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ABSTRACT
) 63

Nﬁglear magnetic relaxation of.Cu in dilute EifCu_alloys‘
has been measured in the tempe?ature'raﬁg¢.2.1°K—300°K.  Tﬁe>
observed spin éché comes from nucléi in the ﬁings'of the -
doméih Walls in zero appléed field andnfrém nuclei initﬁe
_Safgrated bulk in.large egéernal field. The longitudinal
relaxaﬁion rate was féund to be proportional to‘the temperafure:
.in‘bo£h-casés. We find TlT=O;l sec °K and 1.02:t .10 sec °K
for zéfo and high.external fiéld respectiveiy. The differénce

between these rates is attributed to a mechanism‘involving_

the domain walls. Comparison of the high field rate is made

. with Moriya's calculation for pure transition metsl ferro-

\

magnets. It is concluded that there is little or no contri-

.fbution from the d band to the relaxation of an isolated Cu inNi;

This strongly suggests that a Cu atom in Ni has no local moment.
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I. INTEODUCTION
Nuélgaf.maghetic'resonance‘in the internal field of a ferro-
magnet prg?ides a pdwerful tool for ihvesfigating‘tﬁe intefactionsi
in the féfromagnétic state.l The fluctuations. in this field‘éan be
sﬁudiéd 5y:observing the rela#afion rate-of the npclear‘sbin., Nuclear

" magnetic relaxation has been measured for the pure 3d ferromagnetic metals?S

. . , Lo
and for.some.3d transition impurities in these metals. 6 Moriya7
has calculated the‘eXpected relaxation.rates for Fe, Ni, and Co and

has achieved_rémarkably.good agreement with gxperiment (see Section V).

55

ﬁelaxatign méasurements5 on_an in Fe, undeitaken to help clear up this
complicated'siﬁuation, ﬁncovefed new complexities. Ni-Cu was chosen.for
the p?eéenf‘ihvestigatiOn_in an attémpt to extend the range of agree—
ment with‘theory to this rather simple alloyAsystem.‘whose'magﬁetization,
for instance?.is in'agréement with thé rigid‘band mo;el up to large Cu
cdncentrations. Tﬁat Ni and Cu have similar properties is indicated-
by the fécé that they form a complete'series‘of Solid solutions and have
very similaf 5and structures. - The difference is that Ni hés 0.5k héles
in the 3d+ band, while_the 3d band of Cu»is full.

The results of the presenf relaxation study are éonsistentvwith a
picturg Qf Ni-Cu, in which én isolated Cu has all, or nearly all, of
its d states filled. This modei will be defeloPed in Section V.

o 'II. EXPERIMENT .
A. Samples

The experiments on pure Ni were done with Johnson—Matthéy'99.999%

Ni spongebas received. Of the Ni-Cu samples, the 2.5% and 5% Cu

samples were obtained in rod form from the Materials Research Corporation.
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The l% and 2% alloys were melted from éowderstin a 4% Hé, 96% He reducing

aﬁﬁoépheﬁé,v‘They were-théﬁ”cooled as quickly as the furnace would allow
and réiSedlto a teﬁperature about:30°C 5élow'the meltihg boint fof a

day fo%.ﬁomogenizatioh. "Al1l four alloy samples'Were ground égainst 120
mesh éluminé abrasive péper and strain annealed in a_vécuum of:about
1d"h>Torr;a£ 600°C f&r a half hour. | |

B. Apparatus:

A 5iock diagfam of the apparatus is shown in Figt la. The‘oscillator
is an Arenbérg PGSSO pulsed oscillator, which nominallyvdelivers 100 watts
of rf powér. The narrow bahd pfefamplifier and wide~band'amplifier are
also made by Arenberé.. The netwqu'for coupling tolfhe sample is
illustrated‘in_Fig. lb; The diodes and tuned lines.diréct the_rf'power
into the sample during transmission and into.the receiver duringvreception.
To achiéfevmaximum-rf power in-the'sample, it is matched to the 500
characteristic impedance of the 1ine. This is doﬁe by cancelling out
the féactive.impedance-with a capacitor, thgreby enhancing the input_
and outputVQOItagés by the Q of the circuit, The Q at_52 MHz is about 12.
The induc#ance is chésén to satisfy'R=wL/Q=SOQ. With the samﬁle resonant
cifcuit mat¢ﬁed td'the chéfaoteristic impedance §f the coaxial line
léadiﬁg déﬁn into the dewar, the lenéth of this liﬁe is immatérial.

