§729 0ct 2004 ®

)

(i)

(13)

()

()
(1.6)

@;e\n S'\'vijnﬁs___bgjr_ww EOWOJ\L\ D—braves

i ‘% pes of n o shings
-* +5HA0&L V\m:',OPQsowu‘\-ml‘ﬂ

? '(:or a smj\-z, Dp— lorane

- NM &dzm\: =
;4—/ / swrc,wo\ shings
' awion 4L & 2

bpul .b,,*z

The NN cwords  shll Dlo?.\j
XM'C‘C,G‘)) = 0= XM'(-c,o-)l , We=0))y b,
0co

Bul pew 1o DD (wocds  sakichy
X ('CJ °')\ = 7—5? ; xX* ('[,o‘\l = f:: ) 0= pl.~ 4
=0 oSt
Tn gueral, e solubim & a superpesition of L-
ond. ~ R-wwevin wowves !
)(3"‘(1,«') = _Iz. E‘“C’H'ﬂ t 3"“('(,4")]

ond Otpp{\j? Mo B @ o=o (\res
V;‘C‘c,ov = L (f2lo) + 3“?1\)c .\ii‘f
7 orlo) = —fUv ¢ X}, So Kok

)
X2t,6) = £+ L[fre) —f(x-o]

Appluina w fum the BC @ TET gives
FE™ 3“—\- {“Cx-ﬂc)-— f2lr—m) = 2% d

T e o - AW = 2 (-



(14)

(22

(23)

(24
(xs)

(26)

()

&)
6dC Wit perod 2
$o .F“?QM .fo u + (h‘; Cog(hQ+ 3: s\\a(vm))
n<|
(om con s font plece , n=@ wmode, woul 8 Jw\-
OOVY'QSPoV\-d 5= 2(’6 x,°') cee So we leaae (4 Gbs‘"")

Putting tese  equokoms velds
’ gxq(t,cﬂ %(T + (X5 3“") c +U\Z o oot + J& swint)sine

=
We o wwlh ‘\"M -kﬂw o(f o cellotor Yo des
anfim m_c\«ow call 4
K, o) = e (£ -x“)_v: t a2 5 Lot eI SIh he”
b

N.®. &) these o are o\»ﬂﬂv\t Jo e occllatorg
wed to  gquanhze (1,10 (or (22)) Shngs
Mreg. Ohes’ ore rdevank te ([()_) Q&) 3«;«35

QNo{e, Mok €2 0 Me gbove ¢ Comect @)

So. T\f\ese mo des haue proparty  Thok
= —CJW" 5] Ay € ”""" sw\n

nez
& X = J' 5 o T Cogho
nwez
whert we howe abbreviade d
o = L | (=y-EM
> = = WC 2 =%

L U T
heZ
lke we hod before  when wharng fae open S
for e vony fivet time. v ) fen Y8
> CCRE for «'s is same oc kefre (bt nok @)

Hw2 RLb\va\ 1 gk you Shaow exp(no\%kj/ o,
"anro\ s of N-oc D-ness of X', X~ ¢ skl WN.

/

S...




MS\M@ kytowho\ge, of X (X'<z , X') Hom before, ®

. + — ¢ U o A\
(b 2PTET= L[t Lo 4 RO ot ) = L

W I-= ({/“) o=-1
(<4 M

Lo:om‘c
M* = 2ptp7— pipl fs given by =
(32) ( (' ] —rL(Nl*L)& (chrefched shings)
Z_-n-dl ol!

"\

Hris hos o beowhfurl P[«q{sfcal lv\MpreA-O\H mt
it i {Me Hh of o

ht (non- Mgqly)
5‘4-\/\‘0/\3 sthethed  behwenm 2 8& X }02 ! Y

SM
Fomsion blug whot  cawmae 's-t"o‘r‘t M Je«wxy;ﬂ of fom
of bca ll&-or WM bnkons:

(39) NE= £ & nbEHDT B E m(af (a3

(34)

| =L M| Oz pyy

We Han buld Wp stoke space w much fhe Same way
as  before. Tis s pot  conyoluded Sfor tae (@, or
(2,2)  shodes. ‘%w} o new  Wrnkle

op pRaLrS foe
(L,2) & (2,1) s V\3 stakes : 4+ owm ke Oon{lusfhg 4o

wonder  hae Hute chtes  achaly bive ! The bed
onswer (s fo sau (ke come Zem koan?) flaect
Ut on both D=byanes : 1 and &2 In order B

fully grok” ospects of flk stom , o . moes

i
a brandh of mabh Galled non— commwio:

gpoww. T will not howe twmi fo @y much ot al
o bownt NCG- M As  course.

“_owesi‘ —[qfv\j -Fv‘détsj of  strefched s\w\'\js?

