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Abstract

An unconstrained, non-linearly elastic, semi-infinite solid is maintained in a state of large static plane
strain. A power-law relation between the pre-stretches is assumed and it is shown that this assumption is
well-motivated physically and is likely to describe the state of pre-stretch for a wide class of materials. A
general class of strain-energy functions consistent with this assumption is derived. For this class of materi-
als, the secular equation for incremental surface waves and the bifurcation condition for surface instability
are shown to reduce to an equation involving only ordinary derivatives of the strain-energy equation. A
compressible neo-Hookean material is considered as an example and it is found that finite compressibility
has little quantitative effect on the speed of a surface wave and on the critical ratio of compression for sur-
face instability.
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1. Introduction

Since first considered by Rayleigh [1], the problem of waves propagating along
the surface of an elastic half-space has proved to be of releiaseismologists and en-
gineers alike. One particular aspect of this problem that is still being investigated is that
of the effect of a pre-stress on the speed of propagating waves and on stability analysis.
The pioneering works of Hayes and Rivlin [2] and of Biot [3] considered this problem in
the setting of an incremental perturbation superimposed upon the large static deformation
of a pre-stressed, homogeneous, isotropic, non-linearly elastic half-space. These authors
assume plane straand consider perturbations with sinusoidal variations along one prin-
cipal direction in the plane boundary and exponential decay along the principal direction
normal to the boundary. Most of the work since has been within this context.
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There have been essentially two approaches: the first assumes thattiesot
fectly incompressible whereas the second assumes the material is @igedstlthough
recovery of the incompressibility theory in some limiting prodesssually considered.
Half-spaces of the incompressible Mooney material were coesider Biot [3], Flavin
[4], and Willson [5]. Willson [6, 7] also studied the propagation ofa@fwaves for
general incompressible half-spaces. The approach of Dowaikh andh (8]dis inde-
pendent of the choice of strain invariants for general incompresslilspaces and has
proved very influential. See, for example, Rogerson and Fu [9], RogardoBamdiford
[10], or Destrade and Scott [11].

The unconstrained approach initiated by Hayes and Rivlin [2] wasefudievel-
oped by Chadwick and Jarvis [12] and by Dowaikh and Ogden [13]. Tlee pstper
gives a mathematical description of surface waves propagating a principal direction
of the underlying pure homogeneous strain in a general comprelalblgpace and is
the starting point of this study. The novelty here is that aepdaw relation between the
pre-stretches is assumad initio for plane strain deformations. Not only is this assump-
tion mathematically tractable, enabling a corresponding stregrgg function to be de-
rived in a natural way, but also, this relation is compatible exiperimental data for a
large class of non-linearly elastic materials, both solids aath$. See Section 3 for a
discussion.

In Section 4 the corresponding wave-speed secular equation and furét-
rion are shown to depend on the strain-energy function only thiandgary derivatives
of the strain-energy function with respect to one of the petesies. This situation is
analogous to the structure of the wave speed equation and of tleatdfurcriterion for
perfectly incompressible elastic materials, as given, fomela in Dowaikh and Ogden
[8]. It is further shown that as the compressibility goes to,zée perfectly incompressi-
ble equation is recovered as a special case. Surprisingly, it is shown that thessipiipr
ity has little effect on the relations between pre-stratoth wave speed or critical com-
pression stretch ratio for a particular example, which can behhofigs a compressible
neo-Hookean material.

The ultimate aim of the paper is to quantify how finite comibdiyg affects sur-
face stability and surface wave propagation in pre-straiokdss Usually ideal incom-
pressibility is often assumed simply because it simplitiesrhathematical analysis, by
removing one material parameter. For instance, it is known [14hthitooney materi-
als (characterized by two material constants) presentcsuirigtability in plane strain at
the critical compression stretch ratio of 0.544 whereas their @ssipte counterpart, the
Hadamard materials, have a critical compression stretch ratio whichdsepearkedly on
the material parameters. It has been experimentally \oa$di 5] that the surface of
compressed rubber blocks, often modelled as incompressible Mooney solikiesbuc
much earlier than predicted by theory, and it is thus naturaloteder if slightcom-
pressibility could provide an explanation for this disparity. As #nigle demonstrates,
the effect of compressibility on the stability of neo-Hookeandso(belonging to the
Mooney class) is negligible. Similar conclusions are reached ahofigice wave propa-
gation.



