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1.9 Problems

1.9.1 (a) Attime, neighbouring fluid particles A and B are at position vectors r and r + dl,
respectively. At time ¢ + 8z, particle A is at r + dru(r), where u(r) is the velocity
field of the fluid. Similarly, particle B is at r + dl 4+ dru(r + dl). Use this to show
that the time evolution of the line element dl which joins A and B is given by

D
—dl = (d]l - V)u. <2
Dr ( u (1.78)

Show that in a barotropic fluid the specific vorticity, i.e. @/p, obeys the same
equation.

This shows that vortex lines are carried bodily along in an inviscid, barotropic
fluid.

(b) The circulation C around a closed curve I' is defined as follows:

¢=%u.dr, (1.79)
B

If the curve I moves with the fluid (assumed to be inviscid and barotropic), show
that C is a constant.
This 1s known as ‘Kelvin’s circulation theorem’.



