as the;fy




e

-"fcombine (flgure 4 3) to form the overall or total

'iﬁﬁtattenuation.f If, however, the metal deviates from "normal"lﬁ.
’e’ffbehaV1°url g g. undergoes a phase trans1tion, one would ..fb v
':expect the ultrasonic attenuatlon tO change.. The nature °f o
”ﬁﬁéthls chg%ge 1n the attenuation w1ll, of course, depend upon
'5‘;%;whether the change 1n the metal hinders or enhances the
i?ahlllty of the various scattering mechanisms to couple with
'chjtthe sound waves.' In the superconductlng phase tranSitlon,;i'fﬁ"A
ﬂ”“q?for example, the attenuation deqreases rapidly (figure 4 35

»p;:t'oas the conduction electrons "condense“ into the Cooper-pair

'“:bound state, and are no longer able to scatter the sound

’ 'wave [Bhatla, 1967 p317] |
e ‘The change in the metal may even introduce another

\x?f‘;ascattering source altogether. This is the case in magnetic

f?t-;ftransitions such as the one that occurs in CeAlz.' In such a g?fi
' - transxtion between the paramagnetic and the B . |
'antiferromagnetic states of an antiferromagnet the

s 'ultrasonic attenu t on peaks sharply’near the Neel
_ &

u:g temperature. Th!sﬂ,_ﬁk is. attributed [Luthi & Pollina,

1968 Ikushima, 1970] to a spin-phonon coupling mechanism y. o
L 2 ‘ \ R
‘ which becomes important near the transition..p ' r-g.

Although a spinrphonon interaction seems to be 53]f{-th*~

'established as the cause of the attenuation anomaly, there i

.j,has been considerable discussion" gout the exact nature of i¥%ﬁm“

Cay
A

SEE
bt




Attenuation—

: Phoﬁons\ —_"_‘ 5

-

ifiguré 4?3 Schematlc dlagram of ultrasonlc.- :

attgnuatlon_;,n metals.  © . o~
[Bhatla, 1967, p291] i e
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'Lii-the degree of spin ordér.,

The“e~£1uctuations become very

: ”emperature,.TN, and as

"_tf\a result the sound waves have a large scattering crdsx"

section near TN.“;;:f

In order to derive the temperature and frequency

dependence of the ultrasonic attenuation, all theories using

\_.,_..._....

the Spln fluctuation approach begin with a very conplicated

expreSSion for oc[Luthi gt_al& 1970] thhis expression is

:gfderived from either the spin-phonon Hamiltonian» or"an

i

<.n.

R
argument hased on irreversible thermodynamics.: This
expre551on for ocis unworkable in 1ts most complete form,

o therefore various assumptio s and approximations are madenr

51mp11fy o:and extract the required dependencies.f Although“

different authors choose different methcd:iILuthi e;_;l* ;p‘

1970], and vary;ng degrees of sophist "tion&[Itoh, 1975],}

e the resulgg/are, qualitativelyf:very similar. The ﬁt”r*

'T;g expreSSion for the attenuationfis reduced to the torm:
Sgdme) Y 'j_-ia‘ecuﬁx*/(l/tc) :
ig{;orgi_fhj:f *:“«;u-, Bl




"fiffwhere x is the spin susceptibility, Chils the magnetic

.-}f_p contribution to the spec1f1c heat,w and Tc l.S the
L - ,ﬁ B o

""characteristic decay time of the cr1t1cal spin fluctuations’ﬂ

'v'(which ls assumed to be much shorter than the phonon tranSLt

L

ifdfﬁtimevFLuthi et l 1970})':‘The temperature dependence 1s:}31. 5

RN g,,
*

{fwhich show peaks [Wlelinga.v1970] at the tran51tion.' These ;:i”

f,contained 1n the suséeptibility (or the spec1f1c heat),

':ﬁ?*fjpeaks are enhanced by the lﬁtc term, as‘tc diverges near TN.fV"T‘

The temperature depehdence can also'he written fj e

.,1

‘l',jexp11c1t1y'"Luthi g;_gl_ 1970] a5°’7’5'

s 1) mw?- I(T-TN)/TNI"‘ -

Lifor temperatures close to the tran51tion temperature, TN.-fAffi

"f‘typical curve 1s that of the antlferromagnetic tran51tlon of;ﬁixﬁ

v[,Man shown in figure 4 4
' The various theories are then“tested by comparing

“'?the theoretically and experimentally determined critical

'exponents (n)

¢Wh11e these theories based on critical fluctuation
R 1deas are, qualitatively, fairly successful 1n representlng'
'f-the experimental situation, guantitatively, most give order ﬁ;!;;

‘h'of magnitude estimates at best [Luthi, 1968, Ikushima,’

1970] There are, however, some very sophisticated
- theoretical evalua lons’ [Itoh 1975] that seem tokgive good ;”f“'
;;qualitative and quantitative results.cfﬂft. g ‘”,Jﬂ‘;j‘;,;
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hfiof the specimen.f ThlS transduce converts ectromagnetlcan

'_1mpulses 1nto mechanical waves which then propagate through

5lithe specimen., The transducer may also be used for the

',.inverse process of converting a. mechanical stress wave 1nto

ilpulse that can*then he recorded._

7andé1ectriC_7

Quartz is the usual material for transducers.

