PSS Sy §373 Rl 05
ano{ Ganim

[- Eh"f’i""} the (ommadaTion reletion ﬂ"'—%%}: _L'([H;Q-D ¥ <@§_>/ Wwhere <a¢.§__>:o Sinee The oftreToel
Gre  ime=ndependenT

T2 L) o bz %

- BRR = 5 (HTgy=- o

> -
Cuilarty 8222 1, Ty = +0e<T)

d<32> Iy = _
It = L;T([Jz,iz]/' %
\t-ﬂl -p—[u‘l’ Ord ey di-{:-{gun'l';ﬁ‘ E?mﬁTjanL UJe (A um_ou\ri( Thena {:]b ‘{%ij

TL\eje Qare COh\r
iy TheT 'rlux) become Jecand —arder,

GhoTher derivetice, hut The price
d [ <) o, AT L 4 [djﬂ_jg_}] - W 4<70
ae L a4t |7 A fe L at de

TN 1
d ;:ii :-*CAJ1 <T¥> é_%%-?: -w?<7‘9>
T4 we guan <HO= Aol eBaalBe)  (To = Ceon (0814 Dsin(3d)
a{(tﬂ) <7
it Awsintet) - Bpcos(pe) @——G‘T"’: CUsia(l) = DY costhe)

W=l =8z and A=-D, E=tC And A= (Tx{?b, C_ttji){&*l)

So Sl = <Tetor) (os (wt) +<Ty(0)) sin(wt)  and <Tyl#) = <% (0} cou (bt} =Tl 0 Sia (k)

T = e +<TeNF «<hwyk = [{ Te (oY) + <?~;r6>\;]ca;(w+) [Ty 0 <Ty(9)] sinlest)

This mation i an ellipe aleet the z-akis (which may be a Cirdle depending gn The nitinl CondiTiony.
Tka Guerage prCLTf—'fi'J-\ yolne pletenes in The (fﬁm(r-." anl ?‘Ma»\'ra-.m (ele ,a) E-L.rc.,.{uﬁ Theoren
b Thet only certain ol of Tu aee gbiceved

The Aifdeitne in “+he g inbnToms Caic

(C’juiri’s-
ffwwtigwra..'\ anl hoa- (.d-'mu-'ring a[acww“ {7}(,"}‘7 or Jy, Tz, 07 Jp,Jx) Cannet Siaw I Taneamsly be kEao—~~

To ar'-:v{rf—n) fasfguh.ﬂ tuh(ﬁ:‘fﬁa-"n\\).

Q- TL\E lf\':) T2 daiar) Thy s T grprel) +he mshmr wme'fhuc'n':x.. s a linear cambinaTion o f ‘[YH"“}
valnel, Thiy cay be done M!L,L\Jen|t-‘|“3 bb (awpm?inj UVCr“\VJ ‘If\TrﬁfCIJ

v monicy Wi Th \'m-\a-'c LK pecTat 19

\45 =128 | <6418 = N(1-o*8)5inb = @ [@>:§%(<\;EM|@>) Vew

eao{f‘t j P‘"“]hl'\f
tnv"i Fart
Ret lefi eyehball i1t SinB (2 @ ~ (a'61in0 (0¥ ; iy A gt kg o
? . m m-_’_J {o [GTJ subtrect Y: ,Y; ;\l'w f\{‘f 'F”m
ooks k¢ oald 1 FE ~the { T L yee whay) |éftover:
1 -l { QreTi?a Gn 1 ¢
\/l’.I _\/1 \/L{ _Y‘-{
W'ﬁ““.‘i’l) let+aver? l@> I' Si‘nefolﬁ — (ﬂlsej'lﬂa(m‘ﬂ
| ] ‘-EG i‘ Y
(s0d) QYY) [ (€ ) 500
Voo (DY) e 12(7%7) 5110 (0! 106)

