BONUS PROBLEM WORTH 15 HOMEWORK POINTS

In homework #8, there is a formula for the gradient of the dot product between two vectors:

O(yew) = (Oy) e w+(Dw) ey (1)

However, if you look up the gradient of a dot product in a math handbook such as the CRC, you
will find the following horrendousormula:

O(vew) = (we D)y +(ve Dw+wx (Oxy) +yx(0xw), )

In eq (2), the notatiofw * ﬁ)y means the same thingy as{ﬁy) . In other wordith toen-

ponent of the first term on the right-hand-side of eq (mk%vig = W,V
k

This isnot the same as of the first term on the right-hand-side of eq (1), for whith tieenpo-

nentisg—vH/v =WV, ; .
Kk kVk, i
Lox

(a) Use indicial notation to prove that Eqgs. (1) and (2patkcorrect. Which of these equations
would yourather use in your applications?

(b) In this class, our proofs of formulas like this have employed indicial notation with respect to a
rectangular CARTESIAN basis. The last step in our indicial derivations is to express the final
result in direct notation. Explain why this process yields a direct notation formula that is valid for
ANY basis (even nonorthonormal curvilinear).

(c) Consider cylindrical coordinates. Then, for example; v, g, + Vggy +V,€, , Where the com-

ponents are all functions ¢f, 6, z)
() GRADS: Explain whyy » w = v, w, +Vgwg +V,W, , despite the fact that this is a curvi-
linear coordinate system.
(i) EVERYONE: Because the coordinates are curvilinear, the formulas for the gradient take
on a different form. The radial component of the first term on the right hand side of Eq. (1)
is (Ov)rrw, + (0y)reW,q + (J¥)2W, , where thar,r8,rz componentsdly  are obtained
from the formulas provided in the book for the gradient of vector in cylindrical coordinates

[Beware: when the book saysy , it means what Wegll = (ﬁy)T . Thus, you must use

the transpose of the book’s formulas if you really WE ] Using the book’s formulas,
write out an explicit expression for the radial component of the first term on the right hand

side of Eq. (1) ifv, = 10 vy = 0zr2 v, = r4sin@ w, =r wy = z8 ,ane, = 0



