S RELATIVISTIC BRA!

"RELATIVISTIC  FORMULATION [cE19.2.2, 198, 5764 ~065 £9)

THE CCONCEPT OF L CAUBRLITY - ARD

STHECRELATIVISTIC  DESCRIPTION  HATURELLY
GIWES A UNIFIED CHOTATION: X0 DYWSLLLS U TIME-DEPENDERT C PHERNOMENS.
AN TERMES S oF CGLOMETEY CNJE L ADD D TTRE CTTIME  CO0RDINATE AR A 0 ST TERM T ERNFORCE
CAVSBLITY W E L WALL D CORSTRUCT THE  SPACETIAE  METRIC AS

/4‘: ¢

PLORENTE INNMBRIANCENY AN
THE BRAMES |

SR ARITT U THE U THEORY T UBE . COVARIANT AT
INDEPENDENT OF THE PARAMETRIZATION LVSEL TO

SRIPARAMETRIZATION gfl‘\h’%?‘\'imﬁ?é CL I8 GUARANTEED © BY U THE MANIFOLD - DESCRIPTION OB BRANTS

SLOPERTLY COVARIANLE 15 ENSURED "BY THE LSAGE. OF
STO O MPLEMERT . TIME D EYOLUTION 0N A B BRANE \{‘(g) WECINELUDE T E CBOTH N TRHE
PARAMETERE R (WM WL NOW U BEREND D O CTHE CTIME) D AND AL UTHE GeTH . Coo RbINATE b N

\{}‘" {g; L {’t\}}

THIS CBXPRESSION CFOR vy - DESCRIBLES A NEW. MAMFPOLD, OF DIMERSION
SPACE COF DWMERNSI0N Dl d U 2IRCE 1T D AL MARIFDLD  WE LCAN . CREPARAMETRAZE T | BLORT THAT

INCAN CBHBENT

]

Wy L 0eTn OO RTINATE

Ly

B’ i’t, %\9} =

SWE CALL . THE. MANIFOLD YA THE WORLD NOLUME WHUTH THE | WORLD LINE oF

ACPARTICLE,
CWAETCCALL L CTHES SEMCE AT BINED TTIME %’.i\g"

THE (CONFICURATION OF "THE . BRANE AT TimME y%)

/. ,
S MOBLD L LINE OF

‘(' 7 TIE gaw N
g Vad il b
(RN R S
e o .
/ b

VOLUME

. S A=BRANE
i b=l 5 OF

ST CONSTRUCT - THE ACTION FOR THE. p-BRAME “WE MEED -TO SATISFY:
JLORENTZ VINVARIARCE
CRAPARAMETRIGATION: - INVARIANCE
* 0-BRANE NAS ACTion | ds

STHE CWIORID = VOLUME “VOLUME  SATISFIES | ALL - THE  CHARACTERISTICS " BROYE :

j dv = E ldet 7} dE° a5
M M,




6'0 v
CCONSIDERIN G THE SPACETIME SETTING  WE ARE “NO LONGER  CONGIDERING ‘MAPS  FROM H™™ 1o O, sUT
tROM W HAIm g 0, [WHERE " THE PEDIX W' INDICATES THE WORLD VOLUME OF O)Y THE DEFERENCE N

S16M  BETWEEN TIME . AND . SPACE  COORDINATES AFFECT  THE METRIC, - WHICHWILL "NOW -READ

CoLexK oaxt _ex® o oax Jxst o axY
%ab Diacd Dok Do ? KL b (%w)mfg Dot ?/zw 370{3’

CCONSIDER A CHANGE ~OF - PARAMETERS ~OF THE WORLD VOLUME: %’(%}_ THE WORLD-NOLUME U WOLUME

CHANGES BS ; L
! .
{ dv ¥ det g dac® - docd™
J FRNE e
‘)'I”V‘J x’;‘{,u“in U OXS X Rt
R et e )
] E 0
% et [ 2ty 9
Mg 3 e L
)Cxq‘(,jvgvx;% deb o det? 9%
¢ 2
= J ”&ég‘f%?i d'x",_.d%d\‘m
230 ()
[
= j dv
W
M