For fire boSowc Stvin M? - -1 4 X2 ™M\ > -
(& ne occillotors ) J o) (—12,",7") <
Tws beComes 2w ok |23-%>1 = 24



C)
At even  lorger  sepow ahious, ths  scalor fetd
be comes masgive.

‘0 he ocollotor

We Qo (abed the grommdstode oo e duffeont Kunds
%{i\lsh\’\gs by “TUI]) L], U2], (21]" w2 notahow,
n howe S?'a)\ls

(4-\) ot lph & s 111> | =+l dn

Under  S0(1,p)  Hug Jronsform as (Lorente) scalas.
Thare ove  olto e veuos uwder sO(Lp)

(42) o g7 21>, =2, ., p
Both sets of felds Mowe Mass given by
(43) M = LI\ £ 0 20
2ot

o | How rv\ou\j Mde.f;ew\o\xwt Lo-f ot there he;c.?

(L(-'-\){ L fo brams @ (d-D-p

d-p-1 massive  scalass
./ B braves i (pr1d-2

= Mmassive vecters
\.—v——"

.{:DS%F vouh“o%
a.‘/oV\ﬂ x® ...

n 1

v D spaehmy  dwaemgions |, & magsive vector las
(b=1) independont Compomunte  for each volme of b
os  Compared to (b2) £ a  massless vedor |
Hic  comecponds o e (»'V\Sf‘('uab‘lrw\,l Folan'%o:l*ow‘
c.f. e Sound m b=Y T2 wuy s
. LCSM' wm DTy ¢ 2 weodeg




(5.0

(59

So one of M scolors must Yot forcec with @
QGectors?  above to make o preod Lve naasstve
veckor Qedd | amd  bowe e oMar (d—p—2) scalors

Yo oactually e scolors.

Wach  one i¢ ik?
* For sepowodion olong ome x* bedwen B4 omd W,

le.. 'Fbr = d~-2 (e . b8 wy (o dwmams ons)
s cear Whch 3'\ML$‘\7 b & ™ .

But  whok J p<dt T T fhee Tc More thom she
stede 1l se
@t g+, Ty 5 T2,

e For oS qht Uheor Combimoden
P C AT N (4 L L i MM Y

pMach T fla only Combo et freats ol @
Mrechong  flu. Sowe | ond o  wwgt be n;qwr ohe

Youg— Mills  on He Worldvolume
Netrw the fascinoding dyemdence o (€3-%)

Tor fre [ occllotey stoltg Gl of thawm) we howe
M = \("ﬁ“-iﬁr 20

2t
=0 wmen Xy = =¥

, o L b[a-lorqvw.
wWorld o lume

& inuwdank  b-bromy  peccece (NY masgless
e frtkds  ond  ccalors ([Ving on worldvolume

2{:5\1 -ey\“o\foivvt (on‘ﬁv\l{d s%\a\?j.c) ?\ %‘5”0”—@ ;
whare  T,5 =4, N .



The fooy Con  achually ke choom % pocsess @
QoLAGL. grou.p WCND .
(Remiewm - A A 'Ta' b Ay = A A
f* F 3e,wa:l'vrgm In PLne odse,'ora 9
Covonomt  deFveive

F(?.) = dA(\)’\' w
Bigmchi  I'denhty honzewe becassse LT TH] #0;
DAnE =0 wm fack  [T*,7Y] = b Te
C—.wui, ehamank Shucture  constante  of
U= exp (~ ‘;ATA) Lre grewp G

adduhive omeders (ke votohion 6r rdhy  BuT
(TM 2y o\cfrwoubj om  “Chrerncd? o\cce?*a ?h £edds

Sone, 'Fi&\d {olf‘} gt acded on o

% Q/ e  grow 6.
o w‘wh of D ¢ ok
Dq'—s U qj
amd.
F— WEy™
i e

A— UARN &+ (dwdu!

Ackon Pvivxot‘,h,
So\.bx .J:-?(—-%Tr‘ (F"W F,,v))

omnd  walter  Couwples wa e cyoiamt  oerivobive
no gy Cost)

Nole : m— st AOIN— Gy N Ca\"/( o lokels N
— u,\«* P:\?Vv\ ‘[‘anpors) 3« csh hg M.(.;Mg :te&ki\pwn b-lmxhes




(22

(3.5

(J»{

]é‘\'ﬁ(/\ﬁ_c betweun b?//bq, @

We dowk woant to be stuck with on ablly fo
O»v\o.bj‘ée_ ol S’M'hﬂ Stodes  for Sepowr oded bt
oftaurnice. Tkl bp- branes V ©)

= OOv\,dd.Qr .cd:ur o‘f Df//b“lt ,e.cz. b 1l DS:

o \DP& |D¢;
we sthill howe
four Sctovs of
strefeled  shivgs,
but pow ore
bs bl epd o+ (9,
(pr9) & (§ep)
Shing s (1)
We break Wp our Coords rhto @ clasces = (p>9)
Common  tamgqentiod: x®, ), .. x¥ (NN
mixed v ok, X ¥, xf (ND)
Common hormod : xPH L xed (PD)