U PAlthouqh other materials are’ available, e g.‘CdS ZnS

f”LiNbo3, quartz 1s usually preferred as - 1t has a very high Q

~:and therefore has a large response at 1ts fundamental”or

;\‘ffharmonic frequencies. Quartz lS also reasonably ea81ly

”7~umach1ned., As the thickness of the quartz transducer

vtidetermines its fundamental frequency, this machinability
"along with 1ts high Q allow quartz to be driven over a w1de
"V”range of frequencies (from Abont 3 MHz to several hundred

{ﬂumegaHertz) when harmonics are 1ncluded.~f

‘;the other hand is a lo( Q material and while 1t can be
_driven over a continuous range of frequencies, these '
. ;frequencies are typically about 300 to 800 MHz..g;"'

other advantages of quartz transducers 1nc1ude the

”“fgg;relative temperature insens1t1v1ty of their mechanical

Cadmium sulfide, on F5y




7pare cut);‘h

B 7transducer 1s bonded to the sample and then excited by a
T ifshort duration electromagnetic pulse tuned to the

’ffi}fundamental, or an odd harmonic of the fundamental s

' Lﬂifrequency of the transducer.: The transducer converts this.“-

‘?]electromagnetic pulse into a pulse of mechanical waves, of

“speczmen are smooth and par31131 then the.pulse'ieturns,

'Wffthrough the specimen to the t”ansducer-sample interf”ce”‘h

w“the same frequency, which then propagate into~thefspecimen:ﬁ

"ff{and are nearly perfectly reflected at the opposite end o:“ﬁ

| v';‘v""properly prepared specimen.-v If the opposite ends of :""theff-f,

=~fajHere, ‘a very small part of thetsignal is;sampled by th Vi
,:transducer, while most d'r the signal ,is¥ reflected back into

v{the sample., The transducer reconverts the vibration into an

5ﬁ,_h,above.

In order to measure.the ultrasonic attenuation‘the

-a

o,

Therefdre each time the soundnv

”f;;transducer-sample interrace‘wl“’uﬁﬁm'“”'wa
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'-ffj‘oq can be determlned.ﬁalf"””'f"

'”fr This result for the ultrasoniclﬁttenJation‘Will.be

The requirement of plane parallel ends is fairlyuiikl,yﬁ

:ft;spdstrlct'fﬂAny orlginally parallel wave that is reflected?!?@f

-'ffjfthrough a small angle returns to the transducer at an angle kfﬂg

,f7fwh1ch iﬂ;reases, of course, w1th each round/trlpcthrouqh the';

E“fffspec1men. The incidence of the wave at an‘angle oaus‘p
ﬂkgﬂdifferent areas of the transducer'tousee different phases of'
-uthe:wave, which results in degradation of the exponentiaw

S ’ 5 ARRNROTS
‘w.jenvelope.

vaen a small degree ofjnon-parallelism produces

.“”uimlnima in what shouldebe an exponfntial envelope [True1~’g;
a.l... 1969, p1o7]-"'vl,;': S e




':d'tftolminimizﬁithe ener “Tlost at thisdpoint.ﬁ Any energy 1°5t€?“

”':Vpdurlng the exchangefofép.formation between the transducer

'ﬁ?;and the sample will directly affect the osc1lloscope diSplay

“,and disguise the actual attenuation.;:“f?%fo[;vcjﬁfg,NJ:f"!r}fjﬁﬁ

The transducer 1s usually attached to the sample o

w1th a thin layer of grease or cement.‘ Cementing the J}V

[

,hransducer onto the sample w1th a.thin layer of epoxy
‘f‘—usually gives excellent contact but such a- permanent
arrangement has certain disadvantages._ If the measurement ?l“i
’i”fifrequires_coollng to very low temperatures the thermal /F £
stresses between the tranéducer and the sample may be | _
5i:fﬁ sufficient to break the bond.w W1th a. permanent cement bondt;ii
"i, the transducer is very likely to break as well With this P
§2}; prdﬁ@gm in mind, popular bonding agents are: Silicone vacuumgfyf
iie greas@ and Nonaq stopcock grease.v A thin layer of one of :
these éteases prov1des good contact between the transducer
and the specimen. If the bond should crack when cooled 1t -

1s unlikely to break the transducer, and theabond 1s ea51ly's R

i U,

1» remade at room temperatufe. : .
o Diffraction and Sidewall reflection are other‘-
‘TE sources of beam loss that shou1d4be kept in mind S
L Diffraction is the spreading out of the beam, Wlth _
v'ﬂ the result that the transducer may see only a small part of.A
the returnin;abeam.. Its effects are the largest at very 1ow
i frequencies"and when the transducer is smgll compared to

