Lecture 2

Vectors.

What is a vector?

* A scalar quantity is one that is represented

by a single number. (Eg: Mass, length, time,
temperature, volume.)

* A vector is a quantity which has both magnitude
and direction. (Eg: Displacement, velocity, force.)
Notation: A or A (or A)

Magnitude (how long): |A| or A

Direction: something like "Makes an angle of 36°
with the horizontal as measured CCW"

Vector basics

* Equal vectors: Moving from P to Q, and from R to S

/Q S
’ R/( A=8

*Opposite vectors: moving from P to Q, and from Q to P.

~
*Unit vector (A) magnitude equals one. A= A A

Vector addition: Moving from P, to Q, to R

A Q
P x B C=A"'B
\C R
Vector subtraction: +s an addition!
A-B= A+(- B)
A

have to add to B to c=A-8

Visually: What do T
get A? l




ACT: Vector addition

All the vectors below have the same magnitude. Which of
the following arrangements will produce the largest
resultant when the fwo vectors are added?

@- 2. 3.

Components

A vector can be thought of as the vector-sum of the
projections along the coordinate axes.
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Cartesian unit vectors and components

A A A
Some special unit vectors: / J k
’ ’

Any vector can be written in ferms of these basic unit vectors:
A=A +A +A4,

P SAY Al Ak

N CARTESIAN COMPONENTS
i x
/i( Another notation:
z Az(ALA,A)

Polar Components (only 2D)

Magnitude |A| and direction

'\ @ angle 0 taken counterclockwise from the x axis

A)( =|AIC059 IAl:\Ax2+Ay2

A = Alsine 0= arcTan( ]

NN




Vector addition in terms of components Scalar (dot) product

- Geometric: c B . —
ﬁ e A-B=|AllB|coso

A

+ Algebraic: A,+B,=C,

B
_ i.e., do all the walking in the x-
AY+BY'CY direction first, then all the 9 —_
Az+Bz:Cz walking in the y-direction, etc. A
Noteworthy Noteworthy
Parallel vectors i.8 =
- = A B ABpr‘ojecTed in the direction of A
A-B=-AB 84
i - jected in the directi B
Antiparallel vectors rojected in the direction of
A-B=-AB o
i A-B=A(BcosO) =AB, i redin the directiono
Magnitude of a vector ‘ ( ) rojected in the direction of A
‘A‘Z = AT AT Bcosl = Bproj onA

The dot product selects the part of 8
A-B=0 that is in the direction of A.




Dot product in Cartesian components

/7-5:(AX/¢+Ayf+A1/\:\)-(BX/¢+Byf+BZ/€):

=A, BX:L(T_'-/_?E +AB, {f;ﬂ +o
1 0

A-B=AB +AB +AB,

Angle Between Vectors

We can use the dot product to determine the angle
between two vectors:

N
W,

A-B=|A||lB|coso cos 6 =

N
W

Example

Find the angle between A= (2,-5,0)

and B=(4,-1,3)
osg A B 24+(5-D+30 13
AIBl 2+ (Y +0P#+ (17 +3 754
13
0=cos| =—|=617"
€08 («/754]

Example: Dot product

Which pair of vectors will have the largest value for A-B?

A AB = 25 cos60 = 12.5 B

A
AB=0 R =
a b c AB=0
B 60° B A

|Al=|B|=5 |Al=IB|=5 |A|=|B|=5

iA 100, A
d ELI e —

|Al=IBI=3 lAl=IBI=S

AB = 9cos30 (< 9 < 12.5)

AB = 9cos10 (< 9 < 12.5)




Vector (or cross) product

The vector or cross product between two vectors

AxB AxB .

B
is a vector with: e -
* Magnitude: |/7 X §| = ABsind A

* Direction: Perpendicular to both A and B and as
given by the right-hand rule.

Right-hand rule

@ = out of the page
@ = info the page

AxB




No‘rewor‘fhy Cross product in cartesian components:
/?xé:(AX/?+Ayf+A‘,/?)x(BX/¢+Byf+BZ/€):
- o BT ABT ) -
e Ax B isavectorl (A-8 isascalar) o - _/_?_ -
e AxB=-BxA
. ATXAj :O - — ~ ~ A
o Fxi=0, jxj=0, kxk=0 AxB=(AB -AB) +(AB -AB)j+(AB -AB)k
/9><f:/\:, jx/?:/’h, /é\x/{\:j /{‘ J“ /;
-4 A A
8, B8 8




