University of Nottingham School of Mathematical Sciences
G13AFM/G13AF2 Applications of Fluid Mechanics

Examination formula sheet

Grad, div and curl
Cartesian coordinates (z,v, 2)

Here f is a scalar function and F' = F,i + F,j + F.k is a vector function.
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Cylindrical polar coordinates (r,0, z)

Here f is a scalar function and F' = F,e, + Fyey + F.e. is a vector function.

_ or, 1of ~ of z A
Vio= arer—i_r@@ee—i_@zez :
|
|
|
|
|
|
|
|
|
|

v.Fr = 10p) 1% OF
ror

700 s

€. Te€yp €,

VxF = —-|— — =

s, 10 of 10%f  0*f S
Vo= ‘—(7“— T 2o T o A x



Spherical polar coordinates (r, 0, ¢)

Here f is a scalar function and F' = F.e, + Fyey + Fye, is a vector function.
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Note that although r and 6 mean different things in cylindrical and spherical polar coordinates,
no confusion should arise as problems generally require one or the other, and not both.

Useful identities

In the following expressions: a and b are scalars, w and v are vectors.
V- (Vxu) = 0

Vx(Va) = 0

V-Va = Va
V(ab) = aVb+bVa
V.-(au) = aV-u+u-Va
V x(au) = aV xu—ux Va
Vu-v) = ux(Vxov)+vx (Vxu)+(u-V)v+ (v-V)u
Ve (uxv) = v-(Vxu) —u-(Vxv)
Vx(uxv) = w(V-v)-v(V-u)+ @ V)u—(u V)v

Vx(Vxu) = V(V-u)—Vu



