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# f(x
,y) = 3xy2- 4xy ,

p = (1 ,
2)

-isa unit rector because

Inl=(i)===

Fregradientoff is

-f =( fx , fy) = (5y2 - 12xy
, 10xy - 4x*

At P = (1, 2)
, the gradiant is

8f = <5 . 22 12 : 12
,

1001 . 2 - 4 . 137 = 4- 4
, 16)

-

Thus
,

the rate of change of

- at P in the direction of i is

Paf (1 , 2) = Of (1, 2) oi

= <-4,
167 · [ ]

= (-4)() + (1)(i) = Se



#Pin
↓+ (1 , 2)=)= <51)
-

Note that the length of is

=2
.24

So, i is not a unit rector.

Let i=o=7 1
, 2) =[

i points in the direction of

but has length 1 (that is
,

is

is a unit rector) .

t



We have that the directional

derivative of at P = (1
, 2)

in the direction of t is

Dif (1 , 2) = Of (1 ,
2) · i

↑ = (i) ·[
we need
a unit[ =((+(Vectur

here

=
-



a
-g (2 , 8) = 45 (2 . 85"8

,
212 . 87"27

=8,)

-<, 4)

52 = <5 - 2
,

4 - 87
M

-
calculate Q-P

= <3,-47

We need a unit IVector .

-

IP)=4 ---
-

=16 = 5 -

-

Let #



i=(3-4) = (i)
Seei

Thedirectional derivative of above

gat P in the direction of Q is

Dig (2 , 8) = Vg (2 , 8) ·

=<1
, +) · <i*)

= (1)(5) + (t)(* )

=-=
-



⑪
h(x, y) = x- yh

-
PQ direction

Vector which is e
P = (2, 1)

-

-
↓Q= (2 - 0

,
1 - 07

P- Q ractur

= [2 ,
17

the length of ETQ is

Ita=+ H = 5 = 2 .
24

So PG is not a Unit Vector.

We divide it by its length



to make a Unit rector :

==<,
1

=
We want

Pah(2, 1)

·anLet's calculate

Th(2 , 1) . ·.We have

Oh = [hxyhy) = (2x
, 2y)



8 h (2 ,
1) = (2(z) ,

2(1)) = <4
,
2)

Thus ,

Pub(2,
1 = Vh(2 , 1) .

= [4
,
2)·'

= (4) · (5) + (2)(i

=

-6



/F2x+ y

and
P = Go t

k= - 2 :

-

2x + y =
- 2

y = 2x - 2

-

k= 0 :
-

2x + y
=OT#y =

- 2X
-

k = 2 :
-

2x + y =

2
-

2x + I
k= - 2

k= 0

↑ lies on the level

curve y = 2x + 2
&

When k = 2
.



⑮b)
The direction of maximal increase

of at 4 = (1
,

0) is Of (1 ,
0) .

We have
the

*
gradientOf =( fx

, fy) j 72 ,
17[instant

x+ y everywhere

#)= <, 17

The maximal rate of increase

at P = Co
,

1) is

== 5



⑮ Of (1 , 0) = <2 , 17

·
.

u

#
k=2k= 0

The gradient rector - f(1, 0) = (
, 17

is perpendicular to the level

curve k = 2.



l

=1 : -

x+ y
= = 1

k= 4 :

X + y = 4

x + y = 23.-

2

1-n
= 4

= 9
-

k= 9

x+ y = 3

Plies on the k = 4 level

curve x+ y= 4
.



# The direction of maximal

increase of at P = (0 ,
2) is

the direction of the

gradient rector If (0,
2) .

We have

Of = <f x
,
fy) =

(2x,
247

+y

-f (0 ,
2) = < 2(0) ,

2(2)) = <0, 47

The rate of change in the

direction of Of(u,
2) is

18 f(0 ,
2)) = 10 ,

4)

=+ 4 = 2



⑮ ↑⑨
The rector Ex+ (0 ,

2

-f (0
, 2) = (0, 47

is perpendicular

to the ilevel

curve -

n
= 4

X + y2= 4 -

k= 9

(k= 4)
-



u
We want the direction's
where D-f(0 ,

2) = 0.
U

Leti = <9 ,
b).

Recall that Of (0 ,
2) = <0,

4)

Then

Daf (0 ,
2) = 0

8f (0 ,
2) · = 0

< 0
,
47 · (a,

b) = 0

0(a) + Y(b) = 0

4b = 0

b = 0



Thus b = 0 .

So
,
i = (a,

b) = <a ,
07

.

We need i to be a unit

vector so we need (1 = 1.

We need

-
We yet

quarea = 1] both
sides

a = 1

a = It = 1) .

So
,

a = 1)
.

Thus , iii



⑭
-

u= 10,
17

z=0
,
-17 -

"
-

->
1-n

= 4

u
,

and U2
-

k= 9

are tangent
or parallel
to the curve

x*+ y=
4.


