Title: PSI 2018/2019 - Relativity - Lecture 9
Date: Sep 13, 2018 09:00 AM

URL: http://pirsa.org/18090008
Abstract:

Pirsa: 18090008 Page 1/131



Y] {
HILBERT'S WA T

N ChrvED SFPACE

€ CdEL Y
Son= NAX % olm

ACTION PR I'\fklr[,\;—._ ~ = (i
_H_’__ N \(‘1,\ 3 \ r? [ = { Sl
S = (/ 45 S, 5 '
\(/\ () p ( \{} \ } 2’ \ X |

\—_

D D

Pirsa: 18090008 Page 2/131




\l e
HILBERT'S AT

, s . \
Sono = \ k\ 0 T/kx”\(wj\fbﬁ?)
ACTIONM Piq"\l\ lP .

é¢\* e (SKN\B
\ (!

DD s i
A O X ()@

Pirsa: 18090008 Page 3/131




\
\

o

\
CNERG - ToNENTUH TENSoR ( STHHETRIC )

&) = (' 7'%74)‘“/: C) Z

|
) J

/

CONSERVATION OF Tpo (

L i A . S
- T —

|
I (A [(

T N

Pirsa: 18090008 Page 4/131




3)
\
\
\
\

AN

#

O : \
CNERC - Mo ENTUH TENSoR ( STHHETRIC )

l

YN\ = —
CONSERVATION HF Tpv

“"’L-‘-\_"‘.\_,“‘\_—""‘\‘ . —
e —

Pirsa: 18090008 Page 5/131




Pirsa: 18090008

—

(\7 i

|

—

CONSERVATIO 1 DF Tz

I

e

UL”-\"\M’—\A——-

ONSER
WATORU M O F ENREGT ¢

Page 6/131




|

a0 e

MUN in T e
CRSERVATON OF T (o

B AR A \(

CONSE R st g
SANATID M O ENEEET Cw\mﬁ\(ﬁf\l“fu

Pirsa: 18090008 Page 7/131




Pirsa: 18090008 Page 8/131




‘ "X/H_"T “?[ fde () Llws 1§

(gﬂ’)(/m/ = P%V

~VEBLCTT OF TR =

CULD

N ENE% DENS‘/T‘V ) AS HEASUVRED
j’ Bl COWOVWQ ’O”Qﬂpw

."\‘/”\/7\__,,_.._,_____..;

5\

Page 9/131




Pirsa: 18090008 Page 10/131




Pirsa: 18090008 Page 11/131




Pirsa: 18090008 Page 12/131




PROJECTOR TO L

U;/ 603(5 f UD(U/%J

1/7043\/@ T \/_L




\/]QOJECToK e




PROJECTOR TO |

L/ 502(5 T UD((/K%J

1/10(:\/@ S \/_L

oIS
%/)U‘ :(/&#U Uf;() =0




\/,«)JECToﬁ 0 _L




TR
0.
E
@
0
R
e e
PRo
JEC
T0
R

bj
2
4
o 1
o) "
[

l/] \/
j @
\/—L

UB
U
e
U0




o IERO RS

s Hatoe gop 2
| S NoT
Oj? . Cof : )

VSRR AT B R
WATIY Q& NEt‘G% hOHFN‘r H
~ {/

(2RO E GO R D PRuECTOR |

T ‘}TD {




ENERG PENOITS N As HEASRED
| Pﬁhg}quﬁ j B1 COMoVING ORServER

NN N o e

Pirsa: 18090008 Page 19/131




D

AS HEASURE D
?T‘L( (DMDVH\(Q (0]%: S[gur‘g

N ’\/_‘\ T —

&(lgftlr )(‘fi\’ (

PROECTON TO L

—

Pirsa: 18090008 Page 20/131




1D

o BT ConovING ORSepvEp

Mo NE /'_-\k/fxu.-—-— T s

N e oee AL 7
%) }Ijl.‘] ‘_\f'])ﬂ-,; S V! R(gll) \.l

PROECTON TO 1. hotTieer BY W}(]/

= O0+0+(©+P) U ¥y Y

N

Pirsa: 18090008 Page 21/131




D

L —
NWTUDENNTT N As neasreD
B1  COhoVINC 'OESEEVEIQ

N

PROECTON TO 1. HotTieer BY h‘)(]/
(\ — 7 / G L | e \/ T 8l \ Y
0= 040+ ) it ¥y YU +hv\Plg