I

SO THE WORLD ~YOLUME - YOLUME 15 RIPARAMETRIZATION iMVARW\;TA

STTHE CMETRIC % IS CDEFIRMED CSTARTING FROM CTHE S TANGENT SPACE: WO THE " WORLD  NOLUME AT
EACKH POINT ) THEREFORE VT SCARRIE S INFORMATION ABODT THE VELOOITY OF “THE  ELEMENTS OF
TRE CBRANEL

CCONSIDER A CPARAMETAIZATION "FOR CTHE WORLD, MOLUMYE - £S5
t
Blg) s yr(t )
), s')= .
‘{ {.&‘) \(I ? ) Y\(L,s\}

THE COORDINATE s{”-:h SLICES THE MWORLD “YOLUME INTO  CONFIGURATIONS.

*THE - METRIC . READS

,,(_“{‘\72 : -‘\'j\.\;:{:@ ’ \[‘: ?_l(j“

(?fw):z\}% Tllo o oo o o '
=g W, - \;\}& B ‘Mxﬁ W; - ’3‘(:/’

37 gt

THEREFORE
i diem s [N w2 LD et ST R S ,{
det (%_W}Qﬁz(«) deb (W, W) det{ 4= ( Vi- VoW, (W,-W,) v~wa>§
Ve TRE MNORINAL CVELOCITY “OF | THE POINT vI{E,E) S0F THE BBANE. N FLULL GENERALITY,

‘«(i CAN MOVE CTRANSNERSGAL  TO THE BRANE OR LONGITUDINAL "TO 1T WE CAN 1SOLATE “THE TTRARMS
VERGAL COMPONENT  (CALLED PRYSICAL MELOCITY IN STRING THEORY) AS

VL=“§"~=-};

CTO CHAVE CCADSAL  MOTION WO TRE CTRANSYERSGAL  DRECTION WE - MUST "ARBLME

WHICH  MEAMS

'\“j 2 Z {Ajb : (Xj’; .\”I:.’{;}xb g iy T Wy, L 2 (Sabﬁ,_,_,_,,w*g
= LOw It It sl i)l |




PTO O CRELATE T HIS CRESLLT. TO . THE  FORMOF Do WE COBOLERNE VAR

[

_ o o wlwewwew] o wae
A RE o

SMOVIRG TO A T LOCAL  ORTHOGONAL - BASIS
OF  PARAMETERS

W, W = 5,0

S0 WELSSEE CTHAT CTHE CCOMDITION CON CTTHE CTRANSYERSL CMELOCITY - T0. BE - SMALLER THAMN

THE - SPELED  OF LIGHT " GIVES

CRIE PUT U COMBTRANTS U OOR UTRE D WORLDSNOLUME C METRIC CREGVIRING - CAUSALYTY D WE.GOT

dive L ; .
>{) EROM. . CTRANGVERSAL VELDLITY

-det (%\N\&B ($ 4)

BT 29 & }Q, ﬂ EROM O NOMINAL S NELOCITY

: %oi Yo < by ?{ab

S

FROM LONGITUDINAL VELOOITY

CTHE CLAST. TWO  CORSTRAINTS CARE CVALID ONLY 1F © WE CADMIT | PHYSICAL  DEGREES OF
BLE THE “BRANE, 1E. IE WE ASSLME  THAT WE ARE ABLE TO - DISTIN GUISIH  DIEFERENT

ST BRSO

ON THE O BRANE AMD  HOwW ~THEY CEVOLVE, TTHIG 19 ROT THE  CASE £.6. 1K

THEORY

B E FIRIALLY © CARBIVED - TO o THE RELATOGSTIC ACTION GF & p-BRAME ~CALLED THE

y

= L —_— ; : L dirn ’ : O e
S m dy o) A (07 det (%wh,& d

i

OF THE BRANE,

HERE vn 1% THE MASS - PER dim - YOLUME

SWESUCAN  UDERIVE CTRE S EQULATIONS  COF  MOTION CBY  STATIONARY CACTION FPRIBCIFLE.

dive o
e =0 5d.