@7 -, (YD m (% Y),  sine @ (-5 n) - (35 0, )Co'0sin0 it
| e An. TS cosesme ¢
So it n.= IE}T and 0, = “a]}f& the we ace |eft with 9 j: ! ofg
] A tera ‘{'hg‘r leok, lf‘kﬁ ?(“ _'711

Pemamicr Qe ) (w31 g = N3 (Yf"“\/;'] = hy ( ‘—{%— (91611,9 (02 @) ; hS = _17? 6T
S

7 =
L@y = —L R (Y 7 e N =51 (7 +1Y, D) + & (IR IND)



za' I‘F Oine Fl"_r-{"-’""‘i A ImeajunicanenT 0§ Ll , Tthe Poul‘a[( OUTtomme) gire Q(Q.HJJH‘- .F_Qr
Cach  Sphesical harmonic besis s1at¢ 0 20%' (i1 £2=9 frn ti”j; & (.54 0=t from Vlfjlr
o 2 4 (“c L= $oon (I )

-L-F one PE('Fme) G Meeinican e of 11, the rwu“—m: OLTLome) gr € +Jﬁ(i{ b | feom Y(‘, ‘;‘_ J"’\/'j

ve =% (f{ m | froa Yr_r ,\/1 ¢ or qu)‘

b' T"\t df'pmfé o enT Olotré'i""v
Valne <0 Q'm'| ﬁ?l nimy #0

T4 we (an expren ¥ ds a Sphecal Teapr o linear f""‘"“"‘zg“’“ o sphesical Yensors, e Con e the
‘ , (k
‘)hft - Echawm “thcorem '(lf\ Q' sz 1] h£m> _ <n'i HZTI lh£>

g-m(c we;f 0"‘"'}- wOrrn’-‘ AhouT Se{tcr:m.\ ruley wa{i r-?ﬁ,,g_ “+ne dovble-bhar baTe £ alemenT:

This (3 zers bhich m':{-{hﬁ Gind fﬂ‘ﬁi&ﬂ":fﬂ:
T £ we yealize Q,':J-I—T-,—(fwifj) ;thé ,‘Q;"%:lf : )
~thew ’)\(: Q 1Q7 . %: Q.- ; 5‘:@:;

:€$ ‘ﬁﬂl The faciTion 1 tvhen 15 The € XpecTaTIoN

< Ak mg [2E;2°m")

For @7, m =0tm anl [0~V 1=2 S A+, whick i saristied for mlzim, L34

FDr Q' W"'; i'l'i'\..-.J whicl, (aw hever [oe S;,-f[,yf;el finte \M.m’é%‘hi?; (wc‘i peel W\thrm:l)

oy

?u Q_ln TR B L whitk  aljs (a~ never he JﬁT“{;(l
)

Ov\"‘j Q|O l‘_'\'__}(é.s G hon=12er2 VAT fr{hca‘rik\;"lr'{.h mgnny TasT onl-.) E (G be hoa-?er® and
I’\L\":] 4l 2 ﬂlfla.aic 1J sﬁ“"""'"‘l
T ; . | : _ =
- M_- 6(121"?2) |4 ﬂl“’“Jb | SPV‘I{H(‘{ Tthier fd'ﬂ-. M —C?z
They, m'z O+ anl |ﬂ‘2f =2 K4 Q-}?, § whick 11 taril f}ri -F:, m'-;_m, ﬂf"f '
Tiﬂix f?wéfmpﬂ!! homent (1 hOR-ZErD:

2. H&rc we have four atoms gul tau, =lb pouitle tnconpled yTSTE -ﬁnﬂ Lill be miyel by
‘H‘#\h‘u frowian —te forn, nhplel tates. Since The Hamiltenian omra) fk’(.hv}hﬁ(‘;' 'sf’"‘J pr leav e Them alane
1"r will bhe bloct diagonal. (i€, no Spiny are createl WiThouT dngTher Ganihilated)
Thiy v clear 1» the jselaTed (e

gféﬂaﬁ'rt 2 ——Y Ei "S\}. = j (S:‘w S]y k. SIY S',\.,- +3i155z\)
= TGS + T (2S5 *2Siy Sy +1 S Sy -iGx Gy {_Swﬁy =i Sy Six)

d__._-—--—-..'/-—_..,._.-'