VNS

Pirsa: 18090008 Page 22/131




O T COIOVING OBSERVE
J N N ,__,_,,H____{e

.

) —ThV _ 7 ARG ~ a1,/ ‘ Sl (e a1 s T
v (= \_) S8 /R (&\3"\‘1 | !:]J O+ ] \Vp Ul ¢ (G }M \‘f“
V . / -/

N

?ED)E(TtON 71O b laniPly V}&V

0= 0+0+@+) Ut Ity B0~ |

SATVENE S

0% 1(J 0 D

Pirsa: 18090008 Page 23/131




Pml}(TtDN 0 AL ORI Y h£><
0 =

11‘L/,

0 +Qr ©+f) " [ty B0 + ¥ GPlg

V\/

CJ v fU UM
U‘/ \-/j}nol/

Pirsa: 18090008 Page 24/131




JI’\\ -'\) x:\ %L‘\‘ v E\]

PROECTON TO 1. potTieey BY h
0= (}*{-O-f (QH\ ]T* d \/jl(

1\/

OY fU (/1,*

(/v Vf' Ul/i &

Pirsa: 18090008

Page 25/131




SSERVE
N ——— «-—JE-—Q

a1/ /7 o Hiied / : T [1T\] | >) 19 1
"u'/l‘\ (5= \) \,f';-\ (% P Y | P AN VA ‘@""' 0! \." ?

PROYECTON TO A HUGECE e B WKV
A=

i

7= 040+ 6+P) Ut Ity Bl + v lPlg
(6+°) U, 0 L0
U [}} 0% 0

Pirsa: 18090008 Page 26/131




il

\ /
Ui

AV ir
1 —_

Pirsa: 18090008 Page 27/131




S,

I e e e SO Ve e
\J R ll = \) - \/1\ (%”\ | iR I U ‘ A\ J

~

PROECTON TO 1. potTieey BY h[’<

0= O == /Q%P} Vi l/ NG \/ﬁ =k '\ ﬁ’}_]’w

YT DPL U
= VAVAOSS

Pirsa: 18090008 Page 28/131




Pirsa: 18090008 Page 29/131




NAVIER-STOKES FEQUATION

e e T —

/ e e e

Pirsa: 18090008 Page 30/131




\ @ &/) VU U @P /

/

——

NA\/M: @tok’ S EQUATION

e -
o~ /"'\...—-—-—-..—/—""""/ ~— ——

Pirsa: 18090008 Page 31/131




e

(s9) W= (P |

l/ —
M

\-_3_,__’—-;-¢:7'“"— T

NAUIER-STOKES EQUATION

e P st
e —
/ e

—

6K (CORRECTION

Pirsa: 18090008 Page 32/131




@P

\-.‘..3...--—"'—"‘:7".-

NAVIER-STOKES T RUATION

e ———

(EQOF floTioM FOR
Feuip

et e

G K CORRECTON

Pirsa: 18090008 Page 33/131




irsa: 18090008 Page 34/131




PRUECTION 710 ([« 0= (I E?HTFV’_;.___ (+P)

