- Experiments tell us which physical quantities are scalars and vectors

- E&M uses vectors for fields, vector products for magnetic field and force
Representations in 2 Dimensions: Y
» Cartesian (x,y) coordinates

A = Axf + ij Ay=Asin®)

* Magnitude & direction

A= AL +AL 0= tan'1[A

N
7

A, = A cos(0) X

- Addition and subtraction A =

of vectors: (E = A + B means Cx =Ax +By and Cy = Ay +By

C =-A means Cy, =—A, and Cy=-Ay

- Notation for vectorsF =ma
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Definition: Right-Handed Coordinate Systems

We always use right-handed
coordinate systems.

In three-dimensions the right-hand
rule determines which way the
positive axes point.

A

:{/\

Curl the fingers of your RIGHT

HAND so they go from xto y. Your

thumb will point in the positive z X
direction.

This course uses several right hand rules related to this one!
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Vectors in 3 dimensions

Rene Descartes

Unit vector (CarteS|an) notation:
1596 - 1650

a=a xitayj+a, k

Spherical polar coordinate representation:

1 magnltude and 2 directions

(a !¢) A

Conversion into x, y, z components
a, =asinfcos¢
ay =asin0dsin¢
a, =acos0

-
———mmmmmP - — — — —

Conversion from x, y, z components

a= \/a,z( +ay+a; y

O=cos 'a,/a aﬂ‘\/\\w ........

¢ =tan”! ay/ay i /;\\ y
“x 4 sin(0)
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There are 3 Forms of Vector Multiplication

Multiplication of a vector by a scalar:
- . n A sA
SA=sAyi+sAy] /

vector times scalar = vector whose length is multiplied by the scalar

Dot product (or Scalar product or Inner product):

- vector times vector = scalar
- projection of AonBorBonA
- commutative

AoB = ABcos(p) = BoA = A,B, +AB, +A,B,
unit vectors measure i0j=0, jok=0, i-k=0
perpendicularity: iof= 1, jo ] =1, Kok =1
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Vector multiplication, continued
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Cross product (or Vector product or Outer product):

- Vector times vector - another vector perpendicular to the
plane of Aand E

- Draw A & B tail to tail:  right hand rule shows direction of C
é = A X é == é X A (not commutative)

magnitude : ‘C‘ = ABsin(¢)
where ¢ is the smaller angle from A to B

- If A and B are parallel or the same, AxB =0
- If A and B are perpendicular, Ax B = AB (max)

Algebra: distributiverule : A_}X (3 +C) =_ A X B + Ax C
associativerules: SAxB = (SA) xB = A x (sB)
(AxB)xC Ax(BxC)

Unit vector ixj=k, jxk=i, ixk=-]j /'\
representation: ixi=0, jxj=0, kxk=0 . K
re= - - ~ - ~ J
AxB = (Ax|+ij+Azk) X (Bxl+Byj+sz)

= (AB,-AB )i+(AB -AB)j+(AB -ApB )k

Z
___ Applications: 7 =FxF L=rxp |E=qE+ q\7x§ ;




Example:

A force F = -8i + 6j Newtons acts on a particle with position vector r = 3i + 4j meters
relative to the coordinate origin. What are a) the torque on the particle about the
origin and b) the angle between the directions of r and F.

q) Use:T =r xF
T =rxF =(3i +4j)><( 8I+6j)
=—(3.8)io + (3.6)ix] — (48)ixi + (4.6)j7
— 18k +32k
.. t=50k N.m [|3|= 50 along z axis
b) cCanUse: |Z]=rF sin(¢) ;

r=[32+4%21"%2=5 F=[82+6%1"2=10

r F sin(¢) =50sin(¢p) .. sin(p)=1
- 1%’

. $=90° thatis F_Lr

Better to Use: FoF = rF cos(p) =50 cos(p) Why?

FoF =—(3:8)ioi + (3091’] — (4-8)j41 + (4.6)j]
= —24 +24 =
. 50 cos(p)=0 so $=90° thatis F LT
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