Since the Arehbergvoscillator is pulsed, itj&as not possible to
use phasé coherent detection. vInstead; the precision attenuaﬁor and
Loas ampiifier shqwn'in'Fig..la were used to.measure.the signal amplitude
accufateiy: The attenuatbr is adjusted to keep_the rf power to the
detector constant to within the 14B stégg_of fhe étﬁenuator. Within

this'fange, the response of the détector (found to be nearly square law)
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can. be used to make a sméll correction to the.attenuator.reading. A box-
car integrator wasvuséd to improve the signal-to-noise fatio. Because
the relaxétion times are of order 105 times fhé echo width, a digital o7
,pulse‘délay unit based on a 1MHz crystal osciliator was used ﬁo accurately
positionlfhe boxcar'gate 6n'the echo. ;"
III. MEASUREMENT OF LONGITUDINAL RELAXATION IN A FERROMAGNET
| A. Domain Wall and Bulk Resonance |

In a multidomain ferromagnetic metal, the nucléar resonance signal
is dominated by nuclei in the domain walls;l ‘This is due to shielding
of the domain bulk from the applied rf. field by the motion of the domain
walls. In adaition, the_wall enhancement factor is much larger than that
of the bulk.

| . The present'sﬁudy was directed toﬁard measufing the longitudinal

relaiation_rate of_nﬁclei in the domain bulk._ Nuclei in the domain
walls.reiak rapidly B&‘pfocesses peculiaf to the wail.8 Doméin
relaxaﬁibﬁ is céuséa'by fluctuations of‘thé interactions-in the bulk and
is,thusfbf mqre fuﬁaaméﬁtéi interest. It is élso the domain relaxation
rate whiéh'is to_bé comﬁared with Moriya's calcuiations;vwhich pertain
to bﬁlkvmechanisms.‘.. o

The enhancement factor in a domain wall arigeé erm the hyperfine

field following the wall magnetization which is driven by the applied

a0 1,9

P where 6(z) is the direction

rf field. It is thus proportional to
of magnetizationvgding through the wall, and so decreases going from
‘the center of the wall to the wings. If oné uses large rf fields with

long pulse times, the spins in the center of the walls are driven

through,many rotations; which tends to cancel out the reéulting echo;

.
s
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spins with’ énhancement factors such that“6=nYhH1T‘§ 23 where n is the

‘enhancemehtvfactor,'yn is the nuclear gyromagnetic ratio,‘Hl is the

circular éomponent of the rf field, and T’is‘thé pulse length, are
under optimallcondftions. Thus, the larger the rf field, the larger is
. . “ .

the contribution to the signal from spinslwith lower enhancement, i. e.,

- farther out of the wall. Nevertheless, the center wall signal predominates

for small times. This signal relaxes fast by wall processes, which
decrease in effectiveness as one goes out of the domain wali.8 This

leéds to a decreasing relaxation rate as the fast relaxing signal dies

away. One would expect that far enough out in the wall, the relaxation

isAdominatedvby bulk processes, leading to a constant relaxation rate
and eiponential decay. This behavior has been obser?ed‘invthe present
253 observed this behavior in Fe,
Co, and Ni and considered the high éower—long time relaxation'tb<give
the "bulk' value. |

" One cén:drive out the Wallé_by appiying an external dé magnetic -
fieid.f Due ﬁo‘crystélline imperfectioﬁs which acf io impede wall
motiog,;it is pqssible-for walls to be ?resent in fields considerably

above the demagnetizing field. One cquld ignore these pinned walls

vfor_the,rf field.parallel to the saturating field. However,'the
domain enhancement is very small in this configuration. No signal was

observed from Cu in Ni in a dc field of several kG in the pafallel'-

configuration. In perpendicular field it is possible that the pinned
walls would be free to respond to the rf field. However, it seems
unlikely'ﬁhat these pinned walls would be very mobile. Therefore, they

do not experience much enhancement and are not ‘able to shield the rest
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of the particle from the rf field. In a perpendicular field of 6kG,.

with an rf level, H. ~ 1LG., the Cu63 echo in a Ni-2% Cu sample was

1
found to be a maximum for both rf pulses about 2 is long. The domain
enhancemeﬁﬁ‘factor is Hn/Ho=h7/6z8, where Hn is the.hyperfine field of an
isolaﬁed Cu atom in Ni and H_ is'the applied field. - These numbers
yield 6$nYnHlT ~ g3 which.indicatgs that the nuclei'in the magnefically
saturétioﬁv bulk are responsible for the observed echo. Longitudinal
rélaxation measurement‘in the magnetically saturated buik is illusﬁrated
inKFig. 25. The rélaxation is quite_exponeﬁtial as a result of the
unique‘dbmain bulk reléxation rate, The fast initial rglaxation is due
to incompléte'saturationlo because of the low domain enhancement factor.
The excitatibn diffuses into the unsaturated part of the line causing
a rapid'initial recovery of z magnetization.