2. Theboundary condition

For half-spaces occupied by a homogeneous, isotropic, hyperatastical, con-
sider the plane, pure homogeneous deformation of the form

X=AX,y=yY,z=2, (2)

where(X,Y,Z)and(x,y,z)denote the Cartesian coordinates of a particle before and after
deformation respectively, and, y are constants. It is assumed that the deformed solid
occupies the regiory <0 with boundary =0. Denoting the corresponding principal
stretches by A,,i=1,2,3 , the following identification is made in this case:
(M1.25.45) = (A1)

For ease of exposition, it is assumed here that the boundary béltkepace is
free of tractions, although a non-vanishing normal load on the boundabg easily ac-

commodated in an obvious way. Therefore for a given strain-energyoluié it is re-
quired that

Wz(/]l’ﬁz’l)zo’ (2)

where the subscript notation attachedMalenotes partial differentiation with respect to
the appropriate principal stretch, evaluatedigt=1. Then, if W,, Z0, there exists a

function f(4,) such that

A, = 1(Ay). (3)

In practice, however, it is difficult, if not impsible, to obtain this relation explicitly in
terms of elementary functions, which obviously neakemputation and analysis diffi-
cult. As an illustration of the difficulties encaned, consider the restricted Hadamard
material characterized by the strain-energy fumctio

W= e =M s = A, @

where u,x are respectively the (positive) infinitesimal shaad bulk moduli and the
functionH is restricted such that

H(1)=0H"(1)=-p/x H" (1) =1+ (u/3x), 5)

where the prime notation denotes ordinary diffeetion. This material has received
much attention in the literature. For example, thegerial was studied within the current
context by Chadwick and Jarvis [12] and by Dowaakid Ogden [13], within the context
of surface instabilities by Usmani and Beatty [46F within the context of finite wave

propagation by Boulanger, Hayes and Trimarco [Bdljlanger and Hayes [18] and Rod-
rigues-Feirrerat al.[19]. For this material



oW ” 0°W o
= f Ay +kH (i3)A s, ——5 —“HtKkH ()43, (6)
o1, R

from which it follows that ifH is a convex function, theW,, >0, which is assumed
henceforth. For the traction-free boundary condi{®), equation (g)yields

A= K(ia)’ K(is)E _(K/,U)iaH '(is)’ (7)
and therefore
A= F(A), £71(x) = xKH(x?). 8)

This equation indicates that, with the exceptiorggecially simple forms for the
arbitrary functionH(i3), determination of the functioh in (3) is not possible. In prac-
tice, as can be seen in Chadwick and Jarvis [1@]iarDowaikh and Ogden [13], this
means that what is a one-dimensional problem imgeof A,, say, is analysed as if it
were a two-dimensional problem in both, A, . Since determination of the relation (3) is

essential for the full analysis of Rayleigh waves,inverse approach is adopted here: as-
suming aphysically well-motivated forrfor f, the stress-free boundary condition is inte-
grated to obtain a general class of materialsishadmpatible with this form.

3. Modelling the relation between the stretches

Assume that the principal stretches are relatedutiir apower-law expressioof the
form

A=At 0<e<. 9)

The motivation for choosing this relation is notrmenathematical convenience: there is
a strong physical motivation for this form as wélhis seemingly artificial relation is, in
fact, widely applicable for non-linearly elastic t@aals, of which there are two main
types: solid and foamed rubbers. The classicalnagson made when modelling solid
rubbers is that they are perfectly incompressid®wvever this is an idealization because
all solid rubbers are to some extent compressibig;proposed here that this compressi-
bility effect for pure homogeneous, plane straifodeations of solid rubbers is captured
through (9), where it is likely that

O<e<<1, (20)

(because setting =0 in (9) yieldsl, = A;*, the relation predicted by perfect incom-
pressibility). The main experimental motivation the power-law assumption (9), (10)



for solid rubbersis given by Beatty and Stalnaker [20], who obtdie&perimental data
for both the stretch in the direction of the apglierce, denoted here by, and the two

equal stretches in the perpendicular directidnsand A, = A, , for six different rubbers in

simple tensionThe following power-law kinematic relationship seown to match the
data extremely well:

Ay = AFTWR), (11)

where £ is asmall (relative to one), positive material parameter @rample, for a ure-
thane sample used by Beatty and Stalnaker 0.007). Further evidence to support (11)
in simple tension was obtained for the solid rud¥B70 by Bechir et al. [21], who show
that (11) yields an almost perfect fit with thexperimental data witke = 002. The au-
thors are unaware of any data for plane straing p@mogeneous deformations of solid
rubbers where both stretches are measured. Howesasms reasonable to infer that the
power-law form that works so well for simple tensitan also model deformations of the
form (1) for solid rubbers.

