Wednesday, January 14, 2015
4:59 PM

\/tato s

l‘\l.'l-{—‘r+a \‘]u-a"' “Yoccters "

S N
s P,,.u_+§r~.c Veckors c,arrzs{\o,agl to rml PLysrccj quﬁ_-f'.-\-:tj u‘.+L h:jn:—luJu (*er hay or hu7

ﬂ-o-l'LL rr_L“cJ to :{hcc-f-}hr_‘ e - b.;\i) i 3 and directions Hot Jo CoflLJ'fﬁnJ to o’--‘rcr-‘l'l‘onj

A :(mel—fr\c,

_)T:z, Lowe 3 fopordtast  Teadres |
I The vecror relf s tavortort wader coordinede chones. Semcttnes Hus n
LuJ Fo Uitealinl 5o constoles oo honestun uecdor on on :'\_Fl‘l\-:"'( ca/lfnJel' . TTD :[—.;x'
7[,_ wecher will L.,w_ J.‘EL\L/M&- tonponcnts ' towcle coordinade syrteh, bt de (o= = R
ar_if.,.,{ diieetion doer aot CL..sg T AT N U I G 10&,»\ an %0 fiecdion to o (y.:oclfc w_,(
L. 7[; cm-\[)ou_:d-s e‘F He vechor Sould Lave o L,.X,“’JL'CLI\EJ theas 'polhr—"":o/\ Lenoler ons) CLM5¢
of coordindes wsed Ho dwerhe Ao spacetine . Our rotn 3”) vedas s o Ba s Lo,
3. DLJ?-AL thet Jour cu\7 crpertence wf vechors woy heve beea Sadems oF o oy contecking Hoe fosiions
("S-“ [\e;;¢.‘u vechor b -PL,r?S.‘,\\) vectors Ao aot n ;quu,\( [rve witlia o Space or :{mc:{-fn:,

\

7f‘.s s Lccm\w He ww.l Fules o'F veetar h.,,‘,f.,.la-f‘:oﬂ (linger B\ja(nro\ f!7‘47(¢ +(nu: o ects o existk A

J 4
1q¢-_+ _,«?mch L. )RA of lMA Bu\' srqas c»)\ .rl\;.u‘ﬁhcs o Lz C._J\Jhk) (.c]. Sl \l% IR‘L
7

I_,ow Jo e uorlA LJ'J’L f'\:(-l-k/\!».lCc.n-7 'F(p:l’ OL\J"«&S DA '&U\lﬁa\ c«wzJ 5{!45¢5 .

A+ (_acL polat ta 4’\»1, .rp;,.c Lt JUC-\I‘-{. c -_[:Equ\'(' Shoce oI +‘I,.4_ Se 0¥+ﬂl‘5¢m+ veetors te q” Cuves

'P:I_S:'\J +\-\,(‘¢_-,|.5L +L=.-‘- l\o}r\.+. V'-c-'iors c"am;L Po}ﬁ.‘(' ('c\ 'F‘rt Sfa-—t l\l.\.lb }I\. +L¢I¢'_ ‘\Lonsi'\"" -fl\dn.tfs.

/L.‘.s Lr.s foo -‘hPor-‘b;t cmq-cc'u.c.-.a::

e\ We (onnet -GU,{ hove veekors cround +LL Tige Sine in uu.ml +Hhe toaceF Saces CL=- e .
e N gest )

L]) CohPcrfﬁﬁ Veetors JL‘C'.‘I\ZJ o o o‘".“ﬁ\utn‘i' i\eh{-s ‘Ao S{ia.u wf“ 10(. Jr.“c['.:/.

umhr:m.l.»j Lew +o o?an\ w/ ‘I‘er_ +wo C—“’M'C7\A£M1)' w’-” Jaﬁu.‘rz a ,o+ o'F +L_ -IchnleT/ -('Lri‘

6'1 rtyys  oa .

Ru—*— —fcr Aow [L("I S+.‘=\/., to 'ﬂa‘\' Slla..:c, I —f'L."J cose 9‘” +L_ 'h:rj(,a-l— J‘[chcr art //_

Lecture6- Vectors and Dual Vectors Page 1



Thursday, January 15, 2015
9:33 PM

—

/o wACouel Lﬂw vecte! Lohl\OAcn'l'S mmf-m UAJLF erlir\w\c_ CLDASIJ,\AL ‘Crﬂ’ “Ca:v.s -z

/LL £|7"‘PO|/\L4'|’B’ d’P Hots veckor cre St cgorc!ho:{t,
J‘:-ngmn%.,.[_x o!;ch, JSo '.‘-l: wie ’6@.,) Lew 'f'[.(_ Laorl.‘m_"zf +L.A->’c‘-u¢-|' C—‘ne—ﬂ‘yl ) +L¢/\
we l‘wu Lﬂl'-‘ +LL Cahr)al\cd-"'s c—t -_{-_L’_'_—I \.KC'LOI‘ CLDA‘J"{- E"’"‘ w< alo',

F=r+}'a,\,\c.r(7 .f’-'hlal-r_ veetor Js .

