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Exercise 1. Let Q = R? and 7" > 0. Consider the NAVIER-STOKES-equation
ur+ (u-V)u+Vp=Au in Qx (0,7]. (1)
Show that the NAVIER-STOKES equation supports the following symmetry groups:

(i) Galilean invariance: If (u,p) is a solution of (1) and ¢ € R? is a constant vector,
then
ue(x,t) = u(x —ct,t) + ¢, pelx,t):=ple—-ctt),

is a solution of (1).

11 Ootation symmetry: u 1S a solution o an € 1S a rotation matrix
(ii) Rotation symmetry: If (u,p) i lution of (1) and Q € R3*3 i tati trix,
ie. QT =Q7', then

ug(w,t) = Q"u(Qx,t),  po(x,t) :=p(Qx,1),
is a solution of (1).

(iii) Scale invariance: If (u,p) is a solution of (1) and 7 € R, then
ur(wt) = (1) pelost) = 20(50 1),
is a solution of (1).

Solutions will be discussed on Thursday 23th of May 2019.