¢ B =
Snd (=1 deta. ——" —
W\j ( } & 3 5 ) divn ek 2
\} debg,

éd%k@ =




::; fi;’m»\ A ot a8 4
AT detg g ag{%&% ~2—.
b e Iy Dy, AWM Do
Gaf 2e% pf e
> Q8% el
P Byr Poyn

PEX pEl

THEREFORE

9 s dimat
5S5=+m | == | 4/¢ ¢*F oy e
. § f‘[ 7" 5t | B s )

o\

o~ BOUNDARY - TERM

v
dms
WHERE 9" (,.) %;%w AND - TOTAL . DEBIVATIVES VANISH, WE GET THE EQDLATIONS OF
SMOTIORN :
IS B o By |
m~w§4f{% B SBICA CAN Jps
ol | VS T 28% |

* Q:BRANE% FOR POINTUIKE TORIECTS  WE CHAVE MO INTERMAL 5.

— vl ﬂ——"a
“Gap T %00 T 1-v
S= - SRR At~—mj ds
I_Lo, 1:4-2 EW
S WORLD LINE

Br dpH
_%’f,]: P e

25
b s FRET PARTICLE

aF . BND 8

FA-BRAMES: STRIBGS  ARE - USUALLY  PARAMETRIZED W TERMS
¥y
Vo= v oM = _?..\Ci-
Yap YO© 3
. Vot T
&{.Y) Y -\( .
’/"' = .,?\,{:, "
2a

swmj | vy =9 vy dede

Lo, Ta) "}{o,&]

- 3‘%, g E}}FE Z,_ =) M2 . :a%”u
T M E(QQSY/‘}




®

SWE CSTILL HAVE A BOUNDARY.  TERM

THOLGH VT % REMOVED - ONCE - 8L%
SLET DS CFIRST ODERIVE CTHE

N CTHECNVARIATION SOF  THE SACTION
ARE FIXED  WE SWANT TG
VABIATION OF THE ACTIOR

~ ] PRV
53 = &lé’* oL "

TO o BISCUsS,
SEL T HOW O L RPRLY
R SLEGHTL Y D DIERE

ENEN

Iy” v/ 3(3\{# (M’;}g

£ 5 g' ik
0 Tl CONJUGATED MOMENTA.

WODUR S Y

dmrrd 2[ divn
o 22 8oy Y
i}}d ﬁu 5\{# d ot ! ﬁL é\!NL d Scﬁ
v, W

"BOUNDARY  ELIMERT

CVARMTIONS CARE CRERO
AT bela by

p— e
17 oym dTE dE
}Uv /Lo

Ty 1K 1
if\!lxgwi”:(j,i‘li-t i

dins
3*( ’c}ﬁd&f‘A! £ o+

v YEIREN Y
W

é\u

oyt dE at

STRLCUEARST AR ARAL GIVES

.
a9

WHICH 16 A GEMERALITATION OF MOMERNTOM  CONGEHRYS INT THE - ABSENCE OF DA POTERNTIALL
w e S
CTOUMAKE S CTTHE CQURFACE. IMTEARAL L MANIGH WE  CAM HWAE EUTHER 5’::\{’* ={3 0% H,,L'“Ol
&Y/“ =0V 0N THE CBORDER  TRHERE . 16 NG VARIATION 1LE

ok, LE. U THE  BOUNDARY TOF LM DOES
NOT CHANGE . WE GET

=0 DIRICHLET &<

EXCLLLLED - FROM  THE  CLomNSTRAINT

POINT  £OMDITIDN, Wer A% tng S ARE f5

H
ERGABIING EE VON' NEUMANKN B¢
m 7 Jane

WL GEE THAT TIE SET OF BOS CTHAT WE CAN  RAROSE 1S
£55% 0 ALSO CRERE, wE

S UTHE L SAME  AS
CAI C BPPLY. DWEERENT B OM

FOR . THE NONRBELATIVISTE
DIFFERENT 8RR ETS  OF

= o
[)H"*zw. .