—

Pirsa: 18090008 Page 35/131




H : O B U\/ VL(T/”V:,: #Ul‘(%/‘*fp> ( J

|

PROVECTION 70

Pirsa: 18090008 Page 36/131




irsa: 18090008 Page 37/131




Pirsa: 18090008 Page 38/131




—

{ ’_\_ O = UV VITF = “’Uv(%)"fp) Or‘ _-(?{P\) -‘7‘\»”\ 0 (/‘“\ _HP










0 ((. 0= 0 DT =YesR) O I —{e1®)
”T‘Vijg;’ )T 0 =D

CUNTfNU =@

N ——




Pi

\')RI)}ECT DN 'D [

: 18090008

o U e e I 6

Uﬁl\],,g—t @*P) ;fU[ ’( |

CU NTINOG | T FL\

- NN\ ——

I
Mzrc{Eg EQ OF HOToN FOR fumek”

Page 43/131




—

CONTING (TT EQ

-/\/\/V\ ———

illicg
k 25,

IbPCI =G EQ OF IOToN FoR |




|NTERNEZZ0.  ACTION FOR. ELECTRD AGNE T\SH

Pirsa: 18090008 Page 45/131




[INTERNEZ2D:  ACTION FOR ELECTRD A GHE TSH

ANT A SSALARG) .(;:Q(A‘Z’r\)

-

Pirsa: 18090008 Page 46/131




[INTERNEZ2D:  ACTION FOR ELECTROIAGNE TESH

WANT A SSALARES) _Q:Q(A‘?r\)

4+ GAVGE [NIARIANCE

Pirsa: 18090008 Page 47/131




CRNEZZ0 \k TION FOR Hmr\{ A CNE TSH

WANT A SSALARCS) Q g

4+ GAVGE [NIARIANCE

— ( f'J‘?”\\.

irsa: 18090008 Page 48/131




INTERNEZ2D:  ACTION FOR ELECTROIAGNE TISH

WANT A SSALARG) Qrg (A2A)
+ GAUGE [NIARIANCE
—5 Fr\ Y ( ~ ?_ﬂ\\}

F:{? ﬁ,«v l:-'ﬁl/

Pirsa: 18090008 Page 49/131




[NTERNEZZD.  ACTION FOR ELECTRUIACHE TISH

WANT A SSALARCES) Q:Q(é\‘%)
+ GAUGE [NIARIANCE

irsa: 18090008 Page 50/131




[NTERNEZ20:  ACTION FOR ELECTRDIACNE TISH

WANT ASSALARE) Q—Q (A oA )
+ GAUGE [NIARIANCE

irsa: 18090008 Page 51/131




[NTERNEZZD.  ACTION FOR ELECTROIACHE TISH

YANT A SCALARCS) ,Q-:g ({-\‘?r\)
+ GAUGE [NIARIANCE

irsa: 18090008 Page 52/131




I

Ny &*2([:\0\  Q-ORER AR EGS

Pirsa: 18090008 Page 53/131




[ /)

My Y ‘:i'(wF\(fﬂ  QN-ORER MIAKICEIL FGS




[ B e J
AXICELL 206G

My 9= yg('[:\@'z‘) | dHORvER 1

’__.--"‘

—

v
- FAWELL (UNEAR) X = |

| o B —

irsa: 18090008 Page 55/131




L EC

”~
|

’__—-—-

o
- FAWELL (UNEAR) X =

PRogcEr:

irsa: 18090008 Page 56/131




My & '—‘OY('F\(’;}  QO-OMER ML BGS,

”~
|

L__...—-

o VIAX )X /T~ NEAR (/‘:
FABLL (LNEAR] (X = |

HiReGcE

irsa: 18090008 Page 57/131




Je . : Wetn 7 =rlC I
v =% F\(ﬂ  QND-ORDER  IANIELL ZGS.

\

A\

W = =
AXWELL ('L(NE-4¢2} s 2 | \
e "

'G'EQQELE .

Pirsa: 18090008 Page 58/131




I J

T \‘ZLF\Q’“) QD-ORDER. ' MIAKICEIL E6S

AXWELL ( L(NEA»Q) (% 1 (: / £ "\ \

—

PRoBCE

Pirsa: 18090008 Page 59/131




Pirsa: 18090008 Page 60/131




- ‘_ 4
ABSéLOTE’ ( Hax| ral) VELOC(TT

.

