A companion +o veckurs .

Lesson Done .
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Thevectse U i a opowebeic cyech It has
Longtt / magnitude , an onientation | angte
rlative 1o otes vedhory , 63 wellas a dot
poduct with siwes vedsrs — bud we don't
hoe any o’f e ‘W\iﬂgs unti\ we hoge
defined o metnC g | Wt Ao we ave?



U belowgs 4o o vecker space T

(it al\ 2 usuad vetdor spoce axioms)

1€ we ook o set o basis veddors,
A A A

sum o3 (%, 9,2), we can

oleLowm PD3E 7 into

> X A
V)

U= X+ USY+UTR.
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T SamL vetior U can be expressed
A wany dcffesent cioices of bosis.
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Te sum U = U Ry UIGrUt R

can Be WwAHED W\ A wote compact Horm.

e X

U= U+ vigrUt R
-\- A
U"ZxU"‘xi

- ? CA

U = Utxi = oY% -

Thisis He Einsgldin Suwmwmation conveation:

repeated inclices o summed pues.



(etS consider te oot poduct e.9. WU as
depicted in twa dwogol. We ae used to 4he
S@o(mal\l!\ u U= wWg*«uwvis UL%U’
but fws 1S oNnly na specitic coscdinade
s%chfvw wifh & specfic medric] Lot cloes

UeU Seem 1o be? Whet i we clistect e
diasrau-\? How do arave gt +we qgwh-(-onmda.?
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U oand 0 Moy appeor T be parpendicules, Indicoding
o dot product 0% ze0) BUF niste Wnat happeny
W allow e diagyom +o distact:
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Cwoosingy o dapiet U as i tiougn, we see dometning else.
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Do wa see (U* =0 cepresented here? Wwiak is (L 2
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U 13 We dusd vector o UL, in-ned

it we say UL LiveS in a vector Space V,

Huen O Lives in e dual space V.
Duel vecirs, a\s0o called \-Hormy,
take 14 yectors as input andk  return

(274
Sealacs. u v—) IR
I+ 1S ouf couAPo.nion +o vectors.




How do we express L, gicen at we
con express U as U= UMReuifeu®4?
Just oS a vedor spa V can be spanned
by o cnoice of boais vectorS, the duol
space V¥ is spoaned by dued bosis vecwss .
D 0= Uedx « Udy + Uzde

How ope wese clefined .



Twe cdual basis veclors dy® ase
debined sucn et cnd (%3) = 8{5, |
e Kroneeker de\to Sﬁmu;\ =l Sijz }) ::; .
la s way, we can ¢ how dxd  picks
o e -t componedt-ob a Uedsc U :
dx (G’) = Uex(R) < ud dvig)e Utdu(d)
dx (F) = o™,




Twe duol (A 4o o vedkof L 13 obttined (ia
expressed as a Hoasa ¢ poduct gt \-focns:
% = qi)dx? ®dxd, et we have:
Qi =9j3) dxd ® dd U™ %

= gisu“dxi(xu\ & dx)

=qiju” 3 daxd

=‘3i§u‘4x3

— usd'XJ = '\1 ./




How do we gepict the boasis |- forms 2
Recoll #od A (T) = U — 4 |- focm
pojects +ieveche along a direckon. (e
Con tan depict, for example dx, as:

3
/ (T)=3 , +e aumoes
U

of indessections.




Twe clepichon of e a LngHn' podwe,
CM\u\\h}So\x\‘ e chinkensisns ol Laoain o
vechoC U has, Yelding o ARMLNSIOLSS TIUMbeC.

Ex: UdALUT

Note +wot 4w depPlchion is a digcretized one —

while o (T) € IR | e pumbes of inlasections € Z.
Ao wfe thot +ne Lines mpmsu\ﬁnﬂ ghould e

taougit of os extendingy in all dwections!



Let's now conaidel Now %1‘ defines a vecks at coon

POMIE, even il curuilineol CoorANeess , for fixed 3.
vaj\rcdo( G’ ot Qa pom‘l‘ P cowgs‘»mls 40 a
possible clivechional dmvthvc ot & fanction X
g - 33:?: U? sF - We Hen wite

0 ¥, — ‘i_a_ \ .

:D‘-;;-'P as U"]e ==V be"

Dudd bosis yechrs oce defined swh-\wod‘l dx (a@=s’\-, '

( Note 95 18 shorthond for 8/3«’3)




I ot epa wHh o Coclesion cosrdinale

Note wow |-4oms follow Lines of consteat yalue-
We wil\ sea Qater twok gmdicn’ts o |-+€ocme.



We e \Ww w.adj to diacnss tvwe dot
poduct (scalas prodlwc—l-) na 3uv.ric Coocdinxie
sﬂs&e«\ with Smu‘ic WM.

- -

WeU=ud;-udd | ()= Usidxiuiy,
= UU9; « g, = Usuddx® 9§
S U0 9y ALY
= Y,u = U0 vV
Note -

l 9= di ° a.j I We will see uwaorting waedicodly  Wowd
(U \a presesued under teansfomations.




Griven  an osDitreny,
diffecentiable  coordinate ' '
troasfoomation X4 (x24) (A = M C’““

o O
e posbion LR ic e , Jx*’
Lineos QP roximorion J* = g+ =~
t+o e treS fatmedion oxX
et o Pd‘“ﬁ' \ U /uL.’ = u/* a’XA,
Tensocs, defined ot o point, DX

tronsform with Fockers
of 4 Civvesse) ‘|JocsBiah.



We can dledu +wese UieS by examining e chainrule:
dx = QK gyr o Q_Xdﬂl > dx=9x dx
ox' oy

‘ B%M‘
= dxAz%.M leol a’?;,“ _ %%.:"a_axatl




Let'S now reexawine ow W(U)  benaves

uades a coordinade Hanstormadion <

/, I
(T = Mt = M v '
(A(U’) U/‘ U “}Ah&x{" U ﬁ‘ax,"

)
'3
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1(F) vV D Twa scolos product
is preseved under coordinate Axansfas mahions!



Finally ow we con onwes ow of 4w
wost  Twuprtont quesions oboud™ vectes.
ied-is &S Langi/ magnitude 2
1Tl =JF.5 = Jouo* = Jguod”
Note: our watale also tansformS  undeC
cootdlivase trans foowadions! AS  hos +wo
Lowes Mo\{cqs,l Qe = ) % Jx




&WWBI . vethors  ond -formas

(and Haic dapichons ) Avonstorm 10
coukp\euumj woys S0 ‘Mot calof
producis (depicted by numper of Inersectrs)
ofe prescsued Under Coordinae  Frong

Focwmatrions \ _l? a’
%U — ﬁ%@ v



Sumum‘aﬁz The wetric (of innec oncluck) /
often densted by g, is the additional Structure
that 13 needed to be added 1o V 1o dedine
the Leagths / maqoitudes ot vectors, as well o3
the angle between +wo vectors. |t is e
wmeheie H\Od' defines e eowz of the space_

NI HH
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