/ 1 v ’ '

ey — ~ v
XH—?S{ :Ah\,X = o’){h—athz /[ \)J)(
OLCG‘/‘JO 'L;r we L/lol.J La.,; +L_ cQL.{mMA-I-s eL one "&gr“cm\gf vector +/w-:-cmh . BM—I-
we wavu l'\/—g c ru,h '[or -\lju +rmn[;rhs.+“w,\ o‘C 4—\-¢ CohlSahen‘,-j O‘C ey veetor .
fiﬂs we W “ we o +r.c‘/ 4",\.\-1’ We W H .rg vt “\)LL/L we extead owr

dsscusston chra.l tensors, so Pc--—/ atdeaton,

R:,cn”-ll\..-)— o Veckor iy L.'\Ua.r:avd' u/\o\t{' CoOrJ.LAa’{'( ‘l’Co-nJthc—"l’-kol\S, IP': roe -FL»"'
Lbh(\uAL~+.Y £L,AS-(_ ch" +L WLglg -PLEA\S J’Lavlw‘ st H’ow Jo we Wor[f— LJ'H’L- ‘\'L:J?

cOHPoAz-\"’ 3

Jodels vectors (At’r mnpo-\u\-h)
Taa
RLCn[( o Vecor s cyPusaJ as ca CxPcA-S,LaA A Sele la;st'. JS OIX (S
—~ "
C \
'{)g:‘:s ucr"org u‘ L\x'

— T oTerdiaste
/L(_ +r.~c‘<_ 5 thet we Vest ds 4o l\\t- \-wu?wﬁr,[w(— -}’L,,A Lnow'.‘nj Low olxh +"=A-)'-L\o{hJ) adepied bes's

s {.
we Cean ’Jc-i’ Lcw [ -‘l’ro...:- orhsS,

A ’ ‘A
ds=dw" ¢, T ds= Ix” Coly = Js

—\
! ' mMAY A ® ! M n
—;AhMQ{‘LKélh') = AMMA‘A /\ PR :/l »«'/l MLJX ?-Lac\:JX etm)
ol A
3-«;&: /\ w Ty \/—_\/"\—/

i \,JTFE( I7 /[ ,4/\ v= 9%y

/\"/\ L

—_——

/ztiur\Lafl /\T'YLA:”/L
So /\T¢ /‘._' ‘

Lecture6- Vectors and Dual Vectors Page 2



Sunday, January 18, 2015
4:31 PM

Do.,k'—\ o+ L,;+ ta ol +\_L W Ghacegdics _/EL ead resal+ 5\@,\[3 \m Stret Li’-Csfwa.
1 it ’

I"_F JS :_S SAUG-/‘}G/L‘*’J +Lel\ -’-'L, C.QI\IOO'L"LJ’J QAJ L;;J:LS U(c—‘a/.\' :LDM\J '-I'I‘az\r-(\olh

LJ.:..[J' “H\;‘“)’ CD-A-CGI CGCL a‘l’Ldf_

S
A

I\- J/LL cwﬁ :

P A ’
Jds =% C//L(h\ — A" Cen'y Tds =ds
M / '
S U VRN I LDV Ve
~ A
guﬁ\_‘s € 'y _‘/\ M oEer)

ak AT AT, 25

Lecture6- Vectors and Dual Vectors Page 3



Sunday, January 18, 2015
4:36 PM

/\)w that vt how e Honstornatton low -Cr P bests welors ) we rceb” wlot an
erktbiary veckor con be m{sﬁ..-l;.l as V= Ve, ead sl be Savestest
wnder coordinate chuapes. LH oo slide obor +hes R l.,mtl '7
ou can vee Flot His tnnediatedy tells s Hat Ao componds of ca erbitrer,
wcter hust Areashorn [k dle conponeats I (TF wt| g0 Yeck el retew He

Lot cople o e cendll, 1)

Lc-l-'s sce Hnx Pl""( ot 4 a Tanilter

txsk})’t . Ca/u.‘lzr

b4
A A LA
)'_;r;.lv'. TfJ\ V= Vi ‘FOA = Ve \,JL.n.
A J

~3

—) X

“"—‘5_, ZI S

v u:\/’\/:o

* cer Y0 90 ( o | ) v
Nev-! +e Jd +o A’j we rotete 1—1; coord ot e i [2. (90)= (— S 90 cer90 ) =l -1 o = R -
v —_—