Pirsa: 18090008 Page 61/131




/.u\ /
7 |
AgsoceTe (HAx|IHAl) Vi

—

Pirsa: 18090008 Page 62/131




,/"k /

~

A“QWE‘ ( Max(ral) VELOCTT

Pirsa: 18090008 Page 63/131




ABQQ&TE (H#laqmt) /ELOC(TT ; -

TATIC 7(% b( E/ _(> \ 'tfb—‘c{

\o H,L\Xmu, ELECTRIC

Page 64/131




—> [ | = MC (\—* [’f“/c l)
Aﬁsocwg ( Hax(ral) | /ELOCTT

Pirsa: 18090008 Page 65/131




irsa: 18090008 Page 66/131




S

BoRN-(HpELD (305)

e

irsa: 18090008 Page 67/131




irsa: 18090008 Page 68/131




BORN= (gD (505)

\
*dﬂk(%r\lf'}"pv
= 2 ’_Z_L:~




T W\

PHBE NI S




STsae = éZ: \9'2_ (’H‘—: Eﬂ/,?;_"(
\

G L
6()5 e R’EU\’H\/IST% L) HAKIHAL ELEC

: b — =

=== —
( 0%31 = U( Hj__

irsa: 18090008 Page 71/131




STATIC 7(% [9(

¢ T
6()‘/’  REATWISTS L Hz\x;rf-w ELECTR(C

9\()0(’) _ (0Sholoé

Pi Page 72/131




A0O - (OSholoé

———

BORN- MaD (30s)
~0(M<%rv+l'p \(/g;‘/ W \

PUBEN!X 503
FROET
ACIH:S




irsa: 18090008 Page 74/131




e

) EINSTE HELBERT AC ol
G I =1 (%l 92{\ TS POEQ NOT
A e

EXI<
EQUIVALENCE PRINCD, T

S

Pirsa: 18090008 Page 75/131




Vi =0 D

'Q)FlNQTEtIf\( .F LLGERT / (T/d(

G e b (;}l E?C}\ TAIS POEQ NoT

EXI<

CQUIVALENCE PRINCH, £

|
JN&“EA D \E/
/-/r‘ | /"(

_/L/J

—

L=

.fcaél/w
(;

Pirsa: 18090008 Page 76/131




7\/\_( t,\ V — ,U

)1{ INSTE N HULBERT ACT (O

J.(Tto\\ ar 3 Da ) TAS PoEQ NoT
‘ | ’??xu;’(
[QUQV ENCE PRINCD,

Pirsa: 18090008 Page 77/131




Pirsa: 18090008 Page 78/131




TIHSTE(HI-HUBERT ACTON

irsa: 18090008 Page 79/131




H(MF(H HILREET ACTI0 l‘/

i

< Y@Jil@ ng @ Q(fg@jl%\ (

T N e\

Pirsa: 18090008 Page 80/131










Pirsa: 18090008 Page 83/131




Pirsa: 18090008 Page 84/131




141S POEG NOT

ExIcT | ‘ng..ig. 1=

FQUIVALENCE PRINCD T\ S

W e

[l

C\n@ -

DIKTY TRICKS

A

Pirsa: 18090008 Page 85/131










\\—% % ﬁé Rof/‘>
V \/rf" %oUNMP‘r Tee

\/ €
m U (59[4/«\ @MVH (&m)




3Sen -l/é[—r’é (“'ﬁ Rigg” / '

VACOUYT E [TNSTEIM QS |

L@W!o




Vr\\/ﬁ . BouNeART Teks
: € AR f
Wi V (5?)”6\@ Vﬁ&gﬁ‘@




A e
+ “- % UKO@
w2 gy g o8 )

