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1. Introduction 
;1 ~ 

Experimental investigations of various amorphous solids 

show that the long-time heat relaxation is probab1y one of 

those low-temperature characteristic8 (together with the heat 

capacity, the heat conductivity and other anomalies) that dis

tinguish amorphous solido from orystalline ones. Glassy-type 

pawer release Q(T1,To,t) after rapid cooling from the tempera

ture T1 to the temperature To io ap~roximately proportional to 

t-1 in a wide range of t (10-68ec ~ t ~ 10+6s e o ) . 

Up to now, th1s heat relesse was observed in vitreous 

8il1oa /1-4/, amorphoUB metaIs /6,7/, and some disordered 

organic mster1als /4,5,8/. In crystalline solids this long-t1me 

rela.::z:ation may be due to the tunnelling of dilute hydrogen 

atorna (Nb-Ti-H /4/) or due to some "glassy" properties of the 

electric-dipole system in ferroelectrics witb di!fuse phase 

transition /9,10/. 

Tbe standard tunnelling theory /11,12/ "ith a constant 

distribution function P(~ , À )=P=const of two-level systema 

(tIs) (~ ia the asymmetry energy of double-well potential,À 

i8 tbe ~elling parameter), time dependent density of sta~es 

n(E,t) = no(t) = (P/2)ln(4t/ T min ) (1) 

and power releaaed (or absorbed for T1 < To) 

... ( TI2k~24)PV(T~ - T~)t-1 (2 )Q(T1,To,t) 

( J'min is the shortest relaxet10n time, E ia the energy of 

tIs, V is the volume of the apecimen) explainB experimental 

resulta for T1 , To < 2K well, and P can be determinado (Devia
1tions from pure t- dependence are essential in ferroelectric
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• 11(T/Tf,Tb) (6/ 7( 2) • 
1exp

PbO.915LaO.085(ZrO.65TiO.35)03 (PLZT) only, where Q ~ t- • 
00 

(-t/1r	 Jr /9/). x2exp(-x)d.xmax) with T1-dependent max 

J	 
(6 ) 

Easential deviatioDE from the standard tunnelling theory (1+eXP(-x))2(1+eXP(XT/Tf-1)/(T b/T r ) ) )
 
are observed for temperatures To' T1 > 2K, which will be dis
 O 

cusaed in tbis paper. The materialB inveatigated in this tem ,íltl 11' To/T f ~ 0.1, 1 2(T / T:t , Tb) ~ 1, andol 

perature range are ahown in the table. 
24qt 

+ ~/T~ •	 (7 )Table 1 2(T1/Tf,Tb)2 2- -2 
7r kBP1111 

L1aterial t-Dependenoe !4easuring Time To' K 10 37 /Jg K ReterenoePm• 
Tt• q c	 c PV/a and m ia the apecimen maas.Q(T1,To,t)/II, p. 

Tbe universal ourve (7) corresponds to the exper1mentvitreous s1110a	 t-1 10h • 200h 0.05 4.5 13 reto 4 

PeeO:B14S16	 t-1 0.5h·. 60h 1.3 2.3 20 rei. 7 well(see fig.1 and the table).The parameters P are deter-m 
Co69Pe 4. 5Cr?S1 2 .5:B22	 

t-1 0.5h • 40h 1.3 1.2 24 reto 7 

t-0 • 76 epoxy resin 0.2h • 700h 1.1.1.9 100 16.5 reto 8 

l'LZT (polyorystalline )t-1 exp (-t/'T ) 0.1h. 5h 1.3 . 14.3 7.5 reto 9 max

q[t]/[rr2k~124t)PmT/ + To~,z 

2. !1" dependence· 

Tbe analyaia of experiments wi th T1 > 2K and To ~ 1.3K
 

leads to a modification of the tunnelling theory: the maximum
 

energy ~ c kE!Tf of the energy diatribution of the denaity
 0,5 

of' atatea ia included, 

~n(E,t) = + exp(E-Br)/kBTb)),	 (J)n o(t)/(1 
T, /T, 

where no(t) ia determined by eq. (1). With distribution (3), o	 0,5 

the heat releaae ia 
Fig. 1.	 po.er release Q(T1,To,t) forThe T1-dependence of 

22- 2 To/Tf s 0.1, preaented according to eq.' (7). V 
Q(T1,To, t,) (7f kB!24)PV(12(T1/Tf,Tb)T1 

