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Absorption of ultrasound in a number of substances is studied in a broad frequency range at helium 
temperatures. The available published data and the results obtained in the present work are systematized. 
A correlation between ultrasound absorption and the Debye temperature is observed at helium 
temperatures. A hypothesis regarding the nature of the "residual" losses is advanced. 

PACS numbers: 62.80.+f 

At helium temperatures, all the known crystals satis­
fy, even at frequencies f~ O. 1 GHz, the condition 

WT ph>1, (1 ) 

where w is the ultrasound frequency and Tph is the aver­
age lifetime of the thermal phonons, which can be es­
timated from measurements of the thermal conductivity 
K: 

3K 
T ph = C.(v)' (2 ) 

(Cv is the heat capacity of the medium and (v) is the 
average thermal velocity). Satisfaction of condition (1) 
corresponds to the mechanism developed in the classi­
cal paper of Landau and Rumer[l] for the absorption of 
a sound wave by thermal phonons. The expression for 
the damping is 

(3) 

(T is the crystal lattice temperature). 

The Landau-Rumer absorption of sound waves was 
investigated experimentally in very great detail for a 
large number of solids. The results of these investi­
gations are contained in a number or reviews. [2,3] In 
essence, one refinement must be introduced in these 
studies. When plotting the temperature dependence of 
the absorption, the authors usually observe the tem­
perature-independent absorption section in the interval 
of T from 4. 2 to 20-40 K. This section of the curve is 
called the "residual" losses. The quantity compared 
with the theory of Landau and Rumer[lJ or with its mod­
ifications[4] is Cl! - Cl!re., and a good qualitative agree­
ment is obtained with the calculation. The residual 
losses, Cl!re., are usually attributed to imperfections of 
the crystal structure, of the finish of its acoustic 
planes, etc. 

Abundant material on the residual losses has by now 
been accumulated for a large group of crystals. Thus, 
the anisotropy of the absorption Cl!re., for example for 
LiF, [5] has revealed a frequency dependence. [6,7] It is 
somewhat surprising that in the most perfect and purest 
crystals of the semiconductors InSb and Ge[6,S] these 
losses are larger by two or three orders of magnitude 
than in A120 3[9] or ,a-B, [10] which were synthesized at a 
high temperature - 2000 K and had a large number of 
structure imperfections. Moreover, direct experi­
ments in which a large number of impurities has been 
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introduced into the crystals GGG[l1] and Ti02(7] (up to 
1020 cm-3 ) did not influence, within the limits of experi­
mental error, the value of Cl!res' The foregoing data 
justify, in our opinion, a review of the traditional con­
cepts concerning the nature of the residual losses. 

We present here a number of new experimental data 
on the values of Cl!re. in a wide range of frequencies for 
a number of materials, and systematize the known pub­
lished data. 

In the experimental measurements of the residual ab­
sorption, particular significance attaches to the meth­
odological problems connected with elimination of the 
traditional error sources, such as roughness of the 
surface, non-parallelism of the acoustic mirrors, etc. 
In the InSb, Ge, and GaAs crystals investigated by us 
the concentration of the uncontrollable impurities did 
not exceed 1016 cm3, and the dislocation density did not 
exceed 104 cm-2• The LiNb03 and Al20 3 crystals were 
of high optical and acoustical quality. In a number 
of points the values of Cl!re. measured by us for these 
crystals agreed with the known published data. Mea­
surement of Cl!re. was carried out by the well-known 
echo method, with the sound excited by CdS converters 
or by surface excitation of LiNb03• (The typical sam­
ples measured 0.2>< O. 2>< 1. 5 cm). The acoustic mir­
rors (end planes of the samples) were polished with 
class-14 accuracy and the quality of the polish was 
monitored by optical methods. The parallelism of the 
mirrors, monitored with a GS5 goniometer, was not 
worse than 4". The nonparallelism of the acoustic mir­
rors was taken into account in the measurements of Cl!re. 

at frequencies 5-9 GHz. The greater part of the mea­
surements was performed at frequencies f~ 0.5 GHz. 
This choice of the frequencies range makes it possible 
to reduce to a minimum the diffraction losses connected 
with the divergence of the sound beam; these losses are 
proportional to Aacld (d is the characteristic dimension 
of the acoustic radiator). 

The values of Cl!res for a large group of substances 
were systematized at the value for 1 GHz. The reason 
is that most measurements reported in the literature 
were performed at this frequency or frequencies very 
close to it. In addition, as noted above, the diffraction 
losses are not so significant at this frequency and the 
deviation of the acoustic mirrors of the sample from 
parallelism still does not come into play, provided that 
it does not exceed 5 to 10". The errors in the deter­
mination of the coefficient of the lattice absorption of 
the ultrasound did not exceed, according to our esti-
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FIG. 1. Frequency dependences of the residual absorption of 
IOllgitudinal waves in InSb, Ge, A120 3, and of shear waves in 
LiNb03• Dark symbols-data obtained by others for InSb, 
Ge, [8] and LiNb03 • [20] 

mates, 0.1-0.5 dB/cm (depending on the absolute val­
ue of the absorption). 

