pman |
/V\OV\C\Q)\AS Pock 2
A'( Xhe end of levs t ‘Qd"'*-fe, we had ntvoduced fla

Aifferential ling element o distance megserre, ds* for

o manifld Gor erample, A splarical ordmates, fle diffrentiel
tan element of a two-splece (st

ds* = dB 4 sidBd¢?,
CpM(que This erpression o fna spacefine -inkerval we
indvodaced 1n special re.\ot\w‘v(&-.

dst= et Al edyted 2t s ds - ds
Recal ‘ol Hom fnes ex preSsion  we dofined flo Minkoush:
or P(q%-srace wma v e ” whicW  delermines how (adices
We watacted  As o mateiy M s

" 17 H TR S L e e e ST

x| N ( ‘\\\ of T dems in {ha tnlecvel,

The @\a\--quce rmadvie emabled LS do endcack vector
(ndices sp A6 fo construck Lerentt - {nvarjont °(5\4_aa'l"t"{‘|'€3,
On & non-\(nga - Mﬂm‘@o\é) \ilee Yl Wo-splare, la Ma\mjj
of o Lerentz donsformation vas o geng,ol ccordinate
woanstremation. A 3eA_ua\ coord (nate VQMRPMQ(‘{M (eaves
a\\ measurelole grantities, \ke a disfaace 57 (nvariant,
So, {luis sagests fhat we shonld be able 4o (&ntify an
g;bsec‘s 9 ok dfes or ws ey b Galvact ndices on

o manidold th o ordinale ~tavariant way. g (s called
Yo mEANe ond vs adines from Y dfferentiol ting
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™Man 2_
dementt:

| ASI :.5)*Y AXMAX\(} \J\'\U.(C_ "(L\-L (;QQI‘QL\‘M{‘QS :br\ JrL\Q
w\cnf\'r@b\é" O.ré. )(A I‘P 65‘.7‘ s Coorc&\‘r\q*t*\‘r\\.}&rqu‘m*, W e

Con doferming Wow 9, Mughk fmasform. Recall| by the chaca
TM-\’?—’ M _C-uor_«:L'c\a‘I-eS CLX_)A 'qu.ns_pb:rﬁ k-a QL C:anc;rd.\'r\qr\QS_ dx;
= N |

1= =i dxy

-~ QXY

Ax

Thon, wnder & cordinafe Wansformation  dx*Ix® bransfornc fo.

M ~
Axuéx?’/ —_ %r 35_:2} dxlo"c\xif

For dg? ‘o e lr\ua.k('aAJ\‘ bs %;d:'r\q']re. trans ﬁfm'h‘or\s/
we flen, myst require:

| X" xF

5_;}: 5;\; WEAAK

Tust Wke fe flay Space mely (e 47, g can act to

e

9 v

false ca.nc.&- \oaef ﬂnd{ces oNn Uec.J\*ws cxna\ YensSers. For -Q,p(mmf) Ie;
Tor o '\'wo-\‘r\é&; lengs e T‘L'N e hoye

M Mo
" Y 1Y Jov
T medvie (s S:jmm{\f"g iafs fwo ‘adices: Yoy “Jum, Gad
Condracks with (dself as:

e} 7 80 e Keomicker-§ gbjeck . This defines
the peheie with wpper indices. Nede alse flaf tie drace of

L merteie (s s The d'monsion o spece-time D 8l 'D"*V: D,
T lowr waivase, D= Y.
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Man 3

We'l\ | rebura o Xlo. medvid in a second , bukl o new e
Swikel gears fo | diffrenyal Rrms, TO motivate {firentan
forms vl appreach Xhis v tha oppesite Way os fhe fdeythesk.
M volums of a (;Db.rau“e\apipeé {n Threa -dinensions s:

-

~..__.__—’f "—..:' | A e
AS o 7 NeWE AL (FxC)
i '(f" -;“:\-"‘
| C '-'- . MUD\M

e .'“\R.Sf\f"l;& oF [Tl pa rquekgff;'océ_ Us tlhe abseldeVolue of s,
:\«)\M' le W Silgn  mlang et 1l veluae (s on‘m%&é. 'bf"e‘\ké"
pLans '\’L\-O.'k MQ, (s | o F{Q'F:QIFQJ& é\‘fec*\b/—\ ‘k‘b b\muo\&k""\.ﬂ-.
g Mmight Seem weird, but (s o.c’ma((j ‘I).L\l.'{‘e familiar. For
:Q\CWLQ.’ one - &/ men§lomag | a'f\ketjfa;‘t*r'a-n &= cﬂ\cu.\cr‘&s Ly areo

Undlr e Curue ™

& b
A 56y A= {dx 30

However, his ares (s alse ociented: (s aegative oF
| e \;O\-&(\és O\C 1‘!\%&9(&.*‘(@(\ Seot et

a

Séﬁ Floy==A.

