Section 2.3
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[image: image2.png]Compare the functions y = x2 and y = x*3 in R, and decide whether or
not each function is differentiable at x = 0.
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[image: image3.png]Now consider the function
z=Rxy) = ()3 in R3.
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What does f{x,y) look like in
the xz plane where y =07 z=0

What does f{x,y) look like in
the yz plane where x =07 z=0

What does f{x,y) look like in
the plane where x = 3?




[image: image4.png]Example

Find the plane tangent to the graph of =
®.4.-1).
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[image: image5.png]In order that a function f{x,y) be differentiable at a point (x,, y,), the
function must be “smooth” in all directions, not just in the x-direction

and y-direction.

It a function f(x,y) is differentiable at point (x; . ). then we can use the
value of each partial derivative at the point to find the equation of the
plane tangent to the function at the point:

The equation of the tangent plane can be written as g(x,y) = ax + by + c.

The following must be true:

The equation of the tangent plane is




[image: image6.png]Look again at the definition of differentiable in R* on page 133, and
observe that we can say f{x,y) is differentiable at (x, , y,) if

(x—xy)
Sxy) = fxg, o) = [f:(xo > Yo) f;(xo s J’o)]
. (G 0))
lim =0
G, M=%, 5 o) (G ) = G ¥l

Ifx=(x,x,,...,x,) is a vector in R”, and f(x) is a function from R”" to R,
then we define f(x) to differentiable at x, if

. Sx) = fxg) — DAxg) (x — %)
lim =

XX, I x—xql

0 where

Dfix,) is the 1xn matrix of partial derivatives at x,, , and
(x — Xo) is the »x1 matrix consisting of the differences
between cach variable and its specific value at x,, .
(NOTE: A 1x# matrix times an nx1 matrix is the same
as the dot product of two vectors.




[image: image7.png]Suppose X = (x; , X, , ..., X,,) is a vector in R, and f(x) is a function from
R"to R™. Then, we can write

S = ). A0, - o]

We let DA(x) represent the mxn matrix with row 7 consisting of the
following partial derivatives:

We call Df(x) the derivative (matrix) of /', and of course Df(x,) is the
derivative (matrix) of fat x;, .




[image: image8.png]Example

Find the derivative matrix for w = f{x,3,2) = (x? + x| In(xz+y) ) .

Dfixyz) =

Find the linear approximation at the point x, = (1, e, 0).
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