}"\#choacw abova ivi 3D Nowrelahvishe Q™

We all know Hae \/\o\m'\l\*bv\ié\u
- )
P « P — Ze (@
WMy IMe | K- K|

'Y\-V\Ol euown

Fos;\—{m N Hae
CoYye S\’Ocmo\‘\\r\j 'YV\OVV\eV\\"o\-

HFhe Po.s'tHW\ n e elechm, ;’;% e
and m% Hiewn

We qo, &s wwal, b He CM and velahve
C.OD‘(C\-\V\O\“Q
.(QCM - M'v\ XV\.-" MQXC 5,—(. = %6—%“ @
M, «M¢
with RWio C,oth.S\oo'\r\.d'\vv) c_a\V\oV\I(_a\l\y m‘,vx@o\k_
) e / (v
VV\OW\CV\FA.
— — - @)
lPCM: P P P: Mn Pe = Me P I
l Me‘EMw I
L,- ]
The Hawilbsmi an becomes
M= P . P _ Re ®
1(Me+Mm) 2™ ,22\
M=z Yeduced wass = Me Mu ()
Me+Mn =




Twhe M vvuo\‘l‘vv\ c\-e_(_ou\\'o\f_s O\V\d wte wt\\

Tgnove ik jn Ve ("—o\\ow'mg,.

H\“ - J—Ef - zel @
i 2LM 1% |

BC(;orc w e OLC\‘\A‘\\\/\/ colve 1Y \ebt do oan
OY‘dfr—J\—W\hS;V\”‘\I\O(C e.s\-ivv\ﬁh’. \;vv l—b\c %rovma(

6\-7/\‘1 Q.V\ev‘o}\,_

SO\';/ Hae 5‘\2-QJ\‘ e wave {—v\ v A = AX

Now b\/ de B\"Oé\iéls N(Ah\m P =

81

Vi
12

E h  _ Re”

LM a* 4%

Whal Fhe “\OCS"‘\ value N 0\.7 The ome Hael

YA 225 =

- 2 =
al_t =) -k -\-Z_CL:D A < L\’

da ' Mo 3 ar M3Ze?

g chncs a a.nenhnw \8‘\!\6;)"1\ Scale arlts'\v\j

’FY(rW\. H/\\-s pYo ‘o\lgw\

PN

\
QA t\.z (: AT G°-k' n MKi) @)

ZMe® L ZMet

his is Hhe mahral unil N \Ch@\—\v\, The  natlura]




«“ (A L
QY\{’T‘:,/Y '\AY\\\" %) ze - E = -k' @

| % Ma?

Now we oare veac\;, o solve Hne f‘avo‘o\em.

Firgd ek wo Ydenh bf 2\l Hhe Sywmne\v'\es we

k\r\ ow  abowl.

C\Qéﬂf\\/ )‘“L{ v 7‘0\"0\-\‘\0\'\6\\\\/ nvay)ank, 8o

- /
L oawd U3 arve Cov\sevw.o\

(W= () (50 |@

S0 wWe can $ivvw\“faw\e_ovw\~/ A agonalize i,
/7 v L]

LY ovd Us,

We will  choose Yo work 5w veol shace. The

pYD\o\CW\ Cawn 0\\50 \oe o\vc.a( mn\o\e\-c\y

O\\qe_\o\ra\\cm\\\, bw) HAae V- solmHwm ¢ Y\O\f'

h’ams\aawev\\»

Tne a\se\ovmc_ a\\’a‘?*foaxc.\/\ \S \oqsea{ o Hie

consgevved Rvm@e_—l—ehz \/e_c\—of

AL—CL\\L(“}L'\'\L\&J}» L XK, @

l>,<l

buwl we Will nol pursue s here.

We O\\Yc_a\a\y know Hae QJ\‘aeV\?tz\V\c,Hms ./) A-LI{.U_Z

Thfyy are  VMac sbheri cal  Hoarmonics.

gy k )
W ow (8197 = FTLUD Y 10,9) |

W

u‘%\(ﬁm 0,0 W 'WLA\{,Q.M (6,¢)




Do owv e,flqehs\"ﬁ\\rt v s

. 1
l\-\)el\.l!,\.m. (‘“.\9)?\ - R&.Q,vw U\) \flm (G,q) \@

\

where oL 1s sowme (sel) d) othev \abels

needeol Yo Co\m?\e\—dy charactevize Hao

quwmnkAM skake .
H\H l\\)u(‘_Q,\M: Eil‘)o(lwu

®

R d vrd R et WA Rup — R Ratwm= B Rygp |

')_T/\r’- o\v dy LMyt r \

The eqh v's independenk N m 50 Redm 2 Rat ‘@

Let w8 wWork with  dimensionless variables

e~ p Y @ sudh  Hnaal  the Eo Yexwm lecomes

exo\(,\-—\}, \/4‘_ Twnis \'\avo Ve G\A\/an)"v\g-c P -

H/\g_ lO\Y'S\C f QSYM!D\‘D\—\\CS cﬂL R_, AYe uvﬁ’FOY\M

2 t,i 8" Y—?‘_ xR, g + Le0) R | -2 Rug= B, R
t L deg” Y

2M ¢ dae
=) WA LM E,L:_-_l_ ﬁ: JngEad l @
-kl 2 “ J “)“7'

