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Chain Rulesfor Several Variables
z
1. Partial .”— treat as finding % while treating all other variables as constants (except x)
X

Ix
2. Differentia dw=ﬂ—wdx+ﬂ—wdy when w= f(X,Y,2)
fix iy

dw _fwdx fwdy fwdz
.Wh = = f = =h . A
3. When w=u(X,Y,2), x=f(t), y= g(t), z= h(t), o T + fy dt + 0 d
ﬂ_\N:ﬂ_\NB+ﬂ_\Nﬂ and ﬂ_\N:ﬂ_\NB+ﬂ_\Nﬂ
s ™XTs Ty Ts it ™xq 9y M
dy_ F(xY)
dx F,(xy)
6. Implicit for Fxy) = 0, 2= By Tz F(xy.2)
x F,(X,Y,2) 1\ F,(X,Y,2)

4. Whenw = f(xy), x = g(st), y = h(st),
5. Implicit for F(x,y) = 0, (y implicit),

(zimplicit)

Directional Derivative of f in the direction of u

D, f(x,y) = f (% y)cosq + f,(x y)sing, D,f(x,y)=Nf(xy)-u
(u=cosqi+sgng j, uaunit vector)

D,f(xy,2)=af,(x,y,2) +bf (X, y,2) +cf, (X, y,2), D,f(xy,2)= Nf (x,y,2) - u
(u=ai+bj+ck, uaunitvector)

Gradient of f

Nf(x,y) = f,(x,y)i+f,(X,y)] Nf (x,,y,) isnormal to the level curve

. _ _ through (X, y,) and

Nf(xy,2) = f,(x Yy, 2)i + f (X y,2)j+ f,(x Y, D)k Nf (X,,Y,,2,) isnormal to thelevel surface
. _ through (X, Yo, Zp)

Properties of the Gradient of f (when NIf (x,,y,) * 0, Nf (X,,Y,.2,) * 0)

If Nf (x,y) =0, then D, f(X,y,2) =0 foralu

The direction of maximum increase of fisgiven by Nf (x,y, z). Themaximumvaueof D, f (X, Y, 2) is

The direction of minimum increase of fisgiven by - Nf (x, y, Z). Theminimumvaueof D, f (X, Y, 2) is
- INF (%, y, 2)]-
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