»

So, oriea¥d oaceas or volumes ace
Ch.c}v-m\b cb«m‘-f'e @ -va'{fqr ]Cmm
—‘I\(\‘k‘e«jra-\j'm.

\Je C;:\r\ quQ_ X o{i&n*a'h'tﬁl b‘? e Pu(&.“-&\@.ft"pcé e.,(\vlfc.fj(‘ &3)
\‘n\foé,.,.c.(.\g an oati- s;mwu__(-v;(_ gymbbl. The tnree ~ dimon sioma |
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ran Y

VD\\-;M;!L elememt _A?’X=d_x é_j &2 s Tl OLo"ﬂA“l._t/b; sherthand 'CB-(

| 3 ~ 1 ‘: r .\ -
d X = E\' E\Jkdx A)L.\AK'&- ' whay e L-)Slk -\..1,'5 aaé rzf;(esenks _K,y,«?,

‘&%qpfglg. Wndee @ Cooré:_m‘_t_& "'Qrcms%rm\‘l‘m, fle Gnh'-sbma«niv-‘c
S:jw_\\oc:\ 'S \.L(\F\@&C-’\-EA; \Q\\;\O_ Q;lc,\& &«‘*vaue;\.‘\{q\_ e.\%jr

Aansforms as: | dyx's ?)5.; dnf®  For M coordinates ¥’
ox*

TL”—-'?-'FN’E, Tl s\ 3-f‘&il‘bn MRASwre '\ansﬁ:rms QS 2

e 2x' X X
dx»-s\'_i‘-jk_..

( > la (85 le
gxiq 5;-\: . '5';("{. éx éx AX
2 : ta
3 ai-a\ @ Cape 2K dx'"dx ¢

-—
—

W
\QB-E"‘\ K- m Jecobotan O'F ﬂ‘\t CL_\QrQQ Q‘F an'alo\ es '-0"\.|'C.L\
X
\'S d\a-s‘\’ (e ckﬂl'ﬂrﬁ;'mqm¥ o{: '(L\o_ decivative matrix.
\ \
' ( Ox' X [ PX
9x( = ax —: é—_;‘ -;_-_;1 '3 \ .
— - J—"' QLQ* ?lq - X\ X ax fax\
; X 2 1 e 22X
P o B 2 | e G
SK" X 3’(5
x* 2x® 2
g2 dd At ' 2x* 2x3

You are \ikekj vecy famiGar with Fucs o{@wye of variables
formula. Tuet ke we were able fo  construct o coprdinate-
invariant V'ae elepmant we waal +o construct o conydinad<
‘averiant yoluwe demenmt, A%y sa'h geite what we want
Yecause | fg'cks Ap o Dealcalstan \-\uwww, cecall fhe
woo rdinake fvanslormation \ow of Tl wedvic-
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ox T ax’

—

ju{a"’ Sx* dxY J68
The deferminant of fae metdric, whids we danste by |a,
M*’-Q‘WQ *fQ._r':\SF;(mj oS
BT | — IR ;
\8\ - \—9};“\ \3\ = J \‘j\ | whace J\'s e -.Scuf-ukelqn.
So) s(b L;ch,'\‘\:, cqe\ge\ ‘\1@_ jqcu;\ol'&v\ 'F(ow\ o Uokumﬁ._ &-\W{'
A—!‘){} w R Mu\‘r\'f\j 193- \J—\EST' Tk\‘s Q\,QFM.LS, a C-oGrcL\'f\qk"{“

| AVOLrTan b \Jo\uuvuz_ Q\QMMJ\' . l\fg\: ,|\3\ c\“)iJI \}JL\f(‘_\\
s 96«\.9..(&\\"7‘_—& o A Al vmen§(ens. Lq_,‘( ‘s see what tlig s

{f\_ an e/xwke.