RCW\QW\\O'CY‘J we wovl bound Slaks so Ex 40




®

De{-me %} = 2AM 2e } Whidh s dimensionless.
R |
So L d e*d Ryy +(j:_{m+\)+l\\l,u:o
§* dp” ap \ $ $* 4/

TN

= RL ¢ 2 Rag +( f &2 ) )R 20 |W

| 3 18 e/ |

Tht f-irs\, \"r\'\nf) \'\7 0\0 s Vo \OO\L a\ Hﬁe
\‘Ow‘ﬁﬁ-g behavioy. Twe Qc\'“ Y‘Ca\v\(,cs o

/s |

n
Ry "ﬁ Rag =2 =) Rag e 20)

Ko " ~—rAF

_(\f\c_ 0“ ,‘-—!—CY‘CH\—\\A\ QC\“ 6\7'( S*Q .\o

‘g s T \




Now we we Fhe welhod J] Frobenius. We

ASsuwme o PoweY sevies € }he {"—ov\m

=) )
V) n
SQQ (S)T— g Y\Z C'y\, 9 @
>0
Wheve Me PO"“"' Y b Kknoww oy Fhe index
oQ
/ - Vin-|
Sar= 2 D+ cng
° e N) £ —-2.
T v-n
Sap = Z VM) (Vven-1 C,, ©
i o
— -
) Z }\CWQHM—L [HW\) (Vi) + 2 (Vi) - L)) j‘
n=o i B
ﬁoo -\‘}4‘,\,\\\‘ @
+ Cn g Y_—b”m) +9-1) =o
W= o
Lek vwo ook ol Hhe  swmallegd power N\ ¢
Wit o \o V-2 . The COC!—HC.\QY\L wunush vaunigh

=) V-2 - LU0 VENRLL4) 50

4

Thie o HFhe indicieal e_a\‘vw\l-l'm. The  solulms

Oreae

VL of  vsi-d-1 |62

N—

Fov _,Q. >0 O\V\7 'F-V\V\CH " Hr\c\\f aoes Lke
Q—u'-”) o nolr- novywmali 2~c\b\e_.

()




chow Hal  choosing
vy

G\\—-H-@{Qvﬂr golw\4d n |

63

v=4 l.v'Pv\H-'\v\j Hats  in we

ek
2 < Lt j-2 )
2 1 S Co | (A43) (54— 2124))
1=0 v v N—" > e
J R+ U
I E X = B
- [9-1-2-31 § =0
+)-1 -
The coefp N &N

~—

Cj (_6“\“-Q~V\) + CG'_\.\[ (_:\-k\)l +-Uzj+3)] z0

- C- ) +441-9 @

?_) C

T4\
J

(J+ 7+ ,Q.(D-:) +3)

Sevies wal|

For 'v\ovx-\'nl‘esev values N 9  Hais
wo b \—e,Vm'ch\-c, S’m!o)gose Hm‘s 0CLUYS., YhTtwn
—f—-o( \arge valne, N\ we gel
Cri x &3 ~> Ci= L G
J* de |
— ‘ —

n Q -
o [Seq ~ gt €@
/) e)
ol

it Haig \'\a\l'o?evxs‘ R&LNK‘LQ O“VCYC\CS

How evey

is un-normalizable.

o g—aaol, and




Suv wWwe conclude Haed Hae series has Yo

l‘ﬁvmina\'-c.

A
v~ 27 ~
Ths's menns Gz 1444) for some
aJg J J J
-~ )
De Fine \'YL‘— 4€l<\ =) a=w |(32)
\ l \J (e} N——r”

T\'\\-S n ¢ Hae PY‘\V\C,I\bo'\\ q\Aa\V\)'\/\VV\ Y\U\YV\L)-GY‘,
| J

C(conrl;,’_ Since J >° ‘L'VL—Q—IZO @
Recall %, = 2M ZCZ ‘3 - J%Mll':.(l '
R*B ®

= Ry2IE,]

=) w = -ZLC M E,.=— 2e” A
= of
2452 (Bl i, |
N .
Where A, = K s Hne \ehﬁ"‘f\—sca\le
Zme” =

we -f—a\/\\/\b\ QO\Y\;ev.