Figure 1 shows a series of plots of the residual sound 
absorption against the frequency for a number of sub­
stances. At relatively low frequencies, the dependence 
of ares on the frequency is close to quadratic, and at 
higher frequencies the curves have a tendency to flatten 
out. If it is assumed that sound absorption is a relaxa­
tion process, then the observed experimental depen­
dence can be described by the expression 

where Trel is the characteristic time of relaxation of the 
perturbation due to the sound wave to equilibrium. 
Values 10-11 sec are obtained for T re 1" We confine our­
selves to this rough order-of-magnitude estimate, al­
though it is seen that this time is different in different 

ao, dB/em 
10'.-----
8 
5 
~ 
q 

J 

z -

\ ~InA5 

\lnSb 

b \oGaSb 
\ oGe 

G~S \' 
GaAs ~ 

\ 

I 
1 

I 

FIG. 2. Dependence of the resid­
ual absorption on the Debye tem­
perature at 1 GHz in InSb, [S] 
InAs,l12] GaSb, U3] Ge, [8] GaAs, [16] 
LiNb03 , [20] Si, [24, 2S] Ti02, [7] 

MgO,[15l LiF[S\ CaW04,[18] 
Si02,[17l GGG,[11l YAG,[19] 
A120 3, [9] P - B. [to] The data for 
GaAs and Si were obtained by ex­
trapolation to 1 GHz. o-absorp­
tion of longitudinal waves, .-ab­
sorption of shear waves. The 
straggling of the available absorp­
tion data for waves of different 
polarizations, propagating in dif­
ferent directions, is indicated. 
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FIG. 3. Temperature depen­
dences of the absorption of longi­
tudinal sound waves at 1 GHz in 
InSb[S] and in {3-B. [10] 

materials. We note only that Trel « Tph ' 

One cannot fail to note the large difference between 
the values of are. for longitudinal and shear waves. In 
all the investigated cases a~~:C < a~~:ar. The difference 
in the absolute values reaches a factor of two to three. 
This illustrated by the data on the crystals InSb[8], 
LiF[7], AI20 3[9], LiNb03 and others. The residual ab­
sorption is strongly anisotropiC (LiF, TiOz). These 
experimental results cannot be interpreted as being due 
to the known mechanisms of sound absorption at helium 
temperatures (dislocations, impurities, the presence of 
boundaries, etc.). 

The singularities noted above suggest that the resid­
ual losses are determined not by structural or other 
defects of the investigated samples, but by some fun­
damental physical properties. A generalized albeit 
sufficiently approximate characteristic of the elastic 
oscillations of the solid is the Debye temperature e. 
We have attempted to systematize our own and the 
known published values of are. as functions of the Debye 
temperature (Fig. 2). The values of are. were taken at 
T=4.2 OK and/= 1 GHz; when data are available, val­
ues are given for the longitudinal and shear waves. In 
spite of the appreCiable scatter, a dependence of ares 

on 13 can be discerned, approximately described by the 
expression 

A similar dependence of a on e is typical of the region 
WTph « 1, when an external sound wave interacts with 
the entire ensemble of thermal phonons, and the ab­
sorption has a relaxation character and correlates with 
the Debye temperature. [21,25] A correlation is observed 
between the temperature interval in which a = const 
(Fig. 3) and the Debye temperature. The point at which 
the absorption begins to depend on the temperature is 
determined with a considerable degree of error, but 
nevertheless one can observe a tendency of the temper­
ature interval in which a is constant to broaden with 
increasing Debye temperature (Fig. 4). 

The material presented above is purely experimental 
and its final interpretation is not yet clear. We shall 
dwell briefly on the traditional methods of explaining 
the sound absorption at low temperatures, similar to 
the methods analyzed by Holland. [22] Absorption by 
impurities and isotopic impurities is proportional to w4 
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FIG. 4. The temperature corresponding to the start of the 
section of the temperature-independent excitation, as a func­
tion of the Debye temperature. 

and its absolute magnitude is '" 10-9 dB/cm which does 
not agree with all the known experimental data. Ab­
sorption by dislocation is proportional to w, but the ab­
solute value is estimated at 10-2_10-3 dB/cm (at a fre­
quency 1 GHz) at Na = 106 cm-2• 

Thus, the residual absorption can be explained only 
by invoking a new physical mechanism, possibly the in­
teraction with the zero-point lattice vibrations. Their 
energy is Eo'" Nk9, where N is the number of atoms 
per unit volume and k is Boltzmann's constant; this en­
ergy depends little on the temperature and contains the 
entire spectrum of the crystal-lattice vibrations. Mod­
ulation of the energy of the zero-point vibrations can 
lead to absorption of the sound wave. This process is 
usually neglected. [22) The proposed hypotheSiS calls for 
rigorous theoretical calculations. 

The authors thank N. N. Plakida for useful discus­
sions. 
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