Power-law relations between the stretches for pum@ogeneous deformations
are very common also féoamedrubbers For a foamed polyurethane rubber, Blatz and
Ko [22] show that a power-law relation between tilve stretches gives an excellent fit
for the three material characterisation tests wipg tension, biaxial tension, and strip-
biaxial tension. For example in simple tensions ishown that an excellent fit with data
is given by (11) but withe = 025. In strip-biaxial tension one of the three priradip
stretches is held identically equal to one, comwesing very closely with the deformation
considered here. Storékers [23] performed the shree experiments on two vulcanized
foam rubbers, one a natural and the other a syathdtber. In each case, he showed that
a power-law relation between the stretches gavexaellent fit with the experimental
data. Consequently, it is reasonable to assumefdrdtalf-spaces of many foamed rub-
bers subjected to a deformation of the form (ljelation of the form (9) holds with
small, but finite values, fot .

4. Deter mination of the strain-energy function
A general class of materials consistent with b@hafd (9) is now derived. Since plane-

strain deformations are being considered hereptblelem under study is inherently two-
dimensional. Let

WH(A,4,) =W (4,1, 2). 12§
Then, for the materials considered herej i 12,

W:aw(Al,Az,As)| _ow Ty A,) o 9PW (A, )

! oA A N2

i A=l i

W 4p)
0A?

Ag=1
(13)



Now let W (A;,4,,4;) denote the set of strain-energy functions forchihe stress-free
boundary condition (2) yields the relation (9) beén the principal stretches. Let

WSF(/]DAZ) :WSF(/‘li/]Z’l)' (14)
The stress-free boundary condition for such mdtecan therefore be written as

WSDF,Z(/]li/‘Z) =0, (15)

where the comma notation attached/\@ denotes partial differentiation with respect to
the appropriate principal stretch. Differentiatii$) with respect td, then yields

WSDF,lz + (5 - 1)/1f_2WsDF,22 =0. (16)
Now let
W(a,) =Wa (A, 271 1). 71

Then, using the prime notation to denote ordinaffegrntiation with respect tol, and
noting (15), it follows that

W' :WSF,li (18)
and
W :WSF,ll + (5 - 1)/1?2W§F,12’ (19)
or alternatively, using (16),
VV N= WSDF,ll - (5 - 1)2A§(€_2)\NSDF,22- (20)

It is shown next that an infinity of strain-enerfyyctions exists that are consis-
tent with both (2) and (9). For homogeneous, igptronon-linearly elastic materials in
plane strain, the strain-energy function can bétenias an arbitrary function of any two,
independent, symmetric functions of the principaétshes. For example, assume that

w =w9(1,J), where
| = A2+ 43,0 =2,4,. (21)

The traction-free boundary condition (2) can therefbe written in the form



ow" ow"
A+
ol 0J

A =0, (22)

which, using (9), can be expressed in termd,oélone as

0 0
W L OW e _g. 3p2
RS

2

It follows immediately from (9) again that
PRENELS (24)

and therefore (23) can be re-written as

O o 2-¢
26W +6W J ¢ =0. 5§2
)l aJ

Assuming now that (25) holds fail plane strain deformations means that (25) becomes

a first-order, linear partial differential equatiom W which can be easily integrated to
yield

< 2(e-1)
WD:A(X),XEI—2+1— J ¢ -1, (26)

whereA is an arbitrary function. Conversely, noting that

D £2
3 =2A'(x)(A2—J ‘ mJ , (27)

2

it follows that the relation (9) is recovered. TA¥S' is consistent with both (2) and (9). It
follows immediately that an infinity of such straeémergy functions exists sin¢ecould

be chosen as, for example=A] + A3,n #0. In what follows,W" will be used as an
example of the family of strain-energy functingDF, defined above. Note th&¥" can
be written as a function of the stretah only, because

x= A+ Y -2+ 11 [pete- ). (28)