T ltﬂM— Coh .gownga , twieboch labels thew as
t X+) X, {XLJ ) {Xr}, ) !{ Xa},
NN ND bd

¢ Sineg  we olreo.zlp know how to 7;4&\/\.*-53& NN & DD X
felds , s wow” comontboke on “fle naw ND fac; -

D Moduj
These are e mixed Coords  X'(t,00) ond :odﬁ% B

Xr’(-caf)\o_ =9 J' )(Y'(-Db—) ,O" r = X
=0 —

2



<?.\)

@

3
b0

(39

<)

§)

(¢9)

®

We v wrk, o0c wgual, for wowe €0 solu
Xrlt,0) = L (fr@ted + o (=m)
Sonpesing N _Ompadien oF TN, o
= 97w , 2 g7 Wit Co
o  x"(g,6)= X% 4 1 (4 (to)+ 47 (-07) chovte. = 2%
Doy b skt ok e g, ok,

s Makes suee & meode- OQPow\cl with FWD\A‘O% 4

Hris ih%(3r.e' o . o
W) = CocNU W (Y
"F Vt%O [‘Fh (.,?.’)"" n (,_i)}
Tor  awhpededixity Jo hold, we sum owy over odd n,
hot &ven nh.  (Tn powkcwlnr, no @ mode Thcluded!]
2 X (o) = X+ 5 ):A‘;\ Cos (mc)—r B S\ (vfg)] cos (o3
n odd 2 2 2

Swee  we  howe an{w’rux“oc\m'ﬂ ; we should  actually
expamd i holf- odd— lvx‘\-e&m\rhj moded oscillotons

PC"(’C,G’\ = X, 4 T 2 0(',':,z T )T Cos(_vg@ (Nn)l
| T heZoa N e -

(agoin, weded fo howe (G W = «T,, )
TWs . mokes  sure, among other Yhings, faak
AL £ R R P
NEZ.ys
Then the ‘{“ﬁh ,heZ,aLd} Con be shown to oley

Ao  stomdord CeRL  sharbng  fom
X , X3 (r, o] < « Q2w §le-a) &S .




(a1

(42)

(943)

Zpp2a23  shwws expliatly  thot Aax  givee <

Lavr, ahp) < z 6™ Snm, 0 >

Mass- s q/ware.o\ o‘ou‘wl'si

P vou vvu‘a\rd- rioging,  M* godt  comiv bush ons fom
ol qctos — NN, ND owmde DD — becomge thods
Whot £ tokes B cover  X°, . x,‘*\"

tritcel  dimengoy
E}j anology |

g [0 e Bl )
h=(
-\- 2 N:mfz_ d‘;\'\fa + Q,]
MEZ)a

OK: fe gueskon 1t @ whod & 4l normod Ou-o\an‘hj
cevcFonky o 2

A We had MMox each \‘v\-kjml\:\)-'wd.eol xt fed

A A (=L : = — [\ = —|
Conti buke (2@ to a _%-(Zh,h) Ji(ﬁt) =
So for each NN and eoch dd Cosrd we gt L.

| ( &
% Whot okont e half oifegrolly~moded D {xr} ?
We are osking abowk

C r c© n
T

2

2 meZ,44 mc Zhw Umezha

¢ Thrte o how V\M\g ND coerds ! (WWell, we hae
(gt RN’ (cI,<[>) and  (A-D-p = d~(pH) bb%




X

(o)

(103)

1) ~1 4 (‘Elﬂ

Ao ocue  ol- (7;&()-—[0[-— {>+t)] NDs , 1. @

) @ND— b~ @

Thaon

oy =+ (p-9) noo= (pgd
e (F ’ “'\Zélofio\ 2 P__‘L Ze'lwt
How do we $nd ( MZG *Z;"MM)?
W\Zé:ﬂoo\cl g T cen meZ”
= wm + 27 wm
M§thd me Z*
So Z m = ‘5("\3 - 2%+ = ~ S(‘*ﬂ:.'._‘_
me ZJan l2
2 |0 = +EL omd  (p-g) of Fhese.
3
Now  we  com amwj compuke the totel novmal-
“ovdering  Covtom our Dr/I by, syclom:

%I’“"p = (|>+0 (-_-{D 4+ (A—(Pm)(-aﬂ + (P-g,) (—%%)

= ~l(d-—(r>'0,\ + (E;gg)

N + ~ 4
\(“"z‘f;f‘) LMot g 7
i z‘izn@».\v*(aa ¥ mz: | ‘?r*m oyt (ony 7
K 2k,
i-lgﬂaxém 2(0”%) (Km J