Further'evidence that thevresénanée comes froﬁ nuclei in the walls
in_éero épplied field and in the bulk in large applied fields comes
from the,field'deféndence of the reéonahﬁ frequency} Fig, 3.1; As .
Portis and Gossard féupd for Col, thé curve 1is flat up £o the coercive
field, fbr a:Ni sphere equai to hﬂM/3=2kG, while the signal intensiéy
decreases rapidly due #o dfiying out of the walls. ‘At higherAfields,
the signéi'gomes from.saturated ddmains. Alignment of_thesevdomains is
done at the:cost ofidemagnetizing energy. and anisdtropy energy,
dependingion the orientation of the particle with resfecﬁ to the field.
For small aeviations from the easy [111} direction§ Ha= —hKl/3M:2kG.
The partié;es are mostly magnetized for H > H + LuM/3> LkG. As seen
in Fig. 3; for botthi in pure Ni and Cu—in Ni-Cu, the frequenc& is

linear with field above 4kG (with the correct yn), indicating that the
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resonant nucleil fesidevin the bulk and feel the full applied fiéld.

B. Method--Saturation Versus Stimulated Echo

The longitudinal relaxation time, Tl; can be measured in two ways.'

I the saturation method, the spin echol2.is used to monitor the

recovéry of the z—magnetization, followiﬂgvits saturation by a "com "

of rf pulses; typically numbering twenty of width five times the echd
producigg-pulseé. The other method_uses the stimulated echo,le'inv
which a péir of rf pulses, separated b& T,'séts up é modulation of the

Z magnetiéation, which 1s allowed tovdecay for a time, t. The extent

6f this mOduiation remaining is indicated by the'amplitude of the
stimulafed echo observed a time T after another rf pulse. The relaxation

rate of the stimulated echo, for small T, is given by:9

1 1 2
-T——— = T + )-”TD\) T ,
se - 1

where Dv is the constant for diffusion in frequency. In these experiments,
. . - \

the pulse separation was made small enough so that the diffusion term

- was less than 1% of the Tl’term.' Thus the measured relaxation time v

can beiconSidered the stimulated echo value of Tl,

Tl‘of Ni6l in pure Ni'was meaSufed by #hese twovmethods as. a
function of.eXte;nal field, as shownbin Fig. 4. 1In zépo field, the":
results are in faif égreement, with the saturatién methéd indicating
somewhat ngwer relaxation. . On applying a sﬁétic-field:largé enough'
to satufaté'the domains, the stimulated echo réte sﬁays gssentially B
constaﬁt; while that by saturation shows a significant décreaée. Since

different relaxation mechanisms add to the relaXation réte, the smaller

rate‘meaSured by saturation must be considered an upper.limit on the
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' domaip'bulk rate. In the eveﬁt of incémplete.saturation; as'might
occur for"the loﬁ enhéncemeﬁt nuciei in the saturated bulks, there will
bé a fast ihitial relaxation rate due to diffusion in. frequency of the
excited nuclei to the unexcited one.lo .However, since this can énly

: inérease the oBsefved rate, the saturatién method stiil p?ovides an
upper Bdund on the intrinsic'doﬁain rate. Thefeforé, the saturation

method is presumed preferable for measuring T, , particularly in an

1°
applied field. |

Similar behavior of the Nisl relaxation in the 2% Ni-Cu alloy was
observed by the two methods. The stimulated echo rafe is larger and
roughiy cbnstant as a function of field. In extéfnal fields of 3%G or
more, values of the relaxation measured by the saturation method agree
with thoég in pﬁre'Ni, i. e., leﬁ 35 ms at L. 2°K.

| IV. EXPERIMENTAL RESULTS

Thé:iongitudinal.relaxaﬁion data previously reportedlB for Cu63 in a
. é%'yifCu'sample was measured in zero exferﬁal field_using the stimuléted
.echO'fechniéué at 2:l,lh.é, TT, and 300°K. The near equality of the zero
field relaxation rates foUnd by the two methods for Ni6l indicates tﬁat
these'étimulated.échd-data can be taken as the zerdbfield "bulk" values.
The datazare in fair agreemént with a rélation T1T¥conSt._as shown. in
~Fig. 5. Tﬁe signal-to-noise ratio is better at low £emperatureé, so the

45° line is heavily weighted to these date, giving a Value’

)7 =10 sec™t 9K_l.

