e ¢ s ALGEBRAIC OPERATIONS FOR VECTORS AND
TENSORS IN CARTESIAN COORDINATES

(s is a scalar; v and w are vectors; 7 is a tensor; dot or cross operations enclosed
within parentheses are scalars, those enclosed in brackets are vectors)

(v-w) = vw, + vw, + v,w, = (W*Vv)

[v X wl, = v,w, — v,w, = —[w X v,
[v X wl, = v,w, — v,w, = —[w X v],
[v X wl, = vw, — v,w, = —[w X v],

[v-¥], = 7,0, + 70, + 7.0,
[7- v]_,,f = T30y + Ty + 1.0,

[v=wl, = 2.0, + 0, -t 1.0,

[veql, = 070 + 0T, + 01
[v -7l = vy + 07 + Oy

[vesl, = vir, +oyr, + O

Note: The above operations may be generalized to cylindrical coordinates by replacing
(x, y, 2) by (r, 6, 2), and to spherical coordinates by replacing (x, y, 2) by (7, 6, ¢).
Descriptions of curvilinear coordinates are given in Figures 1.2-2, A.6-1, A8-1, and
A8-2.

e ¢ « DIFFERENTIAL OPERATIONS FOR SCALARS, VECTORS, AND
TENSORS IN CARTESIAN COORDINATES

Vsl = 5 %, ~ 5 [vsl, = %
WXV]x‘%"@f [va]y—%—‘z‘ [V)(v]z"‘;j:—f-’.;yE
(V- )*% % f:;z (v-Vs)=vxg—;+vy§—;+vz§-;—
Vi m (V- Vo) = 23 4 98, 75

o oy 92



v, v, v
Vévl,=[V-Vv],- "+ =
Vvl = V-Vl om * 5 T 22
Vel = [V~ V] 3zvy azv azvy
v : — . v —
¥ y é‘x2 c?yz
Pv, v, 820
[Vv],=[V-Vv], = + P + —2=
_ . oo, v, v,
[V VV] {5 rons I + v y 5y UZT{Z—
v v, v, f?vy
[V- V] =0 = ax + y ay +UZE
_ v, v, v,
[V VV]Z—Ux:?—f‘f‘?)y"a—y—‘FﬂzE
o 15'('0x'0r) 5(vax) 5(92'0;)
[V vv], = = + 3y + ;o
o, doo,) d(v,v,)
ik e gl ay t—%
a3 5(UIUZ) a(vyvz) C?(UZ'UZ)
iV imlsa ay t %2
i OTyy aTyx O
Vel =% oy o
ot ar, aT.
e L
e ox dy 0z
0Ty 9T 97
Vet =5y v 3y * 5
o) p e P
(7: VW) =T o + Ty Er + e
v, v,
TG t T ay St T ¥ 9z
o B
Tagx T WGy " 25z

Note: the differential operations may not be simply generalized to curvilinear coordi-

nates; see Tables A.7-2 and A.7-3.