*_1i1 the sample diameter. pn ::;;’t'-y€11f>!“.; :ﬂ'




vi'vf:the transd/ucer will notbé} S

Whlle great care is .ken to mim.mize(th"'

,'_35‘1ossedeﬁue to these effects, it is still difficu £




-9 e T

Q . .In some ‘experlments, though the nature of the : :
%“Vtiexperlment allows for a reasonable determlnatlon of the
"_.'actual attenuatlon coeff1c1ent.v When measurlng attenuatlon
| 1n superconductors [Dav1d 1964] the attenuatlon well below B
the transltlon 1s assumed to be due to 1mpur1ty scatterfng,f
;and the varlous sample preparatlon problems only «Thlsvls;
; taken to be the zero level ‘as the attenuatlon is" |
theoretlcally zero in thls reglon W1th thlS Value'xﬁ;‘
subtracted the gttenuatlon coefflclent obtalned af’hlgher‘
temperatures can be taken as the actual value in the sample
-i};', ;’" In measurements on antlferromagnetlc materlals,
’ﬂhowever,_such condltlons do not exlst. There is. no |
r——convenlent zero level as the attenuatlon in’ these materlals
peaks near the tran51t10n temperature.u Thls makes 1t very
.dlfflcult to. determlne the actual absolute value of the:ft‘

'fattenuatlon, therefore quantltatlve comparlson to the theory

B pls dlfflcult in these mater;als. Qualltatlve analy51s 1s’

.“.

'f‘usually possible though, 51nce 1t 1s‘the shape of the peak o

- Re

that 1s of 1nterest.~3 "' ? \f'*’“-;{ e
Aco ) R “ S
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T{ppolycrystalllne., It was prepared by meltlng the e

':,3 cublc LaVes structure expected for CeAlz, w1th no ev1dence

'T"returnlng echo, and dlmen51ons that w111 support the:

rf"by mountlng the sample on a metal plate with silvar print

" s, 'THE'EXPERiMENT*f o
"'.5..1' §ample Prepgra_t;on '

The CeAlz sample used Ln these experlments was

fst01chlometr1c amounts of cerlum (99 9% pure) and alumlnum

’(99 996% pure) together in an arc furnace under an argon : *ﬁ;ffJ
’atmosphere. The resultlng 1ngot was then annealed at 900 cz,;f;.ﬁﬁ

o for one week An x-ray powder pattern analy51s showed the

1u.fof secondary phases [Kadowakl, 1986]

e

A rectangular sample w1th squared ends sultable forg.“i
T_ultrasonlc measurements was then spark cut from the 1ngot jf;'!"“'z

;2‘Although one has an. ideal shape in: mlnd"’“le' sufflcientﬁ'

vllength to allow the electronlcs tlme to’ reset between eachl:

"‘;transducer as well as mlnlmlze the sample losses discussedf“‘l

:pfearller.,the resultlng dlmen51ons of the sample are, of ‘ :
"¢’course, llmlted by the slze and shape of the inltial 1ngot.ﬁ,?5474é

After the ingot had been cut lnto an. appropriatet"”“

Tlshape the ends were made plane-parallel. This qgs achleved;;&

s

E and then spark cutting one end of the sample. The sample

”;?was then removed from the mountlng plate, lsaving the plate!ﬁ?ﬁfﬁuf

" flxed 1n place 1n the spark cutter.; The sample Was then

‘”':.turned end for end and the cut end attached to the plat_



| “l plate and - as a result parallel Wlth each other.f' "f'l§i

‘::]Synchronlzer, and a model 2470 Automatlc Attenuatlonlh

?.
1. .

i

'The freshly exposed end ‘was then cut.u The sample was turned

:'end for end agaln and cut for a thlrd tlme. Slnce the | _':'5"T?E
1-mountrng plate 1s not moved durlng thls procedure 1t : 7']w,'§_f§
' malntains prec1sely the same p051t10n relatlve to the -ftkﬂ'};.?;€
.cuttlng blade.' Cuttlng the ends of the sample 1n thls .

I

‘ manner, therefore, makes each end parallel w1th the mountlng

The ends were then carefully pollshed w1th #1000

; carborundum paper.ﬂ The parallel orlentatlon of the ends was

)' W . -
AN

'_preserved u51ng a 51mple plston and cyllnder apparatus!}o~f€ R
fl.keep the carborundum paper parallel to the ends of the
'sample."‘ N e R T

_ The result of the above‘procedures was a;g-” - o o
bfpolycrystalllne sample of CeAlz, 7. 85 mm long and hav1ng anﬁissg5;é

approxlmately square (about 4 mm on a 51de) cross-sectlon

Clel -

572 ‘ata llect on"
The ultrasonlc attenuatlon data were collected
'automatlcally u51ng a Matec model 6000 Pulse Generator and o