(T, T
Longitudinal relaxation of Cu63 in applied fields of several kG and

more has been measured in four alloys: ‘1, 2, 2.5, and ‘5% Cu at 2.1,

h.2,fand T7°K. The domain-signal in a field is much weaker than the
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zero field wall signal, SO the:reiaxation wa;xmeaéured at 77°K

only in the 5% ailoy, where the signal—té—noise ratio was large enough
to get réasdnable accuracy. In applied fields of’greaﬁer than th,
-ai'previously concluded|frbm the field dependence of the resénqnt

ffequency‘and the observed enhancement.fécfdr, the signal arises

from bulk nuclei. 1In this regime, there is a small decrease‘ih the
relaxation rate with increasing field. Although this dependence
appears to be real, it is almost masked by the experimental errof; This

slight field dependence will be-ignored; and a meaﬁ‘Value in the 6-8

kG region will be taken as the high fieldybulk réléxation rate.
Similarly, constantlhigh field rglaxaﬁion rates have been reported

by Salamon6 and Jaccarino, g§_§lgl3 ‘The high field rates, divided by
the temperature, are shown in Fig; 6, as a function ovau concentration.‘_
The errof.bars represent the combined uncertéinty dué to scatfer of
the‘dataﬂabout expénential relaxation and variatioﬁ in the 6—8 kG range.
The data 6bey the relation TlT=conét. for each conéentrgtion within’
“the indicated error. It is not’ understood why the42% sample shows

a higher faﬁe. With ho‘clear dependenpe on concentrétién, fhe measured
relaxatiqn fate_ié cohcluded to be independeht of concentration'uﬁ to
5% Cu. :The mean value of this rate and r.m.s. déiiaﬁion are determined
by.weighting,the data.inversely to the eétiméted efror, The highjfield'
reiaxation‘rate of.dilufe Cu in Ni is: (TlT)_lé(O.98t.lO) sec—_l °K—l.
V. INTERPRETATION
'Mbriya7‘h&s céléulatéd the expectgd longitudinél relaxationvrafe-

.in the ferromagnetic transition mefals,.Fe, Co; éﬁd Ni. He concludes

+ that-the primary contribution to the relaxation is from thermal fluctua-
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" tions of the orb&tal field at the nucléus'produced'by the d.band

electrons, which are treated in tﬁe tight binding approXimafion.

Korringa relaxation by the ks conduction electrpns via the Fermi

cqntact interaction ié sometimes appreciable, while other mechanisms,

such as dipolar ané spin wéve'related mechaﬁisms,vwere_foﬁnd to be
négligible.. Since 5oth orbital and Korringa rates;‘as direct processes,
are broportidnal to the absolute temperafufe as well as thevSQuare of
nuclear coupling, Yn’ it is convenient ﬁo cdnsider.the relaxation rate

in the form (YiTlT)—l

x 107, which shall be designated R. This

expressién, which is prOpoftional to the square of the thermally
'fluctuating field at the nucleus, faciliﬁates coméarison.of the.
relaxation rates in different materials.

After account is taken for the mistakes in the original paper,

involving the densities of states, Moriya calculated for the orbital

T Ni

R, 7 = 8. The value of the s contact relaxation
d - orb.

‘relaxation in Ni:

in Ni estimated from' the kriown values for’Cﬁ'and again corrected for

the mistake in the density of states, is R Ni = 0.2. The experi-
: - , s contact .
e e e b oNi_ Nio, . N

megtal values for Ni are RH=O = 15, Rhigh—H*lO' Thus, in Nl, the s

contact mééhanism is negliéible in comparison to the d orbital relaxation.
The high—fiéld reléxatidn»ratetwhiCh,Iit'has beén grgued, is the
intrinsic domain rate‘ébpropriage touﬁhe calculatioh; is in agreement
with the caléulated 4 orbital rate within the accufaéy of the estimate,
~indicated by Moriya, of about 50%. Thus, the high field relaxation

in Ni canvbe‘COnsidered satisfaétorily undefstood.

