Section 11 — Vector 4/3635%2

X Linear spaces L
~ linear combinadion: (LU+PNV)Y s the basic operation
~ basis: ( Qj%xl\% or Gl ) # basis elements = dimension

independence: not collapsed into lower dirmension

closure: veclors span the entire sSpace
~ Components: Y = abu-g(g, +Cr =@kE) <§>
n madrix Fors: '§< _ E X

x Ax R Cx
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~ binstein notation: implicit summation over repedted indices X=b, K= };b& W

((g(,> where s
xov Ei—_‘g\( @\X+ %O(‘a+ A?;C(Z — C'/;( %i‘) <§§> (L(Saa//y one Upper,

one lower index)

~ direct sum: C=A®R add one vector from each independent
space Zo 3@5 veclor in Che product space (net 5//»7/9/5/ wnion)

~ prq/'eciz'onf the vector O= a+E has a anz‘fae decomposition
(coordindes’ (’&3 B) in A) R) - relation o basis/ Components?

~ all other structure is added on as multilinear (Zensor) extensions

X Metric Cinner, dot) product - distance and angle

oo 3 b
c=a-p=abesg=0,b=ab =abrdtab,=ab = @r%@(”’?)
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~ P/‘OP&/‘{I‘QS : l) scalar valued - what 15 owler //‘Oc/b(df7 a{,} b
2) bilinear Fors a-(o+c) =a-bra-c (@+b)ec =a-c+b.c S R

3) Syrmmelric o pb=p-a \

~ orz‘/]onor/y/a//‘fy and COMP/ez‘eheSS — Zewo Fundamental identities
help to calculate components, implicitly in above formelas

éé o é = Kronefer deltai components 8 RIS oo -
3 A /? [ of the /a/e_nZ‘/‘fy PG i “y T O _( 7[‘ (};é ~ (@ ( O> :_L
'E():jf €.e = ] & OO
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~ orthogonal projection’ a vector N divides Z4e space >< into XU\(\ ® XI n A R -oc
georelric view: dot product (- 52 ’S /en35/7 of 52 a/on3 A & N
Projection operator: = (?\\ﬁ ., acls on x: (F[)I 5 = o= AR

~ 58/78/‘62//280/ metric: for basis veclors which are not orthonormal, g % q
collect all nxn dot products into a Symmetric matrix (metric tensor) % = g“ %Lz gw
U gz A23

%wﬁ;‘ Py X9 = 0, ‘Eéxj = XCS)CO-X“} (x %xﬁ)(%u%u%lej \/') I @

T T = Ju I Ges <\/2
,_X \SD"PDX -X (BX g?xgi%?-%a \/3
in the case of a non-orthonormal basis, it is more difficult Co £ind components
of a veclor, but it can be accomplished wusing the reciprocal basis (see )



Exlerior Produwctds - /7/:9/78/‘ —dimensiona/ oé/'ecZ‘S

#* cross product (area) } .
C=0xb=Rabsio=figb=-Aab=|% G 2
= - a, a
where Lo and WL  (BY—rule) bi bﬁ gj
~ properties: D vector—valued
2) bilinear ax(bsc)=aaxbraxe (arb)xe =axc+bxe
> /. /‘ N == _ — s N N
3) antisymmetric ox B =-0H X[o\, ) Bl = B
~ ~ /K even permudalion = ((2_A=>
B ,. oA _ J 7 Br (380
Components ‘66 x & 4= 8% ek 8‘.’(5k = {_ | ik odd permedation Coardlel)
where €3= 3= Eyp=1 O repeal‘ea’ Index
&= Eiag= Eqg= 1 Levi-Civita Zensor - COMp/ez‘e/y anz‘/'\symmefr/‘c-'

SN o - . S A A
Kxy = X \o.cx\oé\/lj—— E%kXy” e,

~ orihogona/ pr?/'ect/‘on-' /V\\K proJectS 1 Zo n and rotates éy 90°
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~ where 15 the melric in x?7
veclor X veclor = pSeudovector
N N AN ¢
Symmetlries act more life a bivector
can be defined coithowtd metric

A Z(/‘/p/e prodacz‘ (volume oFf para//e////ea/> - base times /7e/:3/7f &: a ”B%E — qﬁ Q‘g q%
~ Comp/efe/y antisymmelric — defimtion of deterrnnant \Dx \On \O;_
~ why IS Rhe scalar product symmetric [/ vector product antisymmetric? Cx Cj Ca

~ Veclor veclor x veclor = pSeadosca/ar ( Cranstormalion properf/'es>
~ ac?s rore life a ‘Yrivector ' (volume elesent)
~ 623@//7, where 15 the metric? (not needed!)

X exterior a/geéra (Grassman, Harilton, Clifford)
~ extended vectlor space with basis elements £rom oé/‘ecz‘s of each dimension
~ pSeudo-vectors, scalar separated frort normal vectors, scalar
magrlude, /e engt A, area, volume
scalar, vecZors, bivectors, Zrivector
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Ly KRGz, 19,925, g
~ what abocut hlgher—d/'men\sfona/ spaces (like 5}@Ce—f/me>.7

can't Form a vector  cross —-proc/acz“ like in 3-d, but Still have exterior product

~ all other proa/acis can be é/*o,ée_n down into these § elerents
rost /mporz‘anf exa/y/p/e-‘ 34 C—-C4 B rutle ( %A)lf relation o prcejedforé)

o AxBre) =BAC)-CARY o
£ R (E B )= (SnGin=8a S N B = B~ CIAR)