“THE BOUNDARY ~ OF A p-BRANE WITH NON NEUMANN 8¢S (OR DIRICHLET WITH A SPACE-FILLILG
D-BEANE) CMUST O SATISEN D THE “CONDITION

0, mof§ 9" S,

- FROM =0  WE GET

M, = m{§ifﬂ;%‘“m4§?ﬁﬁﬁ
|

|

Gop
%ao =_Y.W2 =0 —— ¥V 15 ORTHOGONAL To We, Ya, \F V40
TAN GENT Y THE VELOCITY OF THE BOUNDARY |
GPALE TO 15 CTRANSYERSAL “TO. THE BRAME |
THE  REAME
3 0a ao,o = BOVE
SEROM. = WE GET > 4 =g c FROM - ABOVE

IN CGENERAL NON~ZERO

det (1-77)

|

y=4 0N THE BOUNDARY ——> | THE BOUNDARY MOVES

| AT THE SPEED OF LIGHT ||

- THE BOUNDARY HAS dim-MEASURE O, 90 1T 1% MASSLESS . IT 16 THEREFORE  REASONABLE 1O
THINK . THAT vmﬁfi.




et

- L

P Py P e
] < s P ek
W = “

o

z2

O

; 1

- §

o
) o w
= st o
© = I
e
S, g
= )

o

o1
o
&)
i
<
@ P
i
¢ i
L . L LRI
& [ 1ad
o ot 33
b Z i
ot b
w 2
o5& 2 f
A el ] &
B e v e
o %)

rsm———y

FORM
B8

o~
>
. . -~ (S
el 5 - g
b i
\w:l
il
<
o3
&
o P P
<5 - = S A
& - ® 3
! b A >
< ik e Gisd e §ode
st g
o -~
o o 3 i i
e H i
P o2
hH o
3 - 2
< e @n "
ot y &
et
. o [
14l B RN "y =
- o - - e I
S oy (% S =
2 & e S [
. et .



[EENE YR E o |
bt dT e

TUEEKPRESSION CMOST S vaineit Y e anwe Back

iy

O VTS NoLUME FORMDLATION ¢

) i
MERE @ AnE @ CARE PLACERNGLDERS  FOR INDEPENDENT yARDEL

AND  FUNCTIONS,

CNER YO S eT

CEDIENCASCORNBENNED ] DORVED, VD

CRARGE 1S

M
S
it
LI

o
(e
®y

AT ST I CDNSERNED

y Bl

Do m{r_ 5 G

2, 8143

Y

ASDUMING  DURTIR LY
P wy

ToDECREASE AT

5% AN PARAR T
THE CGEOMETRY . 0F THE  BRARE, CAND 2 WRICH BESORIBE CTHE GLOME

EL U WE QAN CTHERLFORE LOGK FOR

58 4

Tay

SECCBRANES L WED RAVE T

QR ETTHER

. VOREWRITE D TTRE LAGRAN SLAN ERSYTY . FOR O THE peBRANE L
S ECTTRE DEPENDENLE COVER U E® AN U ENPLICIT. 90 S PARS L TTRE L MPOLE T SRACET NE

WIELWAST CTTHE DY MAMILS . HC U TAR Y CRBLALE

QMLY . OM «{{g‘)i WE O ANSTARSDRE TS BY

gvimed o P TREL BPALE

ADRING O THAT TTHE TR ONER .

2 RN

S OO DR D BY

y(8): ms ehn we By A

z"‘ & .
e % 2 ﬁl‘!im e ] dé\'mwk 1.
T ¢ . & -y s
: | b k S0 REY
v ) -
LAREIEEW Ny

PAWE BTARTY FROM O TIRE OSY MMETRY

OF  THE - CAMEIERT

CONSTR AN TTRE CGLOMETRY DFTRE

CTRECCORMNECTION S POINT U CBETWREEN TRE A

SN TRE R ACT L THAT

ERYBPACE AND L TTE

g\{z"i =

L UAND 5 ARHE BT THE SAME  conRDIMATE SYETERL R THE CARBIENT - SPALE

ARNDIT NS TCONSERVED O CTHEL ESUATIONS  OF U MOTIOM.