The experimental rates for dilute Cu in Ni, given in Section IV are

RCu 52@0, Rg?gh H=O.l9 ¥ 0.02. The excess relaxation rate for Zero field

H=0
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over that at high field is attributed to a mechanism related to the domain
wails, whose thermal motion relaxes the nuclei in the wings of the walls,
‘where the high—power, long-time signal originateé‘in zero field. For Cu

in Ni, this wall rate, taken as the difference between the zero and high

*{field rateg is 1.8 while for pure Ni it is 5. ©Since R is proportional

to the square of the fluctuating field at the nucleus and motion of the
wall is involved, it is reasonable to assume this field to be proportional
to the total field at the nucleus, Hn. These hyperfine fields aré 75 kG

15

for Ni and MT kG for Cu in Ni. Thus, one would expect

VRS:ll/ S;ll ‘gu/HNl 0;39 Experimepta;;y, the ratio of excess relaxation
rates attrlbuted to the wall is 0.36. This surprisingly good agreement
suggests;thaﬁ this excess relaxatlon is due to rigid thermal motion
of the walls. | |

How do fhe d OrBital-and s contact méchaﬁisms.céhtribute to the
high field Cu in Ni rgte? With'a najve interpretation of the rigid band
model, oﬁe ﬁight'estimate the relaxétion rafevof Cu in Ni by insérting
the pure Ni density of states at a hlgher EF’ correspondlng to the alloy's
higher electron concentratlon, into the expres51ons for the 4 orbital
and s contacﬁ contributions to‘the relagatlon. S;nce Nd(a) varies
'fapidly in‘energy; the possibility that the émall rate for Cu in Ni
refle;ts a dip iﬁ Nd(eF) mﬁsf be considered. The copéentration independence
of the low rate argﬁés against this, as one would have to assume that
Nd(eF) droﬁs.abruptly with 1% Cu and then remainé neafly‘constant up.to
5% Cu. Furthermore; the Ni relaxation fate was measured in high field

in the12% Cu alloy and was found to be close to the pure Ni high-field value.

This indicates a considerable d density at the Ni sites in the alloy.
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ThisiresUlt is readily‘ﬁnderstandable ifmoné considérs the screening
~of an isélated Cu impurity iniNi. The Cu, because éf its greater Coulomb
potential,Awiil attract an extra electron intovits neiéhbérhood.. Because
of the high'density of states in the d band of ﬁi,'the“screening~wi11 e
be doﬁe appr?ximately 90% by the 4 band, 10% by fhe‘s‘band. However,
since the Ni atoms have-only 0.54 d nholes, the Cﬁ'can accommodate oﬁly 
0.5k 6f_the,0.9 d screenipg electrgns béfore ifs d ;tates are filled-up._
The remaininé O.36~screening_d electrons are forced out to the Ni
neighbors, ﬁhereby reduciné their moments. It can be assumed the Ni
neighbors_ﬁhose resonant frequency is draéticglly shifted by this
diminution of moment'ére not observed in the main Ni resonance. Similarly,
“the densi£y of étaﬁesi and hence reia%ation rate, of ﬁhe Ni nuclei
left in the resonance 1ine.will.not be much affected By_the presence of.
the Cu, as is observed. |

| In this  screening picture, there is no possibility of d orbital
.relaxatipn; ihvdl§ing fluctuatiqns of the orbitai fiéld at the nucleus,
-as the dvétates of the Cu atom aré continually filiéd. Thus, oniy s
contact reléxatiéh from fhe conduction electrons is allowed. The
expected é'éontact relaxation rate can Be estimated from the obéerved
relaxation'raté in pure Cu, which can.bé accounted for in terms of this

17

.. 16 T . . '
mechanism. Rotary saturation measurements give: S

Cu in Cu_

PP = 1.27 * 0.10 sec®k, or R = 0.16 * 0.01.
T . expt

1
‘ ' Cu in Ni_ . ‘ '
. . - +
This 1; close tg the.present Rhigh H 0.19 * 0.02. .However,

one would expect the s contact contribution to be smaller in Ni-Cu
. because éf the smaller number of s electrons. From the prévibus

screening considerations, one can take the number of s electrons
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affecting the Cu as 0.54 s electrohs of pure Ni plus 0.1 s electrons

in the screening. One may then crudely assume the relaxation produced

by this 0. 6h’s electron scales es a free eiectron gas, i. e.,

-1 2 2/3° o
(T ) [N (E )] an /3. Further assuming (lW(O)l Y pg to be the same
as in. pure Cu, the: s contact relaxation rate for Cu in Nl is predicted

to be T4% of the pure Cu rate. Experimentally, it’is (119t20)%,

EXCESS

leaving R ~0.07 .to be explained.

