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Unit Vector

A vector with magnitude of exactly 1 has unit length.
= This IS vector does not measure units like meters
= Unit vectors have no units!

* The important feature of a unit vector Is its direction



Continue...

If A'Is a vector (ai + bj + ck), its unit vector Is given by;

A A
u=—
A
where \A\zx/a2+b2+c2
A (ai+bj+ck)
U=
Ja? +b% +¢2

Example: Find unit vector of A= (3i+2)+6k)

Solution:

AA

U=
A

where |A|= Ja? +b? +¢?

=3 +22+62 =49 =7
1 [
(_@ir2j+6k) 3, 2. 6,

7 7 1% 7




The Gradient Vector
The gradient of vector f is denoted by

VI itis called "del "

If f Is a function of two variables x and y, then the gradient of f is the
vector function f given by the following formula:

VE(xy,2) =] f,(xy), f,(6 )., f,(x¥)]

of . of . of
=—I1+— J+—K
oXx oy oz
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Example: Find gradient of the following vector at (0, 1, 2)

f(x,y,z) = sinx+e¥ +2°

Solution:
We have following formula to find gradient of a vector
of . of . o
vVi(x,y,z)=| f,.(x,y,2), . (X, y,2), f,(X,¥,2) | = | + +—K
(xy,2)=| f,(xy,2), f,(xy,2), f,(x,y,2) | = ey

After partially derivating with respect to X, y, z we get
VE(x,y,2)=(cosx+ye” )i+(xe?)j+(22)k

After inserting given values of x, y and z we get
Vf(0,1,2) =(2i+0] +4k)



Directional Derivative

Now we iIntroduce a type of derivative, called a directional

derivative. It enables us to find:

» The rate of change of a function of two or more variables
In any specific direction.

» Formula to find directional derivative iIs given below;

D, f(x,y,z) =(f,(xy,2)+ f,(xy,2)+ f,(X,y,2) )G



Example Find the directional derivative of the function at the point
(2, —1) in the direction of the vector (v=21+5]).

f(x,y) =x’y°— 4y

Solution: Step-1, First we Step-2, After calculating gradient vector,

need ol COMBHISENHIE we need to compute unit vector of vector v.

gradient vector at (2, —1):

|V I=(2)* +(5)°

viy )= Lir iy |v|=+/29
ox oy oz
VE(x,y)=2xy’ i+ (3x°y* —4) gV
| V|
Now we put values of x and y 2 . 5

U=

Vi (2,-1) = —4i+8j J29 29"
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Step-3, Find the directional derivative

Duf(X1 y):Vf (X1 y)U

Putting values of x and y, we get

D, f (2,~1) =V (2,~1)-u

- 2 5
— (4] +8i) | —=—— 4+ ——
( J)( 59 ngj
—4.2+8-5 32

D, f(2,-1) = e

J29 29



Example: Find directional derivative of the following function at (1, 3, 0) in the
directionof (v=1+ 2 j—K).

f(x,y,2) =xsin(yz)

Solution:  Step-1, First we Step-2, After calculating gradient vector,
need to compute the gradient

vector at (1, 2,0):

we need to compute unit vector of vector

v=i+2j-k
of . of . of 1 2 1
Vi(x,y,2)= —i1+—]J+—Kk — i
(X,y,2) = 8yJ s u x/5|+/6j \/gk

= (sin yz)i + (Xz cos yz) j + (xy cos yz)k

At (1, 3, 0), gradient is:

Vf (1,3,0) = 3k




Step-3, Find the directional derivative

D,f(x,y,2)=Vf(X,y,2)-u
Putting values of x, y and z, we get:

D,f(13,0)=V{f(130)-u
2 .
=3K- (—I+\/Ej 76 j

3
D, f(1,3,0) = 3(——] \E