V \/ﬁ BOUNDART TERT

e U@(ggm 9 W o)




V \/[H gouumm Teem

\/n« U (59/«/'\@ 7}1(5‘%@)




i

Ser = Lér@g 6("/ iy 01

VACUUN EINSTEIN FOS |

Page 93/131




Pirsa: 18090008 Page 94/131




Pirsa: 18090008 Page 95/131




Pirsa: 18090008 Page 96/131




AND —ORDER.
HOW/ (S TWIS ?owmﬁ 6

Pirsa: 18090008 Page 97/131




(r“(

HOW/ (S THIS POSIB LE 6

RN anﬁb

Pirsa: 18090008 Page 98/131




Pirsa: 18090008 Page 99/131




o lfr— l\ ) 1
L ¥ S

= NoOESyEUAICEESS

ﬂ ACTONEISHAE POSE D

\
'

/‘\g \/-1\ g? ‘f\T@‘[\(/\[ '\*\‘?’N(‘(RE ;

Pirsa: 18090008 Page 100/131




# ( \ X ’?M ‘_3i( \ = |' ,]
) (s j N

& b

AND —ORDER
O/ (S TS OSSR LE 6

—

Pirsa: 18090008 Page 101/131




—

—'('*T‘V(:_Rw g \L’f}\

'

AND —ORDE

HO/ (S WS POS\RLE O

Fg R (9232

Pirsa: 18090008

Page 102/131




SCR( - DART7
i s e p e {EESIEE Cg‘@g ON BOUMDART.
=> NO QU TIBN S

K—F K ACTIoN (S KL POSED \
‘\\ R IA TIONA( '\:\E/N C(Rf(‘ '!1

e —

F/PDiNG A Booer

Pirsa: 18090008 Page 103/131




=21 N QUi

—

ﬂ ACTION S 1L POSED
AS \/q ATIONAC - PRINC( /

/
/

——l L

S Gl 8 FueD S PONe AT A Booviey
LERI L CANC= LN ag/fem oM B,

Pirsa: 18090008

Page 104/131




S T

%\
\l

AS VARATINA PEINCIRF\ )

———— /

THE O /e FuEd BF ADDING A PO*U_FM?%
WERN AN Cce L (N¢ Q/T’em oM B

Pirsa: 18090008

san)

o\ BBOMS- FAAING TERN

Page 105/131




Pirsa: 18090008 Page 106/131




DEPERDS ON

e —

= RC’ OKDE‘\ FOEH‘\LI\M (r-\u\. N( //.\( “()H\

\ _/w

Pirsa: 18090008 Page 107/131




- S DR e »}\NFCMJT“%_;TO/C,L; (SP7
SETil e SHEA T (I ——

e ——

FIRST- OFJD”EI\ Fou'muxm (r\ ‘@lf\(w“ﬁ)ﬂ\

ff/\

QWWM&Q\}

Pirsa: 18090008 Page 108/131




Z AND-ORDER FORMALISTT

: F\R@T—OKDEK FORHA LISIT | (Pf\u'iltj_{ﬁ@gﬂ\

2 =\ - v
g K 2 ’J“ \ - 9
RAT ) %t\ g &éﬂ\'é \ ) ,/

et

Pirsa: 18090008

Page 109/131



& . A, D9 0 ANDORDEE FOLMALISTT
O el et DSHE g =

<

. C|RCT_ORLER FORMALISA  (PALIT(NI ACTOH )

\ gl b e N e —

A A N

T"’"/"\ U\\*./ "’I{MW
ol ad olr Y

Q i\ ﬁ\;" \ \ Y T /
. | =S AR "f,j’y /| \\E\ﬂ Vv
~ RAUATY ) %k \ S \QJ\-@ i U] .’ ) ;

i a——

Pirsa: 18090008 Page 110/131




1\@’ DROER. FORHA LISM | (HL{\(N( A("fm!\

"\.-—'-'--._./

l"\l\, -~} (/ [

\ g
\ ,"//)/ / )

