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Table A.7-1 Summary of Differential Operations Involving the V-Operator in Cartesian 
Coordinates (x, y, z) 

dux dv, dv, 
( V . v ) = - + - + -  

dx dy dz 

d2s d2s d2s (V2s) = - + - + - 
dx2 dy2 dz2 

+ 7 vx (3) ax + 'YY ("y) + y2 (3) 

ds 
[Vs], = - 

dx 

as [Vs], = - 
dY 

ds 
[Vs], = - 

dz 

dv, JVy 
[V x v], = - - - 

dy dz 

dux dvz 
[V x v]" = - - - - dZ dx 

dvy dv, 
[V x v], = - - - 

dx dy 

d7,, J7,, a~ , ,  
[V.T],=-+--+- 

dx dy dz 

d7xy d7yy d7Zy 
[V .T]  =-+--+- 

Y dx dy dz 

d7,, d7y2 d7,, 
[V.7],=-+-+- 

dx dy dz 

a2vX d2v, d2vX 
[V2v], = - + - + - 

dx2 dy2 dz2 

d2vy d2vy d2vy 
[V2v] = - + - + - 

b x 2  dy2 dz2 

d2vZ d2v, d2v, 
[V2v], = --- + - + - 

dx2 dy2 dz2 

[v  Vw], = v,($) + vy(%) + %(%) 
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d d d where the operator (v . V) = v, - + v - + v, - 
dx Y dy dz 
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Table A.7-2 Summary of Differential Operations Involving the V-Operator in Cylindrical 
Coordinates (r, 6, z )  

1 d 1 (9% dvz ( V - v )  = --(rv,) + -- + - r dr r d o  dz 

1 dv, (T:VV) = rrr($) + rr,(rdB - 4)  + r r 2 ( 2 )  

+ Tor(z) + roe(+ 3 + :) + roZ(g) 

ds [Vs], = - dr 

1 ds [Vs], = - - 
r d o  

ds [Vs], = - dz 

1 dvz dv, [V Xv],=---- 
r d o  dz 
dv, dv, 

[ V x v l  - - d y  * -  dz 

1 d 1 Jv, [V x v], = --(rue) - -- r dr r a0 

1 d 1 d d Too [V ' 71, = - - (rr,,) + - - Tor + - rzr - - r dr r d o  dz r 

1 d 1 d d 7 e r  - 7 r e  [V ' 'TIe = - - + - - Tee + - Tze + p 

? dr r d e  dz r 

1 d 1 d d [V . 71, = - - (rr,) + - - roz + - r,, r dr r a0 dz 

[vbl, = ~ i ~ ( ~ z )  + L & + %  
r dr r2 do2 dz2 
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V @  
(v ' V7)," = (v ' V)r,, + y T,, (11) 

(v VT),, = (v v)T,, (JJ) 
d v, d d where the operator (v . V) = v, - + - - + v, - 
dr  r a6 az 



836 Appendix  A Vector and Tensor Notation 

Table A.7-3 Summary o f  Differential Operations Involving the V-Operator in Spherical Coordinates (r, 8 , 4 )  

ds [Vsl, = - dr 

1 ds 
[Vsl, = - - d8 

1 ds [VsI+ = v - 
r sin 8 d 4  

1 d [V xv l ,=- -  
1 dvO 

(v ,  sin 8 )  - - 

r sin 0 dd  r sin 8 d 4  
1 dvr 1 d [V x v ] ,  = - - - - ( r v &  

r sin 8 d+ r dr 

1 il 1 dv, [V x vl, = -- (rv,) - -- r dr r d8 

1 d 1 d 1 d 7 0 8  + 74, [V - I ] ,  = - - (?rJ + v - (rBr sin 8 )  + ------ - 
r2 dr r sin 8 dB r sin 8 d+ r+r - Y 

1 d 1 d 1 d (rer - rr0) - 744 cot 0 
[V -11, = - - (r3rr,) + -- - (roo sin 8 )  + - - 

r3 dr r sin 0 d6 r sin 8 a4 "' + r 

I d  3 1 d 1 d (T,, - rr4) + rdo cot 8 
[V . 714 = 3 - (r rr+) + v - (r,+ sin 8 )  + ------ - 

r dr r sin 8 d8 r sin 8 d+ r4' + 
r 

1 
r2vr) + - - 1 d2v, 2 (7 2 dv+ 

,V2vlr = - (- - ( ) ( s i n 8 % ) + + s i n 2 ( j d + 2  ? s i n e d *  
(v ,  sin 8) - - -- 

dr r2 dr r2 sin 8 d o  ? sin 8 d 4  

(v, sin 8 )  + 1 #vB I 2 dvr 2 cot e ) $ s i n ' ~ d + ~  r 2 d 8  r 2 s i n 8 d 6  

(v ,  sin 8 )  + 1 d2v, +--+---- 2 dvr 2 cot 8 due ) ? s i n 2 8 d 4 '  r 2 s i n 8 d 6  r 2 s i n 0 d $  

1 dw 1 dw, W ,  
[V ' = + v,(T % - :) + v4(=% - ?) 
[V . ,w,, = ,.(?) + ,,(; 2 + ?) + 2 - 8 )  

1 dw* w w, 
+I+, cot 8 [V VWI+ = v r ( 2 )  + v,(+ 2) + v4(- r 
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1 duo 7'4 
- cot 8 { V ~ i + o  = - r 

1 dv+ vr v, {VV},,,,~ = - - + y + y ~ 0 t 8  
r sin 8 d+ 

d Ve d + d where the operator ( v  V) = vr - + -- + - - dr r d8 r sin 0 d+ 




