
 
Lecture X 52.1 Vectors intheplane

2.2 Vectors in space
1 Introduction

Upto now we've describe Euclidean space I as thespaceof n x1
matrices with addition scalar multiplication and dotproduct operation

All these operations are defined algebraically they are well behaved

Today's Focus tr n 2 3 vectors can be drawn theseoperations

have clear geometricmeaning

Historically speaking the ideaof vectors comes fromPhysics n 1690s

after Newton's lawsof motion were written down The first vector was
forceacting on a particle where in orderthe accuratelyapply Newton'sPrinciples

we needto know notonly the magnitude butalso the direction in whichthe
force is acting

2 Coordinate systems in 2 3 dimensions artesian coordinates

Definition A point in R is specified by a real numbers
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Right hand rule for x y z coordinates m IR If you placeyour
right hand along the X axis in such a way that your fingers can more
towards the y axis then your thumb will put inthe Z direction



s Vectors in R R

Geometrically a vector is represented as a directed line segment joining
two points P Q

Q starting point or tail ofE P

Terminal point orheadofE Q
p

T É
Sometimes we write I P

Lengthof E magnitude

Observations I We don't distinguish between parallel line segments

of the same length pointing in the same direction
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2 OF theonlyvector of magnitude 0 and nodirection

PP for any point P

Q Canwe have a consistent choice to draw vectors

I Yes place the tail at theorigin 0,0 r geo

n I

l our pretend choice
Putin acts

7

Ny position rector

After this choice is made we identify the position rector with the location

of its head P ie I OF The coordinates of P are the
ansponents of E



As a ext matrix anector in R is represented geometricallyby
joining P a b to Qila d m the x y plane is givenby
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Similarly in 3 dimensions if P a b c Q az b2Ca they

POT differenceof coordinates

x ampment az a gampment be b Z component g c

Example If P lil 1 and PF I then

9 a b c satisfies
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m 9 13,0 s

Whydo we like position vectors

I We can decide whentwo sectors agree 5 5 if their position
vectors agree

Example Given AT with position rector E findthe coordinatesof
B given A 3,4 draw AB
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Magnitude of E If I PI then 1511 Is thedistancefrom
Pto Q Algebraically

I f in R m HE11 lat

I in R mi Hill fats

9 Addition Scalar Multiplication

Algebraically Vectors areviewed as 2 1 or 3 1 matrices and scaled

added componentwise

example s f 31 I f
Geometrically Wehave triangle parallelogram laws forrector
addition
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TriangleLaw Parallelogram Law

Triangle Law More E parallel to itself until Tail de E Headoft
Then I ti starts at the tail of it and ends atthe headof
the translated I
Parallelogram Law If É et start at the same point complete

the parallelogram Then Itf starts atthecommon tail andendsatthe
opposite corner in the parallelogram



For scalar multiplication we haveto change the lengthofthe rector

while eitherretaining the same direction lit scalar co or flipping
thedirection lit scalar co
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For substraction ordifference combine addition scalar wilt
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TriangleLaw Parallelogram Law

Sss Coordinate Vectors orbasic unitvectors

fly I 1 if E 181.51
in 113

In Calculus III we use 5,5 É for these and write vector as pairsor

triples ofnumbers souounded by angular brackets
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Proposition Any rector in IR r IR is a limas combination of basicunitvectors

why as af 9

I al l 1
Definition A unit rector is any vector of length 1

Example Find the unit rector in the samedirection as y

I y
m tell litat 11 167 566

Answer I unitrector
to
I

Iggy

Example Same question but now require length 8 oppositedirection to

I 5 8.5 7,5 85
32
566
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