_/::”L\whr_-l-'m )a\-’ '[;r wedor

ceslhmen", dn-l Lp.r:S U::“al.f_

v

—-—;v q'\ul W qul-'p')."az\ n L

A ul é\ A= I°
ewm= () L.\.)J ()

J

s
B.ﬂ' to docrnbe Vot Hh new conrelinde  we r.‘r,-[- ratade the Cotpeneats (77 Reao) <

V.._*U-_I: iL::)VJ 3 \JI _T\I.l - Rl"\/l* IZ';U: -0

V-\- '—’V" - QV

,\/l* Rll_\_\/\ = -V

o -

B\_I— +Lu "'L. LHJ-‘J veedory huwsd !:la "’ra-,-!'t:/h‘J !17 R("lo\_(: R(‘?D) = ( ( r:’) ) > RJ i

~

1
J=
<v
<
=
+
0
<>
"
0

J a8 A VN
ey 2('-') = R ﬁ’f—t:,\ = R orey YR e 3

cs e.)ll\cd'zJ From

xl
x BnJ yl i_

A ¢ A 1 A A A _/[/°
eans R ey +R yew = Oent e (')
A 1A 1~ ~ A P -()
e ey ¥+ MWh'eat = ~eny t0eu = (0
Al_ A Al A
<onpalh we Jdee ) "—\) J \) = -
14
. x
A . N
T > 5o T
st - .
— v
——36 * v

Lecture6- Vectors and Dual Vectors Page 4



Tuesday, January 20, 2015
4:56 PM

tha.l \/&d-af_{

gc_lf(.uc "t o pot Yo Lpdlt L..)Arl»cLJ r,J/ olmﬁl V(C“lor_f Lf_i:rc [f—Lcy e cr,'-l-"Cs} Y CDPL\,\
(X o[a+ Pl‘walv\c'f'\)' CL;,\:U— &re o ohol/\'—l Lﬂuw Lcca—vk Y IRA +\</ lm:lc \.l)\,.:-l—

),‘ LL veetors,

5

We bolive el wectors L7 3 condidrons .
[ Dual wectors are pieatght it d oL‘J<=+s defined ot a paict in e
[Luu +LL7 host e Sa o capy R o Mot edk Poted i we eoll 4l cAonget '(IMZ)'
), Dm[ vechors  are taverieat (ch jtm-,\ a coord tnade syste A +L=7 Can ,ﬂc cvlJrCJ'rfJ
‘a derms b donponcats ondk Jool bosts veotors obicl da +l’c-r-.r-[\af"'1 )
3. Do veedor s I;Aw:l7 et vdols and poep scders s e ViLW) s aw(v)+Y (W)= sealor

howe | \Jecg‘r_j\/ VTcﬁ l\ltda Is

ceoleirs

[/\}q.'-l' ',-C Utc'['nrs G,J J\,., Vector § et :ﬂual‘-‘b--\'} -f-\»un LJ\,W-L J—L( L;H 'S oo .fce-lcf?
) )

Ajte.(sl 'S cn fm}u.(n-u} .,JLew_ q{l)\fcﬂ’ caarol.\/\a-lc r(_[}{cgg,.+a4.\vn Ss 9&9 Vavertend |
1
%

A (m)

l"gﬁi au! /(%ﬂ.‘a we ..1'.” wit G LoarJ.sM‘IL aJaP«hJ %o.iﬁs <+ zrc a‘uo\ vectare ©
—

X

NevJ -{:r o!oﬂ.‘w!7 Uectols vk I/lul +l-( §v~ u‘.‘r-\lc cx:'\Plr JSZU‘XHé\(H 4o Stcrt WH’L.

):;r a[m», Jeetors e Aol Lovc -ro-zL a :4;r4-‘nj fo.‘q"‘, ~§o e MCJ to L: c}cucr

Lecture6- Vectors and Dual Vectors Page 5



Tuesday, January 20, 2015
5:10 PM

C_o./u'fJ:.r Corl‘f”on 3 \[or Jul‘,) Vcc4ul'J_ I«\/( w‘.” JLS\,'M. “Lo-‘l:‘ﬁ\:]“ .'/\ /s 07['\
ay ‘[;Hol,.ls"

'LI,\(_ lac.sfs \}cc*ar_s gl\J Ju»«‘ Lus-‘f veetors

dual basts vecdor

—~——
ARy A SA—\ _5"" hEN
& c y = =

(v v O hZv

[

Iﬁa:f; veedof X /\v-r\lotl‘ i

S:I\M SP\U 55 c Auh\gcf ({(alol\ 4 st Be_ :meh\ca‘\') IJ!ACE"

ALR) A _SM Ay A _S“'
Ceny = Y > o e v’y — v’
~——

L\/L a[rc;o’l‘-/ Lnow', /\V\I' é(\]\
AN A
So', e /\V\,'efcv\
A (M)A

! () ! v
év‘ff}'\st /\Hﬂé - A\I \I'E/ECV\ = /Lh/«/(' v' @ € (v

go we Aows Lﬁaw'.