/4/	 /6 7/
vltre~us sllica , o - FeeoB14S16 ' , á 

12(To/Tf,Tb)T~)t-1	 (4) /6,7/	 /e/
C069Fe4.5Cr2Si2.5~2 ' o - epoxy reain , 

where T/Tf • - PLZT /9/. (P~, Tf andTosee in the t abLe }, Curve 

1 and 2: integral 12, calculated :trom eq. (5) and (6)
ItCT/Tt.Tb1=2(Tt/T12 ~ (T/Tt1I,(T/Tt.Tti1d(T/Tt1. (51 

for T~T:t • 0.2 and !b • O re8pective~. 

O 
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mined from eq. (2), va1id for ~1 < 0.2Tf• Tbeir va1ues are 

of tbe same order as tbose ca1culated from the heat capacity, 

heat conductiv1ty or u1trasonic measurementa. Unexpected 10w 

values of Ef (7.5K ~ Tt ~ 24K) indicate tbat the 10w-tempera

ture anoma1ies are due to critica1 or aoft potentia1s in 

amoz'phoua solids. The theory of soft modes, deve10ped recent1y 

/13-16/, predicta the exiatence of a univeraa1 energy 

w/k B = (10+30)K in glssses and good agreement with tbe stan

dard tunne11ing theory for E«" only. lf E '> w , the tberma1 

activation proceas dominates. Tben the denaity of statea of 

t1s for 1arge tunne111ng parameters (large re1axation time) 

decreasea essentia1ly. The ca1cu1ated va1ue of w agrees 

with the exper1ment~l Ef very we11. Therefore, tbe T1 depend

ance of the power re1ease ia probably similar to that in 

fig. 1 for a11 glasses. Real dietributian functions may differ 

from (3), as 12 is rather insensitive to the exact form of 

tbe energy dependence of n(E), but decreasing n(E) to zero 

in tbe vicini. ty of Er ia necessary to e.xp1ain the experimental 

resul ta. 

!h.e experimental va1ue Ef of the polycrysta11ine ferro

e1ectric PLZT is in surprisingly go od agreement with Er of 

amorphoUB solido. Tbe glasollke behaviour of PLZT io probably 

dua to 80ft potentia1 as we11. 

3. :o dep'ndenca 

Accord.1ng to the 8s8umpt1on of the 80ft mode potential 

barriera of the order v , deviation.B from eq,s. (2) ando (4), 

experimenta1ly observed in epoxy reBU at '0)- 2K /8/, are 

expected. Though such deviationB vere not Btudied in experi

mente with other glasBes, "short-heattng measuremanta" indi, 
cate that dependence of Qon ~O/!f ia probably a1Bo a univer

sal one. Such measurements are pertormed as fo110ws. Atter 

complete re1axation at To tbe specimen i8 heated rapidly to 

tbe "beating" temperature Ta and atter the interva1 ta rapidly 

co01ed to To again; the~ tbe beat re1ease Q(Ta,To' ta,t) is 

~I meesured. lf ~~a ~~e11ing parameter did not depend on the 

temperature, the ratio of Q's for two different tE (and tbe 

same To and TE) would be independent of TH /7/: 

Q(TE,T o, t H1 , t ) 1 .+ t/tH2 
r = (8) 

Q(TH, T , t H2 , t ) 1 + t/tH1 o 

A11 experimental r from measurements with two amorphoUB 

meta1s /6,7/ and ep~ reBin /8/ (with t E1 = 0.5h and 0.2b, 

a 20b, t = 1b) are tbe Sama for tbe aame Ta/Tf and t/tH1 ,t B2 

being independent of tbe material (see fig. 2). In contrast 

to eq. ~8), tbe ratio r increases witb Ta/Tf for TH/Tf) 0.1. 

