Notation and Vocabulary for R":

» One dimension = real-number line = R.
» 2-dimensional space = plane =R2. We'll call it “2-space” sometimes.
» 3-dimensional space= space=R3. We'll call it “3-space”.
» In general, n dimensions=R"= n-space.
3-dimensional space is the highest number of dimensions we can readily
graph.
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Most ideas related to points in 2-space have a natural extension to 3-, or
n-, space.

» Distance in 3-space

distance = d(Pl, P2) = \/(Xz = X1)2 + (y2 = y1)2 + (22 = 21)2.

» Just as a circle of radius r centered at (a, b) consists of all points
(x, y) that are a distance r away from (a, b), so

(x—a)+(y—b)?>=r>

a sphere of radius r centered at (a, b, ¢) is of the form

(x—al+(y—bP?+(z—c)?=r>

Math 236-Multi (Sklensky) In-Class Work January 29, 2010 2 /11



Vector Basics

» scalar=quantity described by magnitude only.

Examples: area, length, mass, temperature

» vector=quantity described by magnitude and direction.

Examples: wind velocity, force, displacement

» Represent vectors with arrows

» direction of arrow= direction of vector
> length of the arrow = magnitude of the vector
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Vector Basics
» Geometry of Vector Addition:

v
> zero vector, 0 = vector whose initial and terminal points are the
same — a vector of length 0.

» 04+ vV=v=v+0

» scalar multiple k'v' = vector of length |k| x length of V', direction
is the same as that of v if k > 0 and the opposite of that of v if
k <0.

» (—1)V'=the opposite of V'; can write as — V.
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Vector Basics

» Given any vector V', if you position it so that it's initial point is at
the origin and it's terminal point is at the point P(vi, v2), or in
3-space P(v1, v2, v3), then we call these these coordinates the

— .
components of the vector v', and write

— —
v =< vi, Vv > or VvV =< Vvi,Vo,Vv3 >

» If we have a vector with initial point P; and terminal point P,, don't
have to re-draw it with its initial point at the origin:

—

PP, = <xo—x1,y2—y1>

——

PPy = <xo—x,y2—y1,22—21>.
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Vector Basics

» Addition and subtraction are done component-wise:

Example: If @ =< 3,0, > and E) =< 2,2 >,

+b = <30>+<22>=<52>
b

o] of

= <3,0>—-<22>=<1,-2>.
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When we write a vector using the notation V' =< x,y,z >, we know that
if we choose to draw this vector so that it's initial point is at the origin,
it's terminal point is at the point (x,y, z).

Length of vector = || V| = v/x2 + y2 + 22.

This length is also called magnitude and norm.
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A unit vector is a vector of length 1.

» In 2-space, < 1,0 > and < 0,1 > are unit vectors pointing in the
direction of the positive x and y axes.

These are commonly written as

s

» i =<1,0>
i

» j =<0,1>

Any vector < x,y > can also be written x i +y j .
» In 3-space, we expand on this:

.

» i =<1,0,0>
=

» j =<0,1,0 >
—_—

» k =<0,0,1>

Any vector < x,y,z > can also be written xi +yj +zk.
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Dot Product

> If V=< vi,v» > and W =< wy, ws >, then

_ = def
V - W=<Vv,W> - <w,W >= VW] + VoW

> If V =< vi,w,v3 > and W =< wi, wp, wz >, then

— —> def
V-V =<v,Wwv3>- < W, W, Wws >= Viwy + vown + vaws.

= —
> In general, if vV =< vi,va,...,v,>and w =< wy,wo, ..., w, >,
then
— — def
V. -W =< V,...,Vpg > - < Wp,...,Wph >= ViW] + VoWo + -+ VaWp.
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Dot Product

2
Hv’“z:< v12+...+vg> - WU
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Let @ =< 3,5 >,

1. Draw a and
draw .

o —

b=<7,2> and ¢ =<1,3,—-2>.

—

b on the same set of axes. On a separate set of axes,

2. Draw?—i—ﬁ and @ — b.
3. Find @ - ﬁ if possible. If it's not possible, why not?
4. Find b - °C, if possible. If it's not possible, why not?

5. Is the angle between a and E) acute, orthogonal, or obtuse?
Do (5) without calculating the angle.

6. Find the angle between a and b.

=
7. Find two vectors perpendicular to b .

8. Find three vectors perpendicular to .
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