A A A —
CmTIeny = A ' Cn) /,,,r-l:)u-aﬂl.la/\ }Au! '[':Jf th.s:\_f

' 1
é(h\_’) é\[h\: /l,H ,Aé\LP‘\ veckons ::»J ‘_Jw,l laas): wecdors .

K..-‘r no 4—L—+ we Lﬁow Low J,,.,,( Lk:-‘.s veckors 4m,\s‘cen-\ ) We Con taSc {—La4— en ovz(c.l)

v\-p\ vector s }Av,;/‘.sa*l- to Jedeimtnc Low +\,.4_ Loh['\(gAc—\'LS ECp\ clu._l veedor 4r¢—4&'tol'l—\'.

A

—_—

Mmoo Loy
VSV Ry oot
'C ‘JC¢"‘UI.S 4.099\ Juc\ veor € .

-[orha+a\u4 L'\»J 'pwl' Lah]\oatr\’l',s'

(AN A~ AM,: By

Lecture6- Vectors and Dual Vectors Page 6



Tuesday, January 20, 2015
5:37 PM

L‘/c_ Cen Mow Sec the jon:/ deails a|(: Juu;-l vedors Cc-'“fq vacdors ¢

kY v
k—"(\/\: m,.,.g 2wy

=thV5Mv
) i 3

=uhVA: Wl + 1, V +L3¢\}l+:,.)3\/ 6}12
-

7[3 h,‘jh— Jooke b o ot Ib,,.Jq=+

Lf_-#.,.ur./\ +wo vectors ) law#— fL?: ‘s

C‘c'{un“-) o ﬁﬂhla'-nd”o.\ e't c vector ,,.AJ o cl.,;‘ vector [

St e Al dos Pm,luﬁ.

,ZLLJ( 'H.,.-P -F-L_ Je-(’ Prcgjuc"’ thla}nts +ro Ucc)rocs +¢, I\»\'f—c o /Luhl}tf: .(Vl: \/\I)-é |R

an our \O*Bhasc, whet +he Aot l’\rec}v_;-\' Joes s +a\4.,_ one o‘p e vectors andd diga F

tto o el vedor | Hlea et h Dual vt eot He vector to mole oo aurher

- (VVT) =V VY e

]3u+ \A.DI,J "’o we 4’;.\-/_; c '3':\)5" Vc:,"‘o/ VM om.}\ C.I‘lo-"‘L a corlis‘\o-mhn\j olvw-\ ucc+of \Ih?

¢ ¢ | 1
\»/c_, Con Jru-\ﬂ(_c\ L '{'\I‘ch ]RA ‘ . (V')V“): v} Vl‘PVxU + oo
= .- VL' N
85900
hetre o IR
So '['\or SQ) e /L(ﬁ‘r_cc g‘-U - ﬂ-},‘\j
)Jr.ntc'. - (_Vh) V\,\ = Npv vhv\): \/«I VV
Lol Vs Lo,V
\/M—% \/M" ’7th \/v

e~

-

> (4,.,4—1. -cer Sl’L 71_’1'-'—'4’!.l L\,+ '-PLB s g\‘%‘(' Lrpe Sa Sc-\{ml !.].)

Sc —PL medete [ur s fwusc\ Moves }ne&ms wp or Jowa (rs}a: onJ \owcr\-lvn\.‘»‘j vectors

TP on\ veetors erd Wee-verse, |

/\/,Lc'_ —_E\ n\l e'C +\L}5 we ofe l\.ay“' c,Ln—\S,‘.\j ceorJ.‘nd'c\S],

Lecture6- Vectors and Dual Vectors Page 7



Tuesday, January 20, 2015
5:50 PM

.Ln -FLL ‘L\f-‘hfr vl wi” }Wsnl) JrOP &” &K/Dl.“cﬁ— tetcrente 4o Q;.Jis \/cc-JrerJ éch)
)
c,,J Jhc.‘ L\)c..f}; veecToersS @A( 5.\.\55_ "Il')—-z\/ ";'r_\{-:_ Ceore QC eLC\,\ °+\,\.c/“ l-\/c Con

<
faj-lcgcl \)uu’-F ‘(;r_u.j &n ""\«_ C@Fl')o-’tl‘,n"\’s

Lecture6- Vectors and Dual Vectors Page 8



