



































































































































Vectors

GeometrioDesosiption
Vector rt quantityw magnitude tot and direction

7 leg displacement SI velocity T force5
Scalar k is a quantity with magnitude andsega
leg charge q temperature T

I
7 Basic Operations
Ftw vector addition

commutative J at Itv7
associative a a It a

2
7 scalar multiplication KT

magnitude Ikot KIKI
same direction K 0 opposite KLO
distributive ace at tuco

Catb I at BE
To y
J vector subtraction J E It C t.io

gif zero vector I to J J J 0

AlgebraicDescription hat _unit length
I2 n

Introduce orthonormal basis Ex dy Iz
I g p

v i it orthogonal unitlength teil 3
EY i v Ee
q y y

i3 forms a basis for the vector space
r IT
e v

L Any it is a unique linearcombination of Io
T v t v'tdy tVitez
A

componentsof J II basis
Vectoraddition scalas multiplication by components

D at but UX a 1 6w

Index notation wi avi bwi ki x y z
Q How manyequations is this d 3 for3dvectors durgecil






































































































































2 n
Can choose any orthogonal unitvectors as basis

7 Different bases are related by rotationsandreflectionsn s it
ez i itn r

Iff s nil vector v
g i y

does not depend on basis but
Y if compared do

a I
ex

Often write components as columnvector

t Evie fy
NOT an equality I

II
ble RHS dependsonaggsais

though sometimes people write equality so long as oasis is fixed

Q Is a pout P a vector
2n

g
p xyz

No But displacement is

Eeg g
Vector fromorigin to P is radiusvector

LTE Y F xE tyeytzezex
L
x






































































































































ScalarDotProduct vector vector scalar

J tow 101101cosOvw geometric undepofwordsn
i f T T A

vector scalar
C

Project it onto directionof 5 scaleGyIwl
Er
whos Commutative Too To

distributive Focus Ee J w Tote

Novellengthsquared Joi ht
n Schwartz Inequality I vote lullwl

nez orthogonality tow o T To orthogonal

7 yr Orthonormal basis
ey

E Sij I if cg unit
I 0 else orthogonal

Kronecker Delta symbol

Orthogonality Trick Dotproduct w 0N basis gives componentsIT
I Ex Hei v ite v

do o J i

Dot product in components

tow To EI wi To wi

M Ts
vow viwi I viwi Einsteinsummation convention

sure repeatedcudices

Pythagorean7hm NTI E J Vivi x y 22






































































































































Eros Qet vectorexvector pseudovector

NAIB AIR AB sin0 IAB
magnitudeThection

this
era I a B with righthand role

Push A with righthand
Eisen era

Area of parallelogram TAIBI ABIsinQ1

anticommutative AxD B x A why rightpantsopp dir

Q Why special to 3d 2 vectors specify a plane uniqueIveciusel

In components

AIB Ix Ey Iz
14 Bag BAE

wi ret to determinant later

ExAyBz AzBy t AzB ABz tez AByAyB
F sum on g k

Index notation A BJi EiskATBK

def The Levi Civita symbol Cidk is the completelyantisymmetric

symbol with 3 cudices such that CXYZ 11

complete antisymmetry swap any 2 indices get a signA
c idk sik Eisk cKyi

Equivalently C5k 1 if gk is an even permutationofxyz
1 if odd
0 if any indices agree






































































































































Scalar

tripleproductho
B XI AiCB Ai C Sk BICK

E'SKA BICKn

E o oriented volume ofHoppedB

A o sign orientation ve of A B C righthanded

Also can be written A AY AZ
Be Bey qE

ifyouknowdeterminants




