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Let §2 be a bounded domain in R® with smooth boundary I". Let vi(x, 1)
denote the velocity at a point x € Q at time ¢ of a simple fluid with fading mem-
ory when the strain relative to some fixed configuration is small (see [1, p. 90]).
We assume the fluid is incompressible with density unity. Denote the stress ten-
sor as S,-]-, 8,.]- the Kronecker delta, - to be 3/dt. Consistent with [1] we choose
as our constitutive equation

(1) Sy + 05 =2 - mE)[E,(t =) = Ey(0)] ds

where p is an indeterminate pressure, m(s) a material function, F ;j the infinitesi-
mal strain tensor. We are considering only a linear theory and must of con-
sistency linearize the basic equation of motion,

to obtain as a linear model of a simple incompressible fluid with fading mem-
ory obeying (1), the equations:

(3a2) v;=-p;+ f:G(s)v,., jt—s)ds inQ,

(3b) v;; =0  in Q (incompressibility),

(3¢) v; =0  on T (viscous boundary condition),
-0 —oo
3d) v (x, 7)=v(x, 7), XEQ, <7<0
(uf’(x, 7) the initial velocity history).

Here m(s) = dG(s)/ds where G(s) is the shear relaxation modulus, G(s) — 0 as
§ —> oo,

Joseph [2] has noted that no mathematical theory presently exists for sys-
tem (32)—(3d). We have proven a positive existence, uniqueness, stability result
in the case
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