'Recelver (or Maln Frame), and 1ts attendant equlpment

”'?Speelflcally‘ 1a model 960 R F. Plug-In, a model 120 Mas_erffﬂy,'”

T'Recorder. When set up as 1n flgure 5 1. the above equlpmentz..f"'

L generates the R F. 51gna1 that drlves the transducers.f,eg

'recelves and displays the returnlng echoes, and

’ automatlcally computes and records the attenuatlon.”';-,’
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'/fa meter and/or a chart recorder."

fthe quartz transducer._ This 51gnal

can be tuhed tq. match ‘the’ fundamental or an odd harmonic of

lv

‘t‘!the fundamental frequency of the transducer.r The returning

'echoes 1n the sample are then picked up and reconverted by

the transducer to an R F. 51gna1 and returned to the

Mainframe.; Here the edhoes are amplified and detected

‘“f;after which they are displayed on an 0501lloscope, and

.'.coupled to the Automatic Attenuatlon Recorder.-

o The Automatic Attenuation Recorder allows the

e

train and differentially compare their resultant D C.

o voltages uSing a logarithmic yoltmeter. Two delay

“generators are triggered by the main driv1ng pulse, these 1n

'*’operator to select any two echoes in the ultrasonic echo L

turn drive two. .echo selectors. The. echo selectors pass only o

{fa Single echo each rejecting all other echoes as well as
;the main driving pulse._ Intensification strobes from ‘the

delay generators are applied to the osc1lloséope display to.
1dentrfy the selected echoes (figure 4-5). .After-

amplification the selected echoes are fed 1nto Peak

"H;Detectors which obtain D C. Voltages that are directly

1

,,gproportional to the amplitudes of the selected echoes.fh,._

&) These voltages are thén fed 1nto a Differential Logarithmic

Amplifaer, which computes the attenuation and displays 1t on. o

I




'f~ in diameter to fit the end of the specimen.»

Such a setup allows a continuouslscan of the .
lg7u1trasonic attenuation to be made as some other variable.”rh';
‘rg:(e g. temperature or applied magnetic field) is changed
o The transducers used 1n this experiment were gold

r7for compress1on.wave‘in the sample.s Transducers“having

transducers operating at their fundamental frequencies.~

AF”Q}%The 5 and 10 an transducers were produced by the

'ff Valpay Crystal CO. and ‘were 3 mm in diameter. The 15 MHz

- : '.-a.,

transducers were cut from a square plece of traneducer

material w1th a. dlamond wheel

gﬁand then shaped to about 3 mmﬂ""

' The transducer was bonded to the end of the specimenft_

| with a very*thin layer of silicone vacuum greaseul The bond_?f

- was made by spreading a thin layer of grease on a second
SRR

The transducer was then placed og¢of

piece of (clean) metal.-

fhe sample.. The grease that clings to the transducer as;ft5

13 slid over forms the bond.iﬂ

v

the transducer. This layer isﬁa}equate to coupl the;‘

',, »..‘ e . e ~




'-l‘transducer to the sample, but 1s not so thick as to

,"interfere with the transfer of 1nformation between the=i{;‘jif-

”'transducer and the sample. ,:'
'*D", L e ’

- One transducer was used to 1n1t1ate the ultrasonlc

’ .

'Jgﬁpulse 1n the sample and to detect the returning echoes.a The?f;}

use of a second transducer as the recelver requlres anothertﬁjf
bond to be made.i Thls, of course, greatly lncreases the f'vhﬁ
7rﬁd1ff1cu1ty in. gettlng echoes, as.two 1ow attenuatlon bonds“

are now requlred. Chances of bond fallure when the system;g'ff

‘fis cooled are 1ncreased as well.

The sample was mounted 1n a sample holder, the top

B ;Of whlch was deslgned to flt a 4He cryostat.. The sample f?f'

'fcentre of a superconducting solen01d mounted 1n the 4He"'

j;dewar (flgure 5 2a) The sampl'

't'o copper electrodes held 1n plj
“fbl ck by two teflon screws (flgu e 5- 2b) ; One of the
'Telectrodes was sprlng loaded whic made it p0551ble to'

'fadjust the pressure exerted o,

f”the electrodes.‘ Thls pressure was adjusted to optlmlze thef#t'f

'd”echo traln. ‘~f5mfigf]ﬁir35"f,f~

The electrode that pressed agalnst the transducer ji

, ~was 11nked wlth a shielded wlre to the top of the sample,j{<if

_holder, from where'i

g

:f:the Pulse Generator._ The electrode on the oppos;te end of tha

b the sample was’ connected to ground 7ffffdfffifm~:lf_fﬁ{hglﬁﬂdﬂ

v”h-tholder was of sufflcient length to suspend the sample in theﬂff
1tse1f was. mounted between-o5h

He, in a hollow bra5s ;7}2 ey

he sample and transducer by;V;Q

!

