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THEOREM 15.11 Directions of Change

Let f be differentiable at (a, b) with Vf(a, b) # 0.

1. f has its maximum rate of increase at (a, b) in the direction of the gradient
V£(a, b). The rate of change in this direction is | Vf(a, b)|.

2. f has its maximum rate of decrease at (a, b) in the direction of —V f(a, b).
The rate of change in this direction is —|V f(a, b)|.

3. The directional derivative is zero in any direction orthogonal to V f(a, b).
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Relationship Between Unit Vectors in Different Coordinate Systems

Polar Coordinates (2d)
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Differential Geometric Entities in Other Coordinates

“This s a course in differential calculus so we are interested in the following differential geometric elements:

* differential length (a vector ds in 2d and 3d)

).
« differential area, (a scalar dA) in 2d, but an oriented differential area (a vector d) in 3d,

« differential volume (a scalar dV) in 3d.

) ds
Cartesian (24) | dxs +dy§ dxdy
cartesian(3d) | dx? + dyg +dz2 na
polar (2d) dr + rdod rdrdo
cylindrical (3d)  dr + rd6d + dz2 na ds, = rdodzf
5, = drdz0
ds, = rdrdo2
spherical (3d)  dpp + pdg + psingddd | na s, = p*sinpdodop
S, = psinpdpdoy
S, = pdpdgh

Divergmu. Theorem

gq,xF.n,dS. =w -

—
LS RRE

LHS=RHS = Cowpue F

juv.r dv

wif clas 27

Stoke's  Theorem
fp.ms: Sgsj.ndf -

e RHS
1y 3 '
compure +equate = find £

Jj‘qu - nds
<

av
dzdydx

rdrdedz

prdpsingdgd

=— Pt

Do com §

1(-“0{/@