To ensure zero strain-energy in the reference gordtion, it is required that
A(O) =0. From (27), it immediately follows that the stréssdentically zero in the refer-



ence configuration and that, althougW/dA, is identically zero for plane strain defor-

mations for which (9) holds, it is not identicaltgro in general, even in plane strain. To
ensure that the classical, linear form of the steaiergy function is recovered on restric-
tion to infinitesimal deformations, it is requirduht

4(3-2¢)

=2A' =
p=2A )k ===

A (0). (29)

Motivated by the first of these equations, it isliéidnally assumed that
dA/dx>0, (30)

for all allowable values of.
It follows immediately from (29) that

Mo S8 (31)
Kk 2(3-2¢)
or alternatively, that the infinitesimal Poissotioa is given by
1-¢
v=——. 32
- (32)
Note that for infinitesimal values &f, (31) reduces to
H<% i HOTine. 3|3
K 2
Thus the kinematic assumption (9), wthsmall, leads to the restriction
UKk <<1, (34)

which is usually imposedb initio for solid rubbers that are assumed to be almasinA
pressible.
Noting (29), linearising the general strain-energy functiod) (@elds

c 2(e-1)
wo=H|| -2+ [J & - J , (35)
2 1-¢

which is a plane strain, reduced Hadamard matésead (4)). This strain-energy function
is the two-dimensional form of the strain-energgdiion obtained by Blatz and Ko [22],
who, although basing their own method on a power-telationship between the
stretches in simple tension, used a different d#ion. It is also the two-dimensional




form of the strain-energy function introduced ineiegently by Levinson and Burgess
[24] for infinitesimal values ofe. For such infinitesimal values @&f, this strain-energy
can be viewed as a natural generalization ofrtbempressible neo-Hookean form

_H oy
W—E(I 2). (36)

It is also the plane-strain form of the particuleduced Hadamard material introduced by
n

Usmani and Beatty [16], who assumed tht,) = cr(i3 - 1), constanta, n.

5. Equations of incremental motion

Following Hayes and Rivlin [2], an infinitesimal m@n is now superimposed on the de-
formation (1) such that the particle with positipn y, z) is displaced to a poir(K, ¥, z)
where

x=x+du(x yt), y=y+ov(x y,t) 2=z, (37)

where 0 is a constant such that its squares and higheesogan be neglected in com-
parison with unity, and, v are the components of the incremental mechanisplate-
ment. Time-harmonic surface waves propagating atbeg principal direction of the
following form are considered:

u = Aexp(sky+iwt —ikx), v = Bexp(sky+iwt —ikx), (38)

whereA, B are constantsq is the frequency anklis the wave number. This is the form
used by Dowaikh and Ogden [13]. Also in (38)s the attenuation factor, which makes
the perturbation decay with distance from the bampavhenRe(s) >0 . The wave speed

c is therefore given by = aw/k, while an incrementaitatic deformation is described by

(38) atw = 0.

Substitution of (37), (38) into the equations oftimo and satisfaction of the
boundary conditions (see, for example, Dowaikh @utlen [13]) yields the following
secular equatiorior the speea of surface waves for zero normal stress on thedary
of a pre-stretched, homogeneous, compressiblepfsot elastic half-space:

(Vzazz)m(an _prcz)l/z(yl ) _Prcz)+ (yl _Prcz)m(anazz - ‘7122 - azzprcz) =0,
(39)

where p, is the mass density of the material in the refegeconfiguration and, in the
notation of Dowaikh and Ogden [13],

— 32 — 32 _
a1y =AW, 0pp =AW, ap, = AW,



2 (AW, — AW, AW, —AW,) A2
1( ;21_/122 2)’y2 = 2( 2VV2 1 1):_2}/1. (40)
1 2

& E-2 R

Equation (39) is a re-arranged form of equatiodXpof Dowaikh and Ogden [13]. Us-
ing an obvious squaring process and setipg 1 yields

X3(1 +2)-8x2(1+2)+8x (3] +4)-16( +1)=0, X = p?/u, A=Ay,  (41)

which is precisely the Rayleigh cubic of the lingagory [1].
The wave speed equation (39) holds for all comprkesstrain-energy functions
and therefore holds in particular for the classnaterials of interest her#s (1, 4,,1),

defined in the previous section. It follows immedig from (13) that the partial deriva-
tives of W= can be replaced by the corresponding partial divies ofWg- and there-
fore (16) yields

a1, = (1-£)ay,. (42)
Noting also that
Ai’VVSDFl 2(e-2
Ry = It @3)

then (39) yields the following form of the secudaquation in terms of partial derivatives
of Wi

