12.2 Vector Intro Entry Task: Consider the 2D vector
V=< 4,2 > VI,

X
Def’'n & Notation: A vector represents (a) Draw it with its tail at (5,3)23‘“
magnitude and direction. (b) Draw it with its tail at (0,0)

)}

We depict a vector with an arrow:
a. magnitude = “arrow length”.

\/
b. initial point = “tail of the arrow” + 53) <u,~2>
c. terminal point = “head of arrow” 1
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We denote a vector according changes
in X, y and z change from tail-to-head.
V= < Vq,V,, 03 >
=< Ax,Ay, Az >

: (4,-2) same vector,
<'-I-,Az.> pU‘l‘ in dI'F(, /
v plowces

Vedliors olesisno:rg

In other words, if you move the vector
so the tail is at the origin, then the — o
head will be at the point (v, v,, V3)




Quick Run of Basic Facts

(please also read the text!)

e Two vectors are equal if all
components are equal.

e The vector from A(ai,az,a3) to
B(b1,b2,bs) is given by

AB =<b1—a1, bz—az, b3—a3>

headl - +au|

length
e \We denote magnitude by
|V| = \/Ulz + v22 + v32
distance formula

— —)
L-> colbsolute valve

Examples

e If <a, 4> =<7,4>, what is a? 7

—

e Find the vector depicted by drawing
an arrow with tail at A(2,3,0) and
head is at B(0,0,5)?

A:B <6-2, 0-3,%5-0>

FAB <-2,—-3, 5>

() A(Z/B/O)
Se 6(0/016)

e Give the magnitude of v =<3, 2, 4>?

IVI=d a+ 9 +16 =29




e Scalar Multiplication Examples

If cis a constant, then we define e Give the vector in the direction of
CV = < CV3, CV3, CV3 >, v =<3, 2, 4> that is twice as long.
which scales the magnitude by a =
2\/ - Z.< 3 )2/ L"’>
factor of c.

Zﬁ = <Q>}L"}g>

negoive
e Give the vector in theopposite>

direction of v =< 3, 2, 4> that is
three times as long.

_§>\I=‘3<3/2/ L',’>
- = <-9,-C, —\V2>

e A unit vector has length one. Note: o Gjve the vector that is length one

1 : . , N
i “unit vector in the same and in the direction of v =<3, 2, 4>
-
direction as v”. V| = faeae e =429

| 2 L/
—<3,z4>=_ >, =, 1
o = = 5o j

Visuals: https://www.math3d.org/W5yYV3uy




Vector Sum:
We define
V+W =<V, Vy, V3> +<Wj, Wy, W3>
=<Vi1+ Wi, V2 +Wj V3 + W3>

Visuals: https://www.math3d.org/W5yYV3uy

Example

e Find and try to visualiz¢ t f
a)= (3,4,0) and®)= (0,0,2).

atob= < 3t0, 4+0, Ot 2D

Veltor Som =
reso\Hont orce



e Standard unit basis vectors:
i=<1,0,0>=1
. -_—
J]=<0,1,0> =4

—_

k=<0,0,1> = ¢

Examples:
e \What vector is given by
v=3i+2j—k?
= 3<1,0,0>%+ 2<¢0o,1,0> — <O, 0,1
—-<3/O/ O>+<C)/2/O'> —<O/O/l>
=[<3,2, (5] = also 3—6‘1_25-*_ v
e \What vector is given by
v=2i+k?
:2<|,O,o>+<_o/ o, 1 >

:l<2/0, |>(




e Working in 2D (angles?):
If the angle, B, and length, r, as
shown

Remember,

X =r cos(0), y = rsin(0), x2 +y? =r.

)

-300, 0 >

Q) o}

= <100, 1003 \

Example (HW question)

12. + Question Details

Find the magnitude of the and tl
magnitude N
B . at\o

angle

<
>

o/ =27

0

Given: |a]| =200 N, |b| = 300N.
Want:

Length ofa + b?

Angle a + b makes with pos. x-axis?

%y D= 2520209
* oin(e0") = _9_ 200(\%

RG.



e Working in 2D (slopes?): Example (HW question):

If you want a vector that is parallel

Find a unit vector that is parallel to the line tangent to the parabola y = x?2 at the point (3, 9).

to a line with slope m, then the |
vector <1, m > works!

i+ eCiyr pCLYO.UG( —
civicle ij \QV\QWN('

J =2+

/ VeCtor pavalle| to line

DX, By S
S J by
same siope ! ( AX

Visual: https://www.desmos.com/calculator/rfr5ajmxkt



https://www.desmos.com/calculator/rfr5ajmxkt

12.2 Old Exam Problem (do this over

and over again until it is easy!) LX=| B c
2y =0 |
The parallelogram shown has corners, 872=4 -

A(1,1,2), B(2,1,6), C(?,?,?) and D(5,2,3)
(a) Find AB + AD.

(b) Find the coordinates of C.
(c) Find a unit vector that is parallel

to BD.
AB" <2Z2-1, 1-1,6-22
AD = <B-l,2-1,3-2> =

ADrADﬂ<qﬂ,6>7

A _ C = /c%
D (Paraiiglog m@
ead - £ a4

->'<\)O,L+>

<y, 1, 1D

&_—j CVIOMSCS \_

1o get Gom point Ao paint C

1C,f—‘ccp?_ —:)x
VD= <B%-2,2-1,3_¢>S

> L
B&‘q” Jﬁ’\ﬁq‘%

[cwy""’" d 4149 = 19

C
= <3,V, 732>

visual: https://www.math3d.orq/431r397M



https://www.math3d.org/43Ir397M

Preview - 12.3 Dot Products
We define
a - b — a1b1 + azbz + a3b3

Manipulation facts
a-b=b-a
a-(b+c)=a-b+a-c
a-a=a‘?+as+aé=|al?

The most important fact:

a-b = |a||b]| cos(8),
where 0 is the smallest angle between a
and b. (0 < 6 < m) TAIL-TO-TAIL!!

Most important consequence:
If a and b are orthogonal, then
a-b=0.



