
MAT203 : Multivariable Calculus Lecture 9
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Gradient
-
E = (xcy) is position vector

-

f(x,y) = F()

Def: D1(F) = D f (x
,y )

-

= 18(x, 3), (x ,y))
=

(x,y) + x
,3)

Ex : f(x
, y)

= x
2
- 2y2

Df(x,y)
= (2x

,

-4y)

the symbol & is called Enable

It is an ancient phoenician letter
.

It was supposed
to represent the

head ofa bull
.

Also symbolizes a musical instrument.

But for us
,
it is the vector of partials.
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Linear approximation :
= (x, y) E = (x0

,%07

f() - f(r) = fx()(x -x0) + 7,()(y -70)
= Df (5) : (x -x , y -- y0)

Since

DICE) = (f, (ii) , fy(r)

Thus
I() - F(r)= DF (E) . (-Er)

In particular
I
x
= D1 . Fy = x1 .
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DelFerivative
i = (a, b)

Es
114ll= 1
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l = i + + i

f(rtt) = f(xo+ +a
,
yo ++b)

I f(+ +5) = Fyotta , yott) a

+ fy (Yotta, yo ++b)
b

flu+tl : 7, a
+ fyd

= If (40
, 40)
.

Derivative in direction of a unit vector

Duf(40,40) = Y - 4f(Xo
, y:) ⑬



i = (a, b)

114ll= 1

RM.....
Dut is rate of change of f as we more in

direction i.

If . = 11781)//l cos4

- I <sos4 I

R ↑
When and If and same diretos

if and If are opposite directions

: Dufics is maximal if Il 48 (n

Duf() is minimal it -llD7(5)

Ti
.
e .

and If (E)

antiparallel

maximal growth if you move along gradient .
maximal decay if you move opposite . #



Example
z = h(x,3

z 1

I---
I

To climb the fastest, you
should go

in the direction of Af (x-,%) .

to decend the fastest
, go in

direction

07 -D8 (4-,yr) .

-

⑯..

How to find a point where a function is maximal?

choose initial point, and
move up the gradient !

Basis of Elitmethod in optimization . ⑤