( ) /11WSDF(1
(A% - /]%(8_1) )VVSDF,zz

AWC vz )
(/12 1_;;(;1_‘;1 - ,O,CZJ (/1% 6NSDF,11 - (‘9 - 1)2/15(8 Z)WSF,zz)_ prcz) =0, (44)
1M1

Y2
] (AiWSDF,ll - prcz)l/z (/11WSDF,1 - prC2)+

which givesc as an implicit function ofd; only. It must be additionally assumed here
that

AW,
yo" C:2 < min(ﬁ%y’/‘fwsmﬁ:l-l} y (45)
1 1

which, on restriction to infinitesimal deformatigryselds

o,c% <min(u, A +24). 46}

10



If this last condition is satisfied, then the Ragteequation has a unique, positive solu-
tion, as demonstrated, for example, in Atkin and 2b]. Attention is therefore focused
here on the range of;, values for which (44) also yields positive solagoBy continu-
ity, this range is bounded by those valuesipfor which ¢ =0 in (44). Thesel; values
are called theritical stretchesand are given by thafurcation equation

12
W -
[ SDF,H} W, + WG 1 - (e - 222G, ) =0, (47)
WSF,22

assuming thatVge,, >0.

6. Thecritical stretches: an example

To make further progress with either the wave spgapaition or the critical stretch equa-
tion, the strain-energy function must be speciff@ettingWer(4,,1,) = A(x), the general
strain function given in (26), yields

x 4
Wk 22 = - A’ (X)’ (48)

wherex is given in (28). Similarly,

_ ) p2e2)
Wer 1, = 2A" (X)££ +(2 ;)/ﬁ i } + 4A"(X)(/11 —/]128_3)2 ; (49)

and the bifurcation equation (47) becomes
12
(ZA' (e+(@-)2ed)+ aea (), - /1125‘3)2) ()22, - 2252)+
21, A 1+ (3-26)2 D) v ap, A (), - 122F =0, (50)

There is an equivalent, more succinct form of étjsation in terms of derivatives o .
It follows from (18) and (48) that

W'
WL, = . 51
SF,22 EIAl _ /1%8_3j ( )

Substituting both this and (18), (20) into (47)lg&e

11



_ 1263 VAL 1/2 - -
(E _ 1)2/1%(5—2) + 5(/]1 /]L )\N W'+ AW'"=0, (52)
ZNI

where

W = vT/(/ﬁ A £ - (p2te) - 1)) . (53)

Simplifications occur for the limiting values,=0,1. Letting £ - 0 in (52) re-
covers the bifurcation criterion for perfectly impressible materials

AW"+W'=0, (54)
where
W =W + 12 -2). (55)

This equation was first obtained by Reddy [26] (aks® Dowaikh and Ogden [8]). This
recovery further supports the choice of the kinetnaglationship (9) between the pre-
stretches assumed here.

Letting € - 1 yields

(22 - 2w 2 + (23w )% =002 0, (56)
where
W =W -1-2In4,). (57)

For the compressible neo-Hookean material (35),

W = g(/ﬁ LY B , (2t 1)) ,

W= plp, - 4258), W = g+ (3 26)0262). (58)

The bifurcation equations (52), (54), (56) thendree respectively

) g2(e-2)\Y2
(5 +(2 25)"1 ] (1, - 223)+ A, (1+ (3- 26)42-2) =0,
A3+ +34 -1=0,

22 -1+ 2202 + 1) =0. (59)

12



The second of these is found in Biot [3] or Nowin&,28] and its unique positive root,
denoted by, is given byA, =0. 544 The unique positive root of (59 given by

A, =+-2++/5 =0.486. 60§

Figure 1 displays a plot of the critical stretchiessus the compressibility parameter

FIGURE 1

Figure 1. Critical stretch values for surface dtgbversus the compressibility parameter
for a compressible neo-Hookean solid. Wigen 0, the critical stretch is 0.544, the value
found for an incompressible neo-Hookean materiale Mcreases, but remains small, the
effect of finite compressibility is to decreaseghlly the value of the critical compression
stretch.