L/

Pirsa: 18090008 Page 111/131




Pirsa: 18090008

[
™
-
-~
N
—
—
]
(o]
@
o




Pirsa: 18090008

[
™
-
~
(32]
—
—
]
(o]
@
o




Pirsa: 18090008 Page 114/131




: ga\r" L IDEPERDS OH

C|RCT-0RDER FORIALISH . (PALT tN(A(“m,\

T ——

) ‘ I\.‘ / \
N %\3 e O S0EE

s r—
N~

O Q)' S(P/\I

Pirsa: 18090008 Page 115/131




| D G B i AN u.<01’< FORMALISTT
CH- DEPENDS ON L) O ROEROAIAS)

FIRCT-ORDER TO FOREIA LISTL (HLmN(A("mH\

ff\/\ e \ | f

’i__ \( ”\ T\\/ .:. . — \
QD\LAT () &% \fS E\Tév / ) X/\E\w K <,

ENSTEIN EQ 1’(5.

Pirsa: 18090008 Page 116/131




DEPERDS ON

T RCT-0RDER FDf‘l”[A LIS

e e——
/\f\/\’

Qmm Y M \}

)/, (\ Al

0

AND-ORDER FORMALISTT.

>

(F*Lt (N AC M)H\

/ ——

TR \U\\./ ®

\j /j ) \/\ W \/ k

Pirsa: 18090008

Page 117/131




4’_f CTnCFEE )/ ﬁ‘j‘.\{ A f( I£ '\..f
UIRISTIAFE £ (ERAC)

Pirsa: 18090008 Page 118/131




[ ORIER TORMAUSIT

iR
ISiE S?ﬂl#\'ﬂf‘l‘f«

Pirsa: 18090008 Page 119/131




(

7

ORDER. FORIALS

BRSO
USE S?ﬂm’m\l‘f«

4_,__--—'—‘—____“.

[ m—
’

%g?& =0 g /‘gf’f‘*o

- —

Pirsa: 18090008 Page 120/131




© ORDER FORrALSIT

SR e WELL (LINE
IStE SPALATINT FARELL (

p—

5. Sr\)f\t -tO 7 S '\K’IRCEQEU-

Pirsa: 18090008 Page 121/131




GONLG" IN THE STR(S OF PRI HFLLD
JHICH SCALARS <

)
™)

irsa: 18090008 Page 122/131




‘ff
li,

/HICH SWHAQK‘ e
2N
\< | \MV K

P Page 123/131




407

GOG I THE STEFS (OF BORH-MFELD
W/ (CH SCALARS ¢

¥

;EH‘ r\\v’ 2& >\

\

2 i "\; ; FEAN
\< ) Qr\v ET l (\;"L 2

Pirsa: 18090008 Page 124/131




WHCH SCALARS ¢
(\"
R K

1

Pirsa: 18090008 Page 125/131




J/HICH SCALARS < . 4

{\” r,. 7 fr‘ .
Qm K | NI ) Ea

Pirsa: 18090008 Page 126/131




WHICH SCALARS ¢ o
2 , & ~ ,r\, r\\z g\
e © RT | %xu 2N AN |

._\7&1 hE

7 ( FONCTRN oF ALL STAVA
®, i -

S

P,
"y
)l
|
. -

) L CHER DROER T0O
=l Y O 5 NS e —

e

Pirsa: 18090008 Page 127/131




Pirsa: 18090008 Page 128/131




5T SRS OF PRICIFELD

| %
/HCH 5(/ A RS g F \bk
\< , \r\v K Nu o)

Page 129/131




OGN THE GTES OF BORH-INFEL
WH(CH SCALARS ¢

2, N ?rfv E 7

r\

\\/H { P\ 7& {Q :

Pirsa: 18090008 Page 130/131




Pirsa: 18090008 Page 131/131




