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X Linear (vector) space R R -0
~ linear combination: (LU+PNV)Y s the basic operdation
~ basis: ( Qj%x/\% or ab ) # basis elements = dimension

/nc/epenc/ende : pot CO//c;ﬁ\Sea/ Into lower dirrension

closure: veclors span the entire sSpace

~ Components: Y = abu-g(g, +Cr =@kE) <§>
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~ binstein notation: implicit summation over repedted indices X=b, K= };b& W
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~ direct sum: C=A®R add one vector from each independent o VA
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

* Metric (inner, dot proa/acz‘> - distance and angle
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2> bilinear Form Q-(\Oka’,}:O\'b +ta-C (Owb}c =Q-c+b-c B ) TN
3) symmetric o pb=p-a

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

AN Kroneker delta: components A
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geomelric view: dot product In=9C 15 length of’ SC along .
Projection cperalor: L= \?\ﬁ ., acls on x: (E)I 5 = 5(:0: AR 5 " \/

~ 58/78/‘62//280/ metric: for basis veclors which are not orthonormal,
collect all nxn dot products into a symmetric malrix (metric tensor)
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in the case of a non-orthonormal basis, it is more difficult Yo £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)
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~ froperz‘fes : ) vector—valued N O‘KE:O{KEJ.
2) &ilinear ax(b+c)=axbraxre (csbre =axc+bre 5%0845}:6
3) an‘/.SyMMeZ(I‘/‘C ()1}« B = — EX& (oriented) ( para//»a/)
~ componentsi &, x gé: e kg Levi-Civita tensor - completely antisymmetric:
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~ where 15 the melric in x?7
veclor X veclor = pSeudovector
Symmetlries act more life a bivector
can be defined coithowtd metric
* Z(/‘/p/e prodacz‘ ( volwure of para//e////ea/> - éa5e Zimes /7e/:9/7f &—— a \5 - QT‘ Q‘;) q%
—_ o XO pumny
~ Comp/efe/y ahz‘/SymmeZ‘r/c — defintion of deterrvnant b‘# \OU \011_
~ why IS Rhe scalar product symmetric [/ vector product antisymmetric? Cx Ctj C,

~ 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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~ 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)
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