A

tﬁ% connected w1th a coax1al cable to



flgure 5-2 He pr.yostat and Sanple Hdlder ;_ L

B T To R: Ff PIUQ"” “ |

) | [——Outer Dewar’ -
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The sample was eooled by 1mmer51ng 1t dlrectly‘lnto S

"fa liquid hellum bath ln a glass 4He cryostat._ Temperatures
'Qof about 1 8K were achleved by reduc1ng the pressUre over e
"Jthe llquld hellum bath wlth the pumplng system shown 1n
’?,'flgure 5- 3 S E ; P ‘
‘f‘,The pumplng rate, and therefore the rate of change of the

: temperature,vwas controlled w1th a manostat (flgure 5 4a)

g;d*By slowly openang valve A and allow1ng the pump to reduce _;n

’fhellum bath., As long

.d the pressure 1n the res/rvolr tank thefflex1b1e membrane'h
.1% moves and allows the pump to pump on the 11qu1d hellum bath
:?(flgure 5 4b) When the valve is: closed the pump 1s only
vable to reduce the pressure over theVbath to that of the
reserv01r.i At thls p01nt the membrane snaps shut (flgure 5— N

1f4c) and the pump can no longer reduce the pressure over the-i'w

B

over the llquid hellum bath w111 be malntalned at thatr

as va1Ve A remalns closed the pressure

g present in the reserv01r.e By careful adjustment of the" h
'f_valves the temperature of the lig?id hellum bath could be '

:tslowly decreased from about % 2K to about 1 BOK,;.Q

It is important that the temperature change occurs

very slowly. Thls malntalns the sample and the bath 1n

;,thermal e&ulllbrlum (or very close to thermal equllibrlum),.ff~
B and ensures that the temperature of the bath 1s unrform and
”j‘corresponds correctly to the Vapour pressure measured above ;Fhﬁ
f:the bath., Pumping too quickly leads to temperature ‘. i
| ”'gradients in the liquid>xe1g1um and the, temperature 1nd1cated

o,

B
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::7wby the vapour pressure will not be the same as the actual

‘4fitemperature of the sample-,gg:f:ﬁ.V

L

The temperature was determined in the first few Q i

";ﬁruns, from the vapour pressure over the li’u1d helium bath

T'The pressure Was measured with a mercury manometer and

:’iconverted to memperature uSing a- standard set of tables:fv o
‘;il[Brickwedde @L_Qll 1960] .‘;’?fw'df"'~<?ﬁ?iﬁfli';{"il":i -

-f‘fre51stancepthermometer were qnployed to determine

rfdevices,fade recording the temperature on the:chart recorder ﬁti

7t¢much easier for one person to manage.. It was very diffioultv -

v .
For con'enience and accuracy, two types of

% -'L

re in later runs.. The 1nstallation of these

B o

'mahfor one’person to follow the manometer and the attenuation

"‘_,:reSistance thermometer (#904) which had been calibrated with

'vfjthermom'ter (CGR-'

ﬂfdthermometer'during'the experiment.a

%Trecorder simultaneously Also, the position of the pressure
'1sensor in the pumping 1ine (see figure 5 3) may have

. resulted inbsome question ahOut the accuracy of the pressure

: l :

Two types of‘thermometer were used.3 A germanium

S f11968] f The other sensor was a carbon Glass res{'tance ;Qf ER

;“500 #q5176 from Lake-Bhore Cryotronics i;rﬁ

The Carbon-Glass



These thermometers were taped to the brass block of

the sample holder (flgure 5- 2b) 7 Puttlng the thermbmeters
in dlrect contact with the sample holder, and very close to'
the sample ensures that the temperature detected by the

sensors is as close as p0551ble to the actual temperature of.. - -

the sample. _ffc:”lf | . S

:( The reslstance of each thermometer was measured

uSLng a four-term1nal Potentlometrlc Conductance Brldge‘(PcB /

Bridge) made by the s H. E corporatlon. Two such brldge ”féi?:

were used so that each thermometer could be monltored
s

51multaneously f The brldges were checked for accuracy

' agalnst a standard Four Termlnal Varlable Re51stor ti'

9801-T from Gulldllne Instruments Ltd



“’The transducer was bonded to the sample w1th

7@ 5111cone grease _and the sample was then placed 1nto the

'l

The Pulse Generator and Recelver were»then tuned

o and the ga1n adjusted to obtaln the best possible echoe,.;if'%@

y The pressure of the electrodes agalnst the sample and

transducer was also adjusted 1f necessary to 1mproVe the_d:_
"7?echoes.g If the echoes were cf Very poor quallty, or thereffffh

were ‘no- echoes at all the bond was remade, and the sampleffi°“

B T ST S
holder reassembled.yr_ ;,g -3_f?g:, ,3335; ,;,;f;,;w*“

When a reasonable echo pattern was obtained at roomv

temperature, the sample was lmmersed in a bath of llquid

’s

s;.\lquid helium If the echoes were unsatisfactory at liquid_ﬂ

that if the echoes were of:even marqinalfquality at 77K,

'flj there was a Eeasonahly good chanc that they would imprOVe




'”;twere not good enough, orlfj

'rllost altogether then,:

