ATMO 451b/551b Homework 5 Spring 2004

1. Venty the following vector identities, where @ is any scalar and A is arbitrary
vector field:

(8 Vx(Vd)=0

(b)v(i‘?xﬁ);o

() (A-V)A=(TxA)xA+y%V(A A)

() Vx(AxB)=A(V.B)-BF-A)+(B-V)A - (&. V)

(Note: It is usually sufficient to prove just one Cartesian component.)

2. Suppose there is 2-dimensional, steady motion of an 1deal, incompressible fluid
- that is characterized by a velocity potential of the form:

$=K(x* +y°)
where K 1is a positive constant.

a) Derive an expression for the fluid velocity and sketch the streamlines of this
flow. |

b) Does the flow satisfy the equation of continuity? Discuss, if necessary.
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3. Consider the 3-dimensional velocity of a fluid at some point (x, y, z) where

A N\ A A
=ul +vj) +wk

Show that the changes in the velocity components in going to a neighboring point
(x + dx, y +dy, z + dz) can be described by |

du=¢€,dx + 1 dy+ 7T, . dz + wdz - 0, dy
dv=T1 dx+edy+71 dz+ wdx - v dz
dw=T1,dx + T dy + €,dz + wdy - 0 dx

where the coefficients are:
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Note: Only six independent quantities describe the deformation and these can be grouped into a
symmetrical matrix
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