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RFT [ (Hsmology, Achian l(eut."/,éectdﬁc /5

.(ll(v“;" f‘e quwﬂid K‘. Lo, S IRW ‘paatk-—us

Recaa:
A
1) We olas the solition Gliit) thrah bhe ansal

1
4’(«#): Z u,(xt)a, + u (¢t a [éé)
ke
-;\‘ c{ we wae o’pu-lws a, o&.’u} fa,,a’i‘]:sg(k-h') and
¥ of we find dassecd souilions §u, (Hff of the K. 6.
egm., collled rmode fandions, waih ""7'.
'V‘;_l'f Z(“k(f,l),;%, uf(«if)-u,f(«l,%#,hk? =¢$ ;(')? '?') (4’ )

v
k

l) TLCM, we can use the {“k{ o bedd o ¢omveniat bass
o the Hollet space:
O Aordy: (07 & ¢he veAa olgung 2,107 =0
O The other basa's vedus ave:
allo> , ... %—1_7'(“:)",07/"‘ a, ay o> , .

g (@) (G, )l e>, e

3.) 640080;\; a daffoat sk of lassical SrluTeans $ &yt
wln'd UG?, (C') yoolds the same $(¢.i'/, mnawmely,
1
4’(«.{): Z u, (x.8)a, + a (e &
be
bt the Laus o veas loy, &',+I3>, a.a,t1e>. .
v a o‘t//twwl‘ base's. Recall : Stome von Mecsnanan tbeorem.




Aflyl&'av&'wn b FRW ;ﬁaat;me

0 Fov comuemionce (MM, o evand & frleon'-€ype Gram ) core
avm fo solve wot /w }(x,ﬁ o&‘wdﬁ%, b/ rsleadd [fov:

72(7,x)=: “(7)$l‘tl")
a J‘Vl !ms d 24(7,1) {‘te W k.c. epm. vead's ;

‘I/ A 2 //{ A
X (7,)() - Ar(?,x) 4 (wza (7) "-ea—[:;—) -7((7,1) =0

a0 NMot: .
TA‘S VI a Pavtld Av/;(ﬁné'd e,mca'd'n
decavse both Came and 5pomce o v venr Occu~.

a 06:-";.&;».; Tle o&wb&&'m 5% N e mﬁﬁp»&cdﬁm
apw«vfws ck,; umoler s/wtc..l}’m'w {v-q.f/w.

0 Pl : Bglm {17“'7 Yo soloe A, use Touwer o

fvms/m é‘t I( 6. e’»«. ﬁm; @ Pm'ﬁd DE
we: B (a) = | -ckx 3
1 De}«ne )c,(7) . j@T);/;- J((y,x)e ol x

A ckx
te.: 92(7,)() = J@T‘)’Tl_ Xk(?)c 0(3k

D /4%4&,%5% 2

x

LAY EE f(lrrl)_m T (g0 " dx




B Thus, on Temns 4 JZ,,(.,),fAe KC. eqgm. veads :

34(,,'(7) + (k‘+ 4,.1,}(7)— i((:;))) 72,, () =0 Q:dM)

= fo ead comovimg Focerter smodle k the K. G. egm. oo the
Cqm. 4 a hevrmowe osullotor vt tc}ml~a&/9wo(’»?‘ fvt’mey

Al 2 P
X, (‘7) + w, (7) x(?) =1%

with ; w, (2):: k: + wzaz(z) _aty)
ahl)

Resmark : b ) MWF*MJ that )[7‘4‘“7 7«%— cmlw"n; aode o2
cAm’u;g Aicavse Hs P4}A4.¢d mw&a/\.‘d [ 6‘5«/«&; o0,

JM fx(raw: casSeés:

TI\C PtMC’ Wy (7) Wy &come u.»vc’(;ua-y/

fno»w? i a'/(y) o /(o-vr maa,é, . e.,:}
the lx,:uy;m ) m/y'o( auw,é. Nole thah the
olescnnvmant also dopcvds om k.2, 50w e modes

amay have u'uarma...? fregusmcees whande othess olom "€
[ Exevarse :
X Show lhat  X,(y) = X, (), To6) =17 (,) (o)