I'the space of several hours

K T NI
S e oo e
E-4 ‘ Y A Jo

when cooled to llquld hellum temperatures. If the eéhoes ?ffgjﬂ”f

ﬁ N

d}ond broke and the echoes_were

f course the sampleihad to be warmed

’.?;back up to room temperaturel_ The lquld hellum was bolled

9;off and the above procedures repeated . a‘;J:»f;'fj];;:i_

When the echoes were strong enough to allow ’

&

'j’attenuatlon measurements to be made the hellum dewar was'

ERAR 2

pfllled the rest of the way Thls prov1ded enough hellumvto }ffjfﬁ

13 ‘

imake two or three scans from about 4 2K to about 1 8K over

After the: helium had been transferred the vacuum
WE

:system was set up to pump on the hellum bath and the chart

'-jrecorder on the Automatlc Attenuatlon Recorder turned on

“AS the temperature was slowly decreased the chart

;recorder made a contlnudus rLéord of the attenuatlon 1n theéﬁf
“? fsample. The attenuatlon 1n the sample was matched to the |
'ﬁrcorrespondlng temperature 1n the sample by readlng elther
‘Q”the vapour Pressure from the mercury manometer,jon runs #l-.g'7ﬁ47

,Ia:;, or the value dlspiayed by the conductance brldge, on

E later runs,.and marklng thls readlng dlrectly on the chart yhl fdt

dfrecordlng After the experlmentowas flnlshed these vappure,:f“ff
'fpressure, or conductance, values could be converted to
”Jtemperatures, and a graph}of attenuatlon as a functlon of »

w:_temperature could be drawn

,%r the most accurate determlnatlon of the

s




' ”h';j}?[f/ﬂ§j,:f,ifﬁﬁ;,Ei R B IR T
temperature at the sample the ultrasonlc attenuatlon was"'
htjﬂ recorded only when scannlng downwards 1n temperature”'lihe

bath was then warmed back'up to about 4K and the temperature-
”i;: allowed to stablllze before the next run commenced Thls _
'"tfffprocedure 1s necessitated by the thermal oradlents present -i
niiln the llquld hellum as the bath warms up._ The vapour :
‘fibpressure over thy hellum w111 no longer be related to the‘ff*fﬁ

t”ftemperature of the hellum bath esperlally if the bath is ;'

",‘warmed by clrculatlng exohanqe gas.muah



‘two runs were

Qfgermanlum thermomete'

'."'4%

RESULTS N L

W1th the equlpment and procedures descrlbed 1n the

eVLous-sect;ons measurable echoes were obtalned at llquld

fhelium temperatures on three separate occa51ons.u The flrst

1ﬂe w1th a 10 MHz transducer, whlle a’. 15 MHz

, jtrahsducer was“employed 1n 1ater runs.. The change of

I

: ﬁ;ftFansducers was nece551tated when the 10 MHz transducer wasf“’h

-e e

L

;éf;broken durlng the preparatlon for a run.ﬁ Three squares were f]f
"'E;then cut from a rectangular plece of 15 MHz transducer -
';materlal and shaped 1nto dxsks 3mm 1n dlameter., These i

-a{‘transducers were used in the later runs, whlch were made

”.dseveral weeks after the'lnltlal runs at 10 MHz.gf~V

ﬂhlle the ultra ‘nlc attenuatlon was belng measured

"7,the carbon-glass thermﬁheter Was callbrated agalnst the

1*Dur1ng thls callbratlon the vapour
. ‘/f{“ '.-"" S

"'4pressure abou.,tﬁé lquld hellum bath was also noted Thxs

-),fwas done 1n ond@r to cbmpare the temperature, as 1nd1cated

/ .

,.‘

fﬁy the vapoq; pressure, to the temperature giv£n by the }3f‘

: callbratediQermanlum thermometer.v It ‘was’ found that the:"';

- "y, é}

*;{,germanxﬁh thermometer agreed wlth the vapour pressure to
”;ﬁw1t?§n abdut 30 mK (or‘iess than 1%), when the temperature
1was changlng slowly. When the temperature changed more

‘T.rapldly (above 4K) the two results dlffered by no morefthan %:ff

e
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.“f,ftemperature and the bond remade after the first run.-
R | v
:»both cases the echo train con51sted of three fairly strong
':gf:echoes.. The echoes were separated 1n time by about 3 0

v“;gz;microseconds, Wthh glves a value of (5 2 o 7)x105

' fluctuation, of large magnitude, 1n thé attenuatio’

S 17K. }

'}?2 17K and the broad attenuation peak at 2. 85K, also app'ar

:{ in runs #2 and #3. These two runs were made three days

d'k]was scanned three times, w1th the sample warmed to room

- ’Q

e

7‘for the veloc1ty of the sound waves in the 8pe01men.__tgﬁ":"