ACTMETRIC, WE CAN C FIND CUTRE  CLASE OF TRANGTLRY
IVARIENT B0 MPOSIN &

METTRIC S ERUARL T
FOR BN e s aL

5;3«’(

PRMATIONS W E T QET

;
foesy 2 .
R E ERAN |
Lo £ n
e 2o
} gy PO T Gyp

I
SIFT A0 AND. 3 HAVE CTHE  SAME VALOE -~ WE GET
J’Dfm
9,82 =0 —— §% =57 TRANSLATIONS — R
FCaOR D ARE O AND THECOTHER NOT
,8% =0, 8% — BOOSTS \
é
catp, a102p | 50" (4, Dim)
b e ® . E
0,8 =-9,8% — ROTATIONS ]

-TRANSLATIONS AL MODELLED  BY  (HOTICE THAT I 1S INVARIANT UNDER TRANSLATIONS)

—
e 2 M 28 4 — =

% T AN Y, i 0 7?/)\)

gux - §o\ N __Q_d‘( =0 ) : S

) J}AV: - J@ 6\{/” 8Y 6({)““..}(7(-\{{%\}\) dd\m“g:-r/i‘)
. 9&“ 3%

) = A . on M =

() = YH(E) e AR
! e — v - STRESE - ENERGY~ MOMENTUM TENSOR OF A p-BRANE
FY{Z}H FY(%) x ) = O

STHMYEQ U ONLY S O THE CBRANE: WORLD  VOLUME,

+THE CONSERVYED  CHARGES

dyH

f‘={ TH a" e = mH‘g‘ s S(Y(E)-Y) 47

ABRE. TRE S TOTAL FOMERNT UM QF TTHE o - BRANE,




STRAANSLATIONS Y = yA s ARE ALSO  KILUNG  VECTOR FIELDS  OF THE INDULCED METRIC

ON - THE BRANE AND' LEAVE L INVARIANT U IF WE . CONSIDER \(*‘ ASCATEIELD T Gl TR DEPENDENCE
GVER S EY e CANTDERINE CTTHE L CURRBENT  COMING EROM L UTHE SV INTERNALY CTRANSLATION SYWMBMETRY CAG

N . = ﬂ@i
v 9(2,y#) ¢

WHOSE  CONSERVATION.  LAW ARND. CHARGE  RUADR

9, ﬂjﬁ{) EOM OF A FREE BRANE
j ﬂ;i e = Pu TOTAL MOMENTUM OF THE BRANE
aj{y:‘} 1

E-DENSITY "OF " SPACETNIME
MOMENTUM "CARBIED BY
THE BRANE

CHECKING CONSERVATION "EXPLICYTELY ®

d . o 13 i a )
v wy °F° y

AS CLONG AS WE CONSIDER A FREE "ENBPOIMT BC  THE "MOMENTOM 15 CONDERVED - FOR A BRAME
WITH CBORDER, IF WE AMPOSE AT DIRICMLET B TTHE BODNDARY - 1% FIXED U0 A D-BRANE - AMD TTHE
MOMENTUM, “MAY - NOT BE CONSERVED [ DEPENDING OnTHE  FORM OF THE D»m&r\m}.

CLOSED BRANES CONSERVE HOMURTUM.

~50*(4,Dim‘) IWVARIAMCE OF TRE AMBIERT  MINKOUSK 1 SPACETIME 15 ASSCCIATED - TO THE  CONSERVATION

OF UANGUULAR MOMENTUM,
LS INVARIANT  UMDER  ROTATIONS:

By fovk & Dy
t ! 3 (W_}_m e = P \i_,‘,_, M .“,:{u}’m = o b
de Yup det YTREYY det%\a%a A p /\,u ’a%ﬁ} deb Tap
n s B
[

STRE CGENERATORS  READ

—# g M _m M
T pe) )}!PXG /q S%i’

ps) WQPS
: ANGULAR MOMENT!

!
!
} J,LL\fj:e :T’u?%vm .Ew,,uv%p - Mju.ujz

M TERNSOR

M e AL s 1t oie zero ouTSIDE THE peBRANE

CDUE TO TS ANTISSVMMETRY I8 THE LAST Two INDICES, M/AP PRODLCES ONLY DE=Y ppirEnoe T

CONSERVED CHARGES : THE COMPOMNENTS OF THE . D-DwENSIONAL ANGULAR  MOPME NTUM.