Assuming. ). = )... - OI.T/Tf, ..bere À is temperature independent 

and ex La conetant, lfe get /7/: 

+ (t/tH2) exp ( - l;X 'lB2/ f f ) / exp (- <X~o/lff) 

r :> (9 ) 

+ (t/tm)exp(- ()lfH1/~f)/.%P(-exTo/Tf ) 

, 
s , 

in good agreemant with eZper1~ntal resulta not only with 

amorpbous 8011d8, but slso with PLZT (tEtt = 0.5, t H a 5 min). 

aouever, more data on a wider variety of glaases are necesaary:1 to dete~e the correct form of the To (and TH) dependence 

~ ~. 
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° 
lig. 2.	 The ratio ot the power re1eased atter short heating 

time t H q(tH,to) and 10ng heating time q(to)' 
(ta • 20h) at teto depending on TafTf for various 

materia1B. e - :PeaoB14Si6' t H • 0.5h, to = 1h; 

Tt = 20K; O - .PeaoB14Si6' t H = 0.2h, to = 1h, 

Tt = 20K; y - c069Pe4.5Cr2Si2.5B22' t H • 0.5h, 

to = 1h, Tt = 24K; Â - epoxy ~esin, t H a 0.5h,
 

to = 1 h, Tt e 16.5K; • -PLZT, t H = 5 min, toe io min,
 

Tt = 7.5K;
 

Curve 1: eq. (9) with ~ = 6, tEfto = 0.5, To = 1.3K,
 

Tt = 20K. Curve 2: eq. (9) with tIlto e 0.2, o; = 6,
 

To ~ 1.3K, Ti = 7.5Y.. Curve 3: eq. (9) with ta/to
 

0.2, ~ = 6, To = 1.3K, Tt = 20K. Curve 4: eq.(8)
 

with tH/to = 0.5. Curve 5: eq. (8) with tH!to = 0.2.
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HH9KOTeMnepaTypHaH MeAfleHHaH TepMHt~ecKaH 
penaKCa~HH B CTeKnax 
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ITpoBegeH aHanH9 sKcnepHMeHTanbHb~ pegynbTaToB no HH9Ko-
TeMnepaTypHOMY MeAITeHHOMY TennOBb~eneHHID Ha MaTepHanax, 
HccnegoBaHHbiX npH TeMnepaTypax Bbiiiie 1 K. 3Hat~HTenbHbie oT
KnoHeHHH OT TyHHenbHOH TeOpHH B 9TOH o6naCTH TeMnepaTyp 
MO~HO 06bHCHHTb, HCXOAH H9 npegnono~eHHH 0 C~eCTBOBaHHH 
MaKCHMaJibHOH sHeprHH Ef, KoTopaH orpaHH'IHBaeT pacnpegene
HHe no 9Hepi'HH TyHHenbHb~ COCTOHHHH H Bb!COTY TIOTeH~HaJibHb~ 
6apbepoB. Ef cna6o gaBHCHT oT MaTepHana /7,5K ~ Ef ~ 24K/. 
PegynbTaTbi cornacyroTCH c TeopHe:H MHI'KHX noTeH~HanoB. 

Pa6oTa BbmonHeHa B ITa6opaTopHH HgepHb~ npo6neM O.IDIH. 

fipenpHHT 061>e,JlHHeHHOro HHCTHTYT8 R,llepHbiX HCCJie,llOBaHHH. )J;y6Ha 1987 
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The analysis of low-temperature long-time heat release 
experiments for materials at temperatures above IK is pre
sented. The essential deviations from the tunnelling theo
ry in this temperature range can be explained by the as
sumption of maximum energy Ef which limits the energy dis
tribution of tunnelling states and the height of poten
tial barriers. Ef is only slightly material dependent 
(7.5K ~ Ef ~ 24K).The results are consistent with the the
ory of soft potentials. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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