', The first thing one notices about the curves 1n

:ffigure 6 1 is. the amount of fluctuation present 1n thejjﬁ' |
'?lattenuation.; At flrst glance, there does not appear to be '
&3;much of 1nterest g01ng on.- Closer 1nspectlon of the curVes,j'f

”;;however, shows three features of 1nterest.v_fjf'

Two peaks can be seen to rise up we11 above the Tt

\
v

5{ilother fluctuations in’ run #1.. One peak 1s at aboft 3 9K and'ff

";the other 1s at about 2 85K.; There 1s also a a ve y rapid

at about

Two of these feature5°- the rapid fluctuations"

"later after the sample had been warmed to room temperature
. :and the bond remade.: Although the large péak at about 3 9K
-:Fis not really evident in the other two runs, there 1s a.
'Titcertain amount of fluctuation in- the attenuation in thisa;fi"dlw

¢,region ihlzhese runs. F-f [ERER

The peak at 3 9K would seem to correspond to the:ﬁe7ﬁ -




B V?7:this temperaturelﬁn;CeAlz. If this 1s the case, lt is odd
R R i
: '_Q-that the tranSition does not show up more strongly 1n the:

1n all three runs.

The extreme variation of the attenuation, beqinning

just above 2K, that occurs 1n all three runs can be

assoc1ated with the x-p01nt of liquid helium The helium _
bath separates 1nto helium I and the superfluid helium II ati;;f

gs temperature. Since the CeAlz sample is 1n direct

’éontact w1th the 1iqu1d helium it is not surpriSing that the;;ii
attenuaticn 1n the sample could be 1nfluenced by the E

'fi agitation 1n the bath during the transition. HaVing been.
";;Jri alerqggiby the results of the first run, a CIOSe watch was

‘ﬁ

'*xhkepfktlfthe helium bath in runs two and three.; The helium 7ﬁ A

was observed to be in a very agitated state (i e._in

tranSition) when these rapid fluctuatiOns in the attenuation

were occurring. ;{lﬁ?:f7f77;7'
| It is also possible that the superfluid HeII could
'7»ﬂ\ penetrate (v1a microcracks) the sample itself.'JThis

possibility is 1ndicated by the continuation of the

attenuation to fluctuate below thv x-point transition.




‘H.f’:that 1s, 1tireappears even after’the sample had been warmed :

[

lkfdf:to room temperature, 1t would seem that there is a’ phase

'fti?tran51tlon of some sort 1n the sample at that temperature.ﬁﬁj

Lo There are, however, several p01nts to con51der about
Jthis po551b111ty .A | | -
Flrst of all fhere are no. corresponding anomalles _ﬁfﬁ

?freported at thls temperatureﬂ,ln the other transport

ﬁjipropertles. Re81st1v1ty, thermal conduct1v1ty [Bauer t

':Vj1982]: susceptlblllty [Barbara g__glL 1977],_and spec1f1c

N ,))- \Jl,

tfp‘heat [Armbruster & Steglich 1978} are all smooth in thlsby_ﬁﬁ}f:
'*freglon,_although they show the tran51tion at 3 9K.

: Another con51derat10n 1s the shape of the 5eaks

Rt fthemselves.” The three peaks at 2 9K are a11 rather broad

'[and do not resemble the shape expected (flgure 4-4) for a

ftfmagnetlc tran51t1on._ They do not have the very sharp peak ffffg

‘ "Q;5and the negatlve curvature 1ndlcat1ve of the logarlthmlc

“;~p,:dependence expected frOM'equatlon 4'11‘.;ftfi;¥t

W1th these resulﬁs 1n mlnd the 15 MHz transduce'
:'were preparJd to contlnue the 1nvest1gat10n of thls reglon{f7il”
" Durlﬁg the attempts to produce workable echoes at

3;10w temperatures w1th the new transducers, 1t was observed:*wfjﬁ

‘““fthat the cracklng on the surface of’the sample was becomzng;-‘“

‘ff moHe extensive.: Cracks had begun to appear on the pollshed"fng

t<:pends of the sample.~ Although there had been some tiny




t‘fﬂ“iechoes 1n the sample._ The attgnuation was large enough thatf

”7{gwhen one good echo was found at llquid helium temperatures,';i'w

' It was also much moreddifficult to get asurable

"fﬂfkit was decided to 51t on 1t and measurea”he'attenuation with

"7}'the bsingle echoffoption on the Attenuation Recorder.“:.

”sjhigheight of the echo peaqu;s compared w1th a constant

‘ﬁlfinternal voltage to ﬁind the attenuation.- Only changes in

,t“f'an overall increase 1n attenuation as the temperature is

.“7fhowever, 1s clearIY absent-w The only feature these curves

'17,]>haVe 1n common with those 1n figure 6 1 is the rapid

'fattenuatlon can be measured With this technique.