The Uine derank of flak 3D sPace  eypressed in carlrSian
wnd s(kut;‘ccy\_ oo rdinas (g

Y g E C;¥1+Ajl*clil = A4 3O+ R0t
,\L" Carfesian  pmetere SC s ften \
) 11 while {he sprerical mehvie s 3_,=( r
9"- \

-(1'\1.. Coreces E?o-(\éﬁ\é c_&ﬁ.«\ef{'ﬁ:‘r\mq-\s are :
9=\, 957 U siag s r St E.

Thecefore, fhe volume elentnks are relaled \oy-

dxdydz = [Fsirg ¢ 38 d¢ = "dr¢ dlost)d 9,

WViich s o{: CownrSe correct.
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nanle

-Q’\fg ir\uan'c:.n’x‘ \JO\un\Q. L\W"T will be QIL'\{QN\Q.,\:( M.Selcb.\
N QbrMu\ou\‘;‘og & L.n:)rq«g.'qa for jmuf*b.

To end foday T Gank to intvoduce dcffereshial forms,
A Q? ‘QON”\ (=3 Suv\ely Qn Q,(\&\Symjrvlc_ en ser Lo! u

| 'A/"“)"'z"'/"‘P
Tl D é“m@ms(cm.f{ P (s &b most D 1€ P>D, ea P~?orr*\

\ t’lé.\C-P_s éaa\-an stalrse

S ‘k\f‘l‘-‘} ‘v\‘l&l’ta—uj O by Qﬂ*l.fjmﬁkﬁ *f\\j T\db ﬁarv«s Can
\D?_ Lom b I\-Lé, uth’\ o, weé e FroM* A ? ‘Form a~d C czj {:th
A oand B combing with a weéje Frcclucé as

et

B
(A" >,-‘ B R R o B»“r’«l"'ﬁm;l

@)(_‘kg(\'&v ‘l'-"'i.‘f.ﬂ'_\—c"c— S \)\-'-,S‘{‘ o ec;.,rh'q-\ Aﬂ-ﬂ'vq-"h'uﬁ t‘«n.’f Q(,i',s
”n\(ou\.ﬁb\ ﬂ\& WE_AaQ, PJ-OA\-\.(.%‘ N Q Q 'F\:rr""\. On o r {9- ‘F;;rr'-\' 11\5_
Qo,c'\f“-f\‘ar derivetive @& A \s

d A, ety P T A
e exferdor dorivative (s special because s | dcidn
produces a tensor. A Fo- rample wlen acking on a oag-form 4,,,
e exie o c&u\'uah’\J& 'S LA AS#Q = DuAy- thﬂt;.

Cooré;é/\c«:‘(c, \Taqs{-‘wm;r?, we \~\awye

AW B (AT A\ ox® D [3XT Al ) ® %x P A ~3chy)
I ?x‘f( %Y "\ o IXE| I ox= on

Second do¢ivalives, Wiich would 5090(‘\ nce Naasformakion
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@ro@ex‘rfesr %fﬁc(*\;, cancel. WiTh tlhe eylerisr derivative,
& elechomagaetisim (s simply expressed. The F-'ele&-sﬁe./\jf"«
feaser (Wnich reeal\l | was Omjtt'SjMMQ’Wt'c;\ (s \Swsjf

F=aA|  The Branch: "‘&%*"b 's aow Miual. Tha
{ie\d 5\“'&-\1\5\\\ aser (s an egeck 'er} s (s Sxterie
Lavative of anofler form, Therefore (b s alse c\ssed -
WL 2 A@A\-—-O. Note XlaXk A(:U’r\—‘ AT A0 belcakse
.(amf\‘x‘q\ dortvatives tammube:  d%= 2,3y 2,2, 0.
To get tha regt of Mayuel's epuations, we ned 4l
361\0:\7.& Star opecator ¥, On o g-ﬁcorﬁ s OrWQ&r acts as

| (%-A) EV"WPM\---)A-'\-F p‘v:-"VP '

My Mhacy ";I\_ 51
which Map s S F’Forh o G n-p fora ia | A-Aibengonel Space .

- Moscwel(s. echw:fn‘m'i w it charges are flo, efpressed (n
deflerential frem nolakion s

J(%F)=x7.

Vo l{ study s ¢a hemework,
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