¥ Slow ot ;
[%G), Mly)] =i §'Ches’) (i)

c.e. [32,, (‘z), ﬁ:’ (7)] =« 53“’“ ()




0 Jm ovdew o solve EoM, HE , CCR fov %, (3), wure
wre ma‘t éAl'S MS’""":

F o ca Lalley

x, (y) := V# (V:(’[) a4 * ‘44.(7)“-:) (4)

0 Exesase: Sxf-ress the woc ﬁ...tv‘ms uk(a(,x)% (96) w
£ crms of the fmilions U, (y).
a Pw,ng’fq‘w . T be ansals (A)

i) solves the lu-m«’ﬁ‘u'{y condliom HC) b Y Con Slustsom .

2) sobves the (EaM),q the vy(y) eak sofee (Eonr)
an (Ca-m/alex 1) rinmber - valu oA Juam s :

Miote: The eguation o(a.fw(s
Only on [ k], mt o the climdlion 0" " l/( )
) . a._2 a (%
F k. Thus § vly) & asddtion \4 ( ) + h + ‘( )— Vk ( ) =0
Joron Kl s oo, for ol * 1T ? aly) v (M)
K b [k =11, 2 W conn.
amd wall hosse V(7= iy &)

3-) the commntalion velations (CCR) .d
the VU, coe chosen sud #wl{h’ also 4&7;

Ve ) W) =) VG = 30 (W)

1 Exeruse:

a) Prove the fW,WtN

b) Assure that V, () rowy solation of (Eou),
Show that o (W) hotds of ome Core
Lhan A bolls cih MU Crnme .

(#ot: The LHS of W) 5 the Wommshein”of the 00E)




Concdusion:
C/—j

]‘Vl vty €@ olfacn the soledrom C;(?,x),w-f o :

/4) Ib;w( ﬁov tach amode k eR® a solutrowm Vily)
o MN), v.e.,a sctulion € the dessccal
havamonte oscellafor sntb Come- a‘c/a-—.‘&vf
fregumey .

E) Make sure Ve (3,) W (W),:/ meed be by,

M/%P%} wunth a constant. (lecall exevaie b))

C) Bdlu Lau's o Che W MM "/44:

a,lo>=0, alio>, a, ai 10>, etc...

Chocee i@m-& sobuoms {V, (-z)g

0 For tad chore, sag 5V, () o §V(,)j P
hhoinn the Somme Plet) Lot the bases
‘071 q’k ’0)1 akak: 10>J cv o

ond
l’c;), aklo> a, ﬂ oS

e
wndd of couvse Ioe o&]/eu-.a/

0 We wall %ﬁvﬁ‘ll( A conveniet 4o
wae the bases 107, o 1oy, al,al, o>, ... thet
Cones mmth one sef of smode functa'oms $ Ve (3)3
o ome Cinme (Sq? J«dﬁu&) omd €l the base's
(0%, anls>, aa, 155, .. . of sowt $U, ()] Lathe.




WA7 2 O Jwn the H“'SML-‘V; praarve, the

535%3 stal vedfn & hvays the
Sarne W A s vedfov .

O But Hhe obseonbles cvrlos ntiome |

—> Tle Wtoings of all W A space vedf s

u‘n»,e ou, Came

~—~—— Wk may,eq ., Aoose a¢ se $V, % Lobose
wedfar |0 Iu”us o be Lhe vecucern stale
X ot Come amd ure 111ay choose o ther
seh §U,{ whose vehow |05 ha ppus
o be +the vacwwsn stols & omothsv Grme.

a va W)r ,osw“ cAactes d
fu (2) f Vi), § § U )8

ke k(»//[‘
0‘0 txc'sf Z

O let us conmdev each P’y k, fepa-m&/%:

O The sotulion SFCGC 7 (m), /~ ﬁ'xn( ke,

Vv (7)+ (k + wmially) - ((’)’) Vely) =0

Ims ojcouvsc L Cormmplex dervunstons.
[‘/V 151/-«750&4217’-40'%- (W)Ms%éccm/:,&x-uﬂ,(‘“d. Wwa,
- T —
a J/ Vi v a cw,&wihcd sAutern | thon

V, awd Vf

ﬁorm a basi's w the solulion spac.




o

Z\N»vy su(u'&‘w, Ve, v a Lovear cormbeimalion
of Vi, V)it theve st cxs¥ L, feC, so
bt

I

Vely)s oy Uely) + B vi ()

a TA& acdual MuM; o 3 !