The attenuation curves resulting from three scans of

”.t the 2 4K temperature range, at 15 MHz, are shoWn in figuge

;ull three curves have the same general shape, showing

‘“ffdecreased._ The structure eV1dent 1n the first three runs,_:

“'f.klfluctuation of the attenuation below the‘ALpoint.u The

'"7jattenuation peaks at 2 9K and 3u9K aré’no longer seen.g
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'“ffjfresults we con51der two factors'7 the gradual deterioration e
,“‘iifand cracking of the sample, and the incommensurate magnetic"

““%ﬁfff;orderlng of CeAlz';~i;Qﬁf1;”‘V'V

”f?In ord'r to suggest a possible explanation;for theseig;f

iVﬂ;This 1ncommensurate ordering of the magnetic momentsf'ould

‘"’iflead to an 1nternal strain oh the crystal. The ani_otropy

”"'f;fof the interng% magnetic field 1s known to be quite large

Q[Barbara et al, 1977] Such an internal strain could

”Affgradually build up 1n the sample as the temperature is

”1;rslow1y decreased. The peak in the attenuation at 2 9K couldﬁiif

u

'ffjthen be an 1nd1cation of the p01nt where the 1nterna1 strainﬁ*ﬁi

v:'Lﬁthree runs.a It is shifted only slightly higher in

:%i_M_ftemperature (from 2 BSK to 2 9K) hetween runs #1 and #2.

%'3_catastrophica11y change the microstructure of the4sample,;'

"ufiis p0851b1e that the temperature at'which the ”train is f

i?;had built up to such a level thac the crystals either

;nfractured or shifted to relieve the strain.;gff;;fﬁﬂffﬁifj

We note that the anomalous attenuation peak in

':f;;figure 6-1 occurs at essentially the same temperature in all“

B

If the release of the strain dOes not

;*?ﬂ}freleased would not change too much overtconsecutiv“ runs‘ RPN

f@ﬂfFrequent cooling and warming offthe sample, however/ WOﬂld

'fffcontinue to weaken the sample,iin'reasing the :icrocracking



“'7--measurement of‘ say,rre51st1v1ty over the range 4 300K_

and cracklng to the p01nt~Where the degradatlon of the

: under straln. f’p,qi'ybfj ';3.“'9-'f*i§12u1*7

Q . L
sample would be suff1c1ent to dlsgulse any st;ucture 1n the:ﬁ“"

ultrasonlc attenuatlon.?j*i"

ce e

53, The overall degradatlon of the sample noted above 1s

‘ probably contrlbuted to by other*factors 1n addltlon to the S

straln 1nduced by the magnetlc orderlnga Thermal expan51on

(Croft gt aL. 1978A] and the large anlsotroplc

i magnetostrlctlon [Croft et al 1978 Zleglowskl et al 1987]

can be expected to contrlbute to the degradatlon of the tfﬁfﬁyf

: crystahbduring cycllng betweon hellum temperatures and room

o temperature. other experlmentallsts have experlenced :i};ﬂffV

sim11ar degradatlon problems when measﬂnrng the transport

: properties Qf CeA12 down to llquld hellﬁﬁ temperatures ﬁ:..l._

(Onuki 1986] It 1s very dlfflcult to get a contlnuous :Q?Lff

There 1s ‘no. 1nd1catlon 1n any of the curves of a

j second phase tran81t10n near the Neel p01nt. Thls 1s not to g

say, however5 that suchca transitlon does not ex1st.. It may.”*:

' be that 1n zero field the transitlon 1s too close to the

' h:; Neel peak to be distiwguished. When the rqps were made 1n a.







'33fhe11um temperatures.,;[ ot
. These measurements haye shown an anomalous peakvln‘}*i
”f5jthe ultrasonlc attenuatlon at 2 9K.u However, befgre

"“#detalled measurements on 1ts behav1our 1n a magneﬂlc fleld .

‘fﬂcould be made, the cond1t1on of the sample had deterlorated :“;"

Ao
Z

“to the poxnt where even the Neel p01nt could not be seen.
"““_le deterloratldh also prevented any detailed
1gatlon of the magnetlc phase dlagram.. There was no

'f'tev1dence, however, 1n Zero fleld of a second tran51tlon

V'near the Neel p01nt.,; p

fﬂ}wté @ The shape-c the peak at 2 9K along w1th the

R ev1d$nce of the other transport propertles seemed to rule
pwjrxﬁﬁﬁh 15\41H$

% _
out a’ magnetlc tran51t10n at thls poznt It was suggested

that the anommensurate nature of the magnetlc ordering
. : : x‘ T ’

j,ly,ﬂf could cause an 1nterna1 straln on the sample._ The peak at
N 2 9K could then 1nd1cate the p01nt where the crystals 1n the

f;‘sample Shifted 5%_¢,,1ked to relleve the strain.j*;[ e

hfg;{r~ i}- It is‘also'possible, of course, that the peak at

2 9K was dﬁe to some otheb”effect. somethlng more 1nherent
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