A FOR ”’!’%AF\&%LA"’S'X(}M%} WE S CAN CORNSIDER POTATIONS AL INTERNAL

7]

WEITIN G

e =0 10 - D

SWELCBET
2, 0% =0 CURRENT  CURL-FREE
o e CURRE URU-FRED
j P10, 5 M, TOTAL ANGULAR MOMENTUM
Sk 4
Vi
SR THE CLIMEAR O MOMENTUR B CCONSERVED, S0 1% THES AMGULAR ¥

CCURRENTS ALLU BANE THE S SAME U STRADCTURE T IN  THE - VARIATION INDEXN 2
<3P A8 THE DENSITY
%‘ VS OUTRERLOW COF U CRARGE SPERTLDNITUTIMEY THROUGH THE! SURFACE
CTEAY s e MmMETRIG
SO e i@ yne I-TR O COMPORERT COF TTHE S MOMENTUM 15 THY  FLOW
BIRECTION
crilerd i mnras or o 18 RS SNEAR OF J ALOMG I

oz

™

TRANSFORMATIOND OF

OF THE “BRANE

IMENTUM

MORMAL YO THE = TH OB ELTION |
OF CENERGY IR rHE Tty




-DYNAMICS [e133-7.5 ]

ANE S WANT IO STUDY THE
WHAT CCLASS SGE - HOLUTIONS

- FIRST, GINCE. WE - CONSIDER
THE CNORMAL NELOCHTY

DYNAMICS OF A p-BRANE 1N MORE
TO EXPECT.

P=BRANES WITH NO INTEBNAL D.0.F., WE NEED TO CONSIDER

Vi(Y) OF EACH POINT "FOR PHYSICA|

WE  STARTED FROM U AND REMOVED ALL  COMPONENTS PA

B DEFINUTION SPAN S THE  TANGENT BUMDLE OF THE
THE RBIPARAMETRIZATION

TARDIG

2. TO COBTA VL
i TO CANY ?q WRicH
p-BRANE. WE CAN "LOSE " coME . oF

. ek
INVARIANCE “OF  TRE p=BRANE TO  MAKE ¥ =V N THS wWaY

L Dyl
N LAy
2k

dap NK 0 VLW,

SO THIZ WAY  THE TIME b=y®c %% s COMPLETELY SEPARATED  FROM THE GEOMETRY OF
THE BRANME i METRIZATION

W ESCPEREORM ALY

ARGE ORI ARIEBLE OF ‘id SO CH TTRAT l\jg = U THE S CONDITION EOR THIS e

det wa.whk = 4-3?

v

STHE CEQULATION  OF MOTION T BETS  SIMPLIEIED © TO

r 2, ({7 #° Y,u)z

E
ol s
#=0
J |
%, 2°t=0 295 =0

SATOLAST WE URRNOW . TTHAT ON: TRE

HA BOUNDARY. "THE 'MOTION: 1% TRANSYERSAL TO THE  BRANE

THESE CROUR S ERUATIONS 0 ALLOW ~US TO - DESCRIBE THE  MOTION OF  THE JSRANLE,

AL CAN U RAE L LOGRDAY
DIRECTIONS ) AN GOME

OROTHE D BRANT WO CARE
WHLCH CARE . MOT { BOUNDARY,  “oPEN®
ERUATION 15 TRE WAYE L EQUATION  WE
EACRH T DIRECTION

PERIODIC (N0 BOUNDARY,  “CLosi!
PIRECT! QM,; BINLE
CTOHN CONSIDER C THE EVOLUTION OF
SCGEYTINGS  TRE O FULL - BOLLTION CAS A SR

CTRE CDECOMPOSYTION

HHECOYMARICAL
THE

RPOSVTION L oF
DEPENDS O
W VSE " SupERT

YAE WL LSBT GPRERICAL M ARM

PROBLEM P CRE L BRANE. %A

WAYES 1B VT HAL ROTE O AL

s FORCSWAPLIcITY

WIE O ORBIRER A

DENTE

SOME

BE LALGED 0

OFEN,

A CYLIDER 15 A PROD

[




CINLUTHE D OPEN CDIHECTION S 0 TTHE - OWAVE D B QUATION
- /{ =
Y(t,s} “2“{ F+(t+6)

D)

GNES THE - SOLUTION

]

«F (t-s)

THE “BC AT 6=0 "GIED
rayr- = »4) ~”\7 - - LN _-—* % oy
| =0 B(9-TL=0— F(H=F.(t)+5,
6§ G
L\Acoms"mmw
TERM

