Vectors and Vector Analysis

e Scalar — Representation of a
guantity using only a number )
(e.g., temperature).

e Vector — Representation of a
guantity that has both
magnitude and direction (e.qg.,
wind velocity).

e Unit Vectors — Vectors with unit
length (i.e., magnitude = 1)
that are parallel to the
coordinate axes.

Representing Wind As a Vector
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Magnitude of a Vector

A= A2+ AL+ A

Example:

’\7‘ — JUu? +v2 + W2

Basic Vector Operations
A=Ald+A J+Ak

Multiplication of a vector by a scalar:
cA=(cA )i +(cA, Jj +(cA, K

(change in magnitude without change in direction)




Begin with: A

Ad+A]+AK
B=B,i+B,]+Bk

Vector Addition:

= ,5\+I§:(AX+BX)f+(Ay+By)]+(AZ +B, )k

Vector Subtraction:

C=A-B=(A,-B,)i+(A -B,)i+(A -B,)k

Scalar or Dot Product:

L A-B=AB,+AB,+AB,
0 A-é:‘i«”é cosé
B

A-B is a scalar quantity




Vector or Cross Product:

A A
B, B,
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B, B,
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Axé:AK Ay A=
B

M N f+(AZBX—AXBZ) j+(AB,—AB,)k

Vector or Cross Product:

P
AxB=|A_ A Al=(AB,-AB,)i-(AB,-AB,)j+(AB,~ABJk
B, B, B,

p> T

Note: ‘AX E‘ - ‘AHE sing § B “Right-hand rule”
AxB-0- A8 \A
A

Ax B is a vector quantity




Triple Products (Caution!)
A (BxC) = (AxB)xC
(A-B = AB-C)

AX é X é is undefined.
(A é)x 6 is undefined.
(A-8)

.C s undefined.

Uses of the del (or gradient) operator

If f =1f(x,y,z,t) is a scalar function, then

Vv, f
indicates gradient horizontal gradient  vertical gradient
is computed in 3
dimensions VZ f

High
) o o \Vf
Vf is a vector that points in the direction of
most rapid increase of f at a given point, and - Vf
Vf points from low to high values of f.
Low




Euler’s relation (expansion of total derivative):

df of of of of
— =—HU—+V—+W—
dt ot \Nox dy 9
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Divergence of a Vector

(Divergence is a scalar quantity.)

Example (divergence of the wind):

V\7 :a_u+g+@
ox oy oz




Curl of a Vector

i ]k
- - oA ~ (OA A
curIA:VxA:i o Q: oA _ Ry i+[an_aA2jj+ Py oA k
ox oy oz oy oz oz oX ox oy
Ac A A

(Curl is a vector quantity.)

Laplacian of a Scalar

o°p 0°¢p 0’
Vip= ? - gf = ?
ox® oy° oz

(The Laplacian is a scalar quantity.)