It is clear from this figure that the compresstiilhas little effect on the critical stretch
for the compressible neo-Hookean material (35)hvilie incompressible value of
A. =0.544 a good approximation for realistic values&f In particular, this plot shows
that the real slight compressibility of solid rubbeloesnot have an important effect on
the critical stretch ratio of compression, at ldasthe material considered here. It simply
makes the neo-Hookean semi-infinite solid sligtigre stable in plane strain compres-
sion, by allowing it to be compressed by a few nyeecent before the critical stretch is
reached. Therefore, slighbmpressibility does not provide an explanatiotoashy rub-
ber blocks buckle in compression at ratios muchérghan 0.544 (see [15]).

7. Calculation for the wave speed

The general wave speed equation is the seculatiequ@4). For the example of the
general strain-energy function (26), this wave dpsguation can be expressed simply in

terms of derivatives dfV as follows, using (18), (20) and (51):
2 y2
(e)lf\ﬁl%%wbexl (A1VV'—X)+
/]1 _/]1

_ 2
ﬁ(ﬁs__ﬁ—x] (AW -x)=o0, (61)

13



where the notation of (41) has been usats W/x, andW is given by (53). Thus the

wave speed only depends on the strain-energy @imekirough the derivatives o .
Noting (45), solutions are now sought to this emumin the subsonic range

(AW _ e 2e-17 AW
O<X< m|n(A2—_lA2(E7 ,/1]2_\/\/ +/1]2_( 2) ( - ) AZ _lAz(g—l)] . (62)
1 1 1 1

As for the bifurcation equation, the form of thewsapeed equation for the limit-
ing values of¢ is again considered here. Lettiag- O yields

o \Y2 . Y2
Ufl\’i’lj (A1W'—X)+[j§\/ill—xj (v -x)=o, (63)

whereW EVV//,/ andW is given by (55). This is precisely the equationgerfectly in-
compressible materials obtained by Dowaikh and @d8¢ albeit in a different form.
Assuming that

Awl Y n
JE _1/]215—15 >0,W">0, 64
1

1

means that the restriction (62) on the wave spsed-a 0 reduces to
AW

=2

0<X<

(65)

As £ - 1, the wave speed equation reduces to

(aw - x )2 ((Alvv —X )+ \/E( AW xjyz(/lf\/v"— x)‘/zJ -0, (66)

/ﬁ - /11_2

where W =W/, W is given by (57) and

2

1

O<Xsmin(/ﬁw Afvvj (67)

As an example, consider the compressible neo-Hookeserial (35). The wave
speed equation (61) then becomes

(22 + 22— £) - e X 2 (22 - e - x )+
V2 - x V2 (8 +(3-26) D - x) =0, (68)

14



where
0<X <A, (69)

independent ok .
Consider the limiting special cases first. Letting- 0 in (68) yields

R=a7 =X+ A8 - x)2 (8 +312-x)=0, (70)

the same equation, albeit in a different form hag given in Dowaikh and Ogden [8].
Letting £ — 1 in (68) yields

(8 +1-xJ2(2 ~1- X +v2( - X2 (2 +1-x}?)=0. (71)

One solution is immediateX =1+ A7, which however violates (69). The other solutions

are obtained from an obvious squaring processeobther branch of the equation and are
given by

X =2+A2+.5. (72)
Thus the only solution consistent with (69) is giey
X=2+2-45. (73)

Figure 2 below displays the variation of the susfa@ve speed versus the stretch ratio
A

FIGURE 2

Figure 2. Normalized surface wave speed dependemdbe pre-stretch for compressible
neo-Hookean materials.

For ease of comparison, the wave speed is norrdalvizé respect to the bulk shear wave
speed in the deformed solid. A% =1, the solid is isotropic. Asl, increases (plane
strain tension), the wave speed increases too asdhe shear wave speed as an upper
bond. As A, decreases (plane strain compression), the sufage speed decreases and
drops to zero whenl; reaches the critical stretch ratio. The thick egrare the plots of

the limiting behaviourg = 0 ande = 1. The thin curve corresponds to the case0.5.
That plot is very close to that of the ideally ingaressible case, showing that compressi-
bility, at least for the compressible neo-Hookeaatarmal, has very little effect on the
wave speed, beyond a tendency to slightly lowesfieged when the solid is in tension.
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