Y

WE  HAVE NOW (WE REPBSORBED 3, IN )

YE s V(k t6)— VALID
EVERYWHERE

v (t6) =-;—[ F(e+s) + ?(b—s)j

THE BCOUIM- 8§20 6IVES
8-‘? ! e ;] M; - = s = Y >
—L =0 — Fl(beg) - F(t-2) =0 — F(tao+24)=TF(bas)+22L7,
26 ls=2 1,
QUASE-PERIODWC  FOISLCTION N
L CONSTANT
PERIODIC  UBP T O A CORSTAR NELOCITY
TERM
CTHE L BEMAMMING . TWO  CONPITIONS - CAM BE COMBINED. ASSUMING - ALL BLT " THE CORRENT 6 PARAMETER
TOCRE CCONSTANT . (LE. WE ARE" EVOLVING. OMLY  ALONG “THE OFEN - COORDINATL UNPER STUDY)
9y oY % Py, oV @y
26 06 96 OL ok Bk
de @E
i
I ar B
%i F(ulg:vi e L) NS CTHE CLENGTH  PARAMETER
is ey
du o oF tnescurve T (u) = const.
148 A PLACEHOULDER VARIABLE }
s - " —n
T (u+du)-F (u) =dF , [dF l=du 50 du 15 THE
pirrenence [3F]
CPOTTING AW TOGETHER - WE GET
?( 6 fg[ (k\»é‘)-»'i? (b= 6‘}}
sy ——
Flus2g) =F (u) +22%,
| dF g \
| e R
§du i I'T 1S ENOUGH 'TO -xNow -k FOR
uel0,247 To LETERMING Y u
S GWEN THE FORM ABOVE, WE CAN TAXKE . 650 ~ (=F  AND STUDY THL MOVION OF JUST ONE BOUNDARY

telo24]
PERIODICITY :

FOR
S USING R N
Flo)-Flet)

20

il

Flo)=F (20} +205, — %

AVERAGE WELOQITY
OF G =10




CEXAMPLE: ROTATING STRING.

coo (o) [ cos{wt] \

|
oin fosieh Yz \ sin (iobd ]

"
CROTICE - THAT L THE  OSCILLATION ko=

BOT.WALID, SIRCE }\gg }[2% 1.

‘N THE CLOSEL

ES
-
' i
e
£
s
)
i
Lo

W

CTAKING C DERIVATIVES

¢ at /&L - 2,7t
;; o7 ww.,.,._,u.,,f,«ﬂm<u>§iz:4z~%‘m(vszf

P o T e

(uﬁx'a_\{.‘..?.\i }5 0\{"9‘1 e

SIRUTHE CLOSED UDARECTION  IWE DO UNOT S HAVE - “BCS - BUT CPERIODICITY - CONMDITAONS

F(E, 6+ &)=y (4e)

el
CFLOMUST O MOT BE O PERWDIC OF Prron £, BUT THEIR DIFFERENCE - MUST BE
S TAKING PARTIAL - DERINATIVES :
DI N i S
i e}
B b ()
R wee> F2OARE CPERIODIC UNIT VECTORS
F2 (u=g) = F_(y]
- L CAN BE PARAMETRITED
AL [of SR SRS
CTHERE QAN - o S ‘M{”\HG,;{}'{,{ ON
SPRERE WY B =~ A dby, WITH CLOSLI

FTRAJECTORES
INTERSECT ¢+ WE  HAVE

- BYRFACE ©F L, 6.

’

Flo(uy) = F(w) t

THESE CLORVES T DETERMINEG
THE MOTION UP TO  COMNSTANTS
OF - INTEGRATION




g
[t}

since FLois A

MOREOVER ) WE  GET

CBWEN 4 (k AN WEWITE SET OF  CUSPS

ODENT OMECTOR

PORITS WE GET

aTE

“g ¢ = SINGULABITY ALONG THE CLOSED
96 o8, DIRECTION

|

;

¥

6 AROUND (ks 8,)

OF. THE DRECTION
METRIZATION: CUSE

s L T e B e T e
)

ARG EMT
BUNDLE: WAERSION OF
PARAMETRIZATION
DIRECTION,

Lo OMOVES AT yso