This excess could be explained by assuming that more of the
screening is done by the s band although this seems»unlikely as it
would 1nvolve higher energy states. It also seems uhwarranted becausev
the calculation of the s contribution 1nvolves the local density of
s states'et the Cu 1mpur1ty5 which requires more careful_handling of
the‘screening problem. The other obvious possihility is that there is
some'd'orbitel_relexation due to incomﬁlete'filling of the 4 states of

the Cu. As previousl& mentioned, the observed relaxation is an upper .

’limit, SO R is a,factor—of—two_estimate of an upper bound on the

. excess

d contribution. Comparing Rexcessz 0.07 to the d orbital eontribution "

in Nl:R and con51der1ng the large den51ty of 4 states in the

da orbit iy
alloy Wthh would strongly scatter w1th any d holes on the Cu 1mpur1ty,

1t is clear that there is little, if any,; Cu moment.

VI. CONCLUSION
63

Nuclear'magnetic relaxation has been measured for dilute Cu™~ in

”Nl, for nuclei in the wings of the domain walls in zero external field,

and those in the saturated bulk in- high external field The excess
longitudinel relaxation in the former case as compared to the latter is
probably due to fluctuations of the hyperfine field resulting from

i
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thermalﬂmoﬁion of the domain walls. Tﬁe ddmain ldngitudinal relaxation |
rate can‘neérly be aqcounted for by s céntact relaxation by ﬁhe s bands.
This-indiéates that there is littlg or no density of Bdlstaies at an
isolated Cu impurity'in Ni, which imples that there is little of’no
d'momentfon_the Cu. -' | | .

Streevérh has measured loﬁgitudinal reiaxation in zefo éxternaf
fieldtbf dilute Ni impurities in.Fé'and Co and dilute Co in Ni. In
each of fheée cases, he.finds the»relaxation{réte (YiTlT)—l of the
impurity tovbe'less than that of the host. This is also. found in the
presept experiment. However, the explanafion in terms of the absence
of a aénsity of.states at the impurity wohld not -be expected toiﬁold
for the case of Co in Ni. Alfhough Streever's meaéﬁrements‘were made

in zero external field and thus. may include wall relaxation mechanisms,

. his value: glo in Ni

o0 =0.85 is considerably less than the calculated

Ni

5 K | T
4 orbital —_8. If guch a low Qoma;n relaxa~

d ofbital contribution: R
tion fate’were coﬁfirmed by measurements in a largé exterhal field, it
would be necessary to find a mbre general ekplanation than the'preseht
screening argumenf for the'reduced spin lattice relakation of an
impurity in'é férromagnétic alloy.

63

Nefertheless, the dégréase of the Cu longitudinal relaxation

rate in high field to a value so close to the expected Korringa s elec- O

tron raté suggests an absence of 4 band finctuations. It would be

[

interestiﬁg to measure the relaxation rates of Ag and Au impuritiés'in
Ni to see if the results agree.with the predictions of a simple
screening picture. However, in addition to the experimental difficulties

due to the small nuclear moments of Ag and Au, the interpretation would
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be compli¢ated by considerations of atémic size.
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. FIGURE CAPTIoﬁs
la. Biock diagram of thé>apéarétus.
ib._ échematic iliustration of the sample mgtching‘nétwork.
2a. Log of thé/zér$~field stimulated‘echo signal of Cu63 vs ti@é.
2b. High fieldvlongitﬁdinal,relaiaﬁion of Cu63 measured Ey the
saturation method. Thé rélaxgtion is quite exponéntial, while at
short timesp effects of incompleﬁe saturétidn are.seen.

.61

3. Resonant frequency vs external field at 4.2°K for: a) Ni — in

Ni sponge, b) Cu63

in 2% ﬁ;;cu.
L. Comparison of.the field dependence of the longitudinal'relaxatién
raté of Ni6; measured~by:_ a) thé saturation, and b) the stimulated
echo techniqué;

63

5. Zero-external field longitudinal relaxation time of the Cu

~in 2% Ni-Cu vs temperature. The 45° line represents T T=Constant.

 Fig.

1
" C o as -1 63 . o .
6. Mean high-field (TlT) of Cu~ in Ni-Cu vs Cu concentration
and temperature. The dotted lines'represenf the rms deviation:
about the solid mean, with the data weighted inversely to the

estimated error.
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