The solution Sppece s bar 4 veol divumsims, bt
one vead dirmsmsion o Lost becase the sotfions
\/..lo;,e'/c st also 0&7 LW), re.:

Vie () Ve () - G L) Vi) = 20 (w)

(Il.e. JM {V v ) /,wlv- A o-w(y one vfﬂlﬁ"uatta»‘b)

a PwpoSa't'o-n:

Asscame Uy olign (W). Thew, U, olofomed thvaugh

Vely)s o, Uely) + a0’ () (8)
wlso gy W), Yf the coffiets 4o, f, olas
FRAESE AR
0 Prosf: Exeverse
2 we easiky olfaira: K.ly) = o (W lg)ay+ wly) , ;( )

=— (V'G)a, + ()
VE"( ’ s

-
-




a] U Suba f‘van:/wuwfvw ﬁm ome Aot'e

fv.{, a, ol ¢ rweopom iy bascs
107, allo7, a, a,. 10>,

€ sowme Vb , 167, a, avel thas base,
(07, al o2, a, . 107,

v called a ”&ld(ubov {ronsformation ’

S{Vabz Z : WL Aaw {wo -(osés Ao w
L /Mué gd’d»&c‘ou Hlbe bu}t's {Vans/.vms exf"a;f .

E’; s0 that 107 G ot
Loa st cot-oo Tt Chy * Tt‘ml ol Wl Wl A Maere # é/,,{ ) Corn vt s Y.

Ve cebann «

&ﬂ&a bov {mi&Mws d H Mot bases

0 How cam twe expess he basi's vehos

~ ’\'4— ~ =T SRR ~E Tt 3%
o N> , — ar 107,..., a,ad, l1>,..
l > / %.’_, 1% J 2 Bt 24 7

or Montav combsmations af the bascs

l°>/ 4, /0> Fa.z,07j -y a:a::l0> .. Z

0 Prufau'ﬁ'on: £7Mo‘ta~ss 8)& P 744(9( a, = cl:&: * P a,
l’»mj; Exeva'se.
A Mow we observe thak a, 107 =0 becowmes:

("lkap "ﬁk 'lt) IO?-O




07:7 o sad&/w Ia?uukyamsrlé: lo>:= ( “ f(a,” *k)/0>

a PWpoSf'&'on:

a M Exeruse.

Aat Aat
Newl: Use ae =€ a+ re ..

Jnten I)vdfdﬁvw i(T) :

a Arsw,e.y.,{/wf [0V omd [0 cove those H ok
Space wedhors wbhadh Ad/!/)‘-n Yo ke Ll veccersa
stale veHnS aX Lhe Tirmes ?,m/ Pa wyloi"w%

(W,e il Soom ex/axéa{ élo—m/ to ¢ M// e vocconurn
st e a/fwi ;,‘t/-l—u/\._ét/l/ldf)

O AsS st of Linme 3, the Syslomn's stat 105,
Che va e stlle (on the semse o wo pati Lo stake ). Than
Ao convmint {o hoose {he mode fumitioms §V,{ s0 Chot':

IX7 =107
At o Lder Uome, 3, , 4he s gplom o> S v tho's stat
bt o vacusim & then some othe vector (07, whik
beys 0, 1T7:0 with mode funitions V,(1).

a T/uus p [»-»(T) we sece et th S,St‘«'s sfdc,l.ﬂ.z
"’Wf’[:. a $tdle wmth sy '0&;&'04:,

0 Note: e poliles bsve Locon crveeo o ke, -k parvs .

a Jm'ﬁ«"&':la : 7l exlm.v'm w’s vty laal po.fa'e(u oufo',»fa'o(o,)m&s v’.d.