Since Fhe  Series !'uY Sxke=Sny  terminates

“" iS o \?0\7Y\QW\;Q‘. -(\'\\‘S FO\;/V\DW\.\‘(A\ be[oY\%}
Fo o class celed Hrhe (assocraked) Lo guevre

?o\yhovv\\‘t\\_s s

Lek ws  define Saplg)z % Laele) |

N




g-\ L/
She = Qf Lng + A Lne
-2 — /
S he 212-1) f LV\Q_ + 1@{ ‘ LV\.L + 3& LM_Q,
Sus /Z—!)S;::Q, £ A2 S, —‘Wmsezu @
L3 5 $* \

0-2 . . 0 n -2 -
> L0 Ly + 208" L 4§ bmg + 228 Lyg +27L,

~ 00" L g  Lg + (3-00  Lg —ean $Y T Ly 20

L-7 L

The g 'y Fevims cawncel.

ol Loy + g% (anva-g) o 487 (g-1-2) Ly =0

or )

n

o LMy + GrrgyUag +(nat=) Lz |62

e

ve call gzn

Now we Wil wywake Fhe Conmnc chnm J\H,

L_ajwe_vve_ \?0\7 nomi a\s .

he Lajwevrc \;)o\\/y\omia\s LW(S\ Qvc

O\Chne_c\ by the ge—\ncTo\th ‘F\AY\CHlM

—

\
e 'S L) L& 33)
0
\

!




—(hcy also have a Rad«i‘quez ?‘OY\M\«\&,

e w e |
Lald= € 4 (e7g") |@D

_ b \

—

\V\. N powey Sev\u_ S w lee k
]

L= 2 €

\ - R=o El‘ k\‘('n—k) ‘.J

The firs)— few )\ Fhem ave

Lot)= A Lipr=1—¢ L= -2+ €7, o

The associaked La@uevve \'oo\yhaw\'m\s Ore

e—

Lvr_:v(gb—— xPe 4" (P T

dx"™

|

’V\o)
\ o

= Z \)S fra4p))

k<o k) QM—k)‘g ( P4

The C\\‘f"—C\(‘CV\\"(M\ eq"  saR¢cfied 57 ij\t A
[ » \ 1) . , .
gl\l--:w(ﬂ) 4 ('pﬂ—gB Q_;(g)) t mbyle)=0 \@

Covvx\'aow'w\j, R (3—53 we See Haal e ‘Y\Cf_a‘

M= m-L-1 D=2+




The soluHm we wanl \|5

Twe -D—V\\\y hovma\\i'tcal wWave £
/

-\

) e)
& ~ 312

. 2241
O, 2 N ) Vg SJL L, 24(&) \(}mlGH)N

LW,/ 2n (cnen )J

f - 27 ae; '17\1 @

Re_co\\\ Haenlr n-£~) 2,0 .

So Mm=1 ¢ Pec swmallegh Poss§b\c valuwe.

For any M Wwe cawn have valun N £

o<Lswm1 |G

=

Cach vale d L han A ate_senero\c,y J) 244)

so Hae ovhikal c\ef)enera\c/\/ ) a 9gven
(Whiclhh  delermimes Hae eneve)y/ E\J w

(V4

—r
Z (224\) = Nt L. ninA) _ " @
La 2- o/

\V\G\N\_C“"\f) Hhe S)O\V\J\ Mfe eleclvron we geb
20" Shales wikh  enevgy E,,




Novmo\\\\/, \jt o 3D Havm lownian e oy\\7
volmbFional  WMvarviance e expect hHne evergy
o be JLV\CXQPev\deV\\r— A ™M . buwr o\e\aevw\eh)'-m
Y ownd [,

™e yvenson \—Mc H—AH:VV\ \'La\W\'\H'b\r\invx ‘/\M
> hra c\e.)jgev\e_va\cf\e_s w duwe o Hre comservabm

J\_ Fhe V\V\gﬂ' levnz vechor d)

O]C- cowrse wheal we lhave done s ov\\7

Hhe b:a'ww\'ma N Hhe S\'DY7 | 2 foms.

Arsws have many elechrons Haal inkey ack
\/\(‘\\’\r\ Q_OW\'\ oPner. A'\So : we hov e aASSwm< ¢
Phe nuclens o be « Poin)' )Do\w\—'\'c,ch Which
s wvolr  une. Pnrw\\\\/J the covrech eq" for
the cleckvron is Hie  Dirac eg" which, in
the wnon-relabiviskic  Limib  pyoduces Hae
""a\vv\‘\ H"U'\r\.\é\v\ we »w\\/e. S\"V‘VLQ..&\ wiHh 5 ‘O\AI"

0\\50 YV\o\Y\y o)'\/\ev C.OYYec,\»Rm \-evw\?,