=T yie ¢ FLOw Al + (S-Sl by 52y

=382 S ¢ (S G+ 575
1

Movey an
Moves A
U«f‘ ‘pi'\ "F«or\-\ “rp :f”“ Fronn
+o .
J ! i _.I
MOuu I the moleenle, H ‘jjl 51 +73 ('a S1+3£3 Sq 7’ _(q § T2
=T G2 Sz t Gz lyn + (87555« 55T
1T (S22 $32 v 8475, * l'(g‘fgf €5, Sy TS+ ST
Sf-!f\ 0 ‘i{oi.-\'-__er\rl'i" 9'\‘!3 kTE i X EI’{,&.C#\TJ peToseen T (TeTEl vt Tl Tfnc Sane panabe <
ot WP Spies dre pon-zeca. FYU9, Fhe Hamittonion 14 HeomiTian ank CompleTelsy Sqmmetrical
WiTh feipect 1o T/0, it <ttt R1t444) =<0l anl Gt R1+E-) = 4= -t exe

Sﬂ ,S|n(C



F-‘mi'le, +thee matriy elementy dve Simple To Q.ngLaE[_TLevt Give Twe

(aw.'fi-‘_,\..'r Ih

, - T i A O A L S g e e AT 2 CHLON
= T (S Sve + 55250 ) +7 (S S0 “Sen Sia) + F(SIST18 TS0 573y # F (S8 45 edil)
~— B W R T H‘h\""omj Cahﬂr;;@t".?{{--di“jﬂﬂ‘*‘
Does not Flip Airey S pinks Thas, thede =it Spin L j1dowa Gk Sgin & 00 up or e ke

OV\i‘j {oaTrbell 5in “the a:'ﬂjur\-lu /—’“ja, gnk {:'[.ffe'j o b the t"ﬁf ‘
+ =,
You can shor el if fheic bre Since 5T551—+>*~ﬂm5f ==

[R'a ad«{ e be e af spind ‘-«(s\,‘ﬂnu-)h.
(avee 1> e,

e e

5+7’ S
’ - L
So ' Catt | HITHHED T =% etc -
a o Bl SR s i e 55 |
't"("'f"‘ OI/— _I 2 -1-_‘.....-
U |
i et ) i
+_"‘+ - o 4___+
LU B SN
’ - §
Tlhets all you need 12 eualuélc
(in wnity ob W2
J+J* 0 0 0 0O O 0 0 0 0 0 0 0 0 0 O t4t4
0 0o 3 0 3 0 0 0 0 0 0 o 0 0 0 0 tit-
0 J 0 J' 0 0 0 0 0 0 0 0o 0 0 © 0 ++ -t
0 0 J' 0 J 0 0 0 0 0 0 o 0 0 0 0 - T4
o J' 0 J 0 0 0 0 0 0 0 0o 0 0 0 0 meF Ak
0 0 0o 0 0 J-J° Fi 0 0 J! 0 0o 0 0o 0 0 e
0 0 0 0 0 J* -J-J° J J 0 J! 0 0 0 O 0 -t
4| 0 0o 0 0 0o 0 g =33t 0 J 6 0 0 0 0 0 -
- 0 0 0 0 0 0 J 0 T J 0 0 0 0 0 0 =+~
0 o 0 ©0 0 J 0 T J SFEg 0 0 0 O 0 =¥ -
0 0 0 0 O i} J! 0 0 J J-J+ 0 0 0 © 0 e
0 0 0 0 0 0 0 0 0 0 0 0 J 0 J' 0 -
0 0 0 0 o0 0 0 0 0 0 0 J 0 J' 0 0 et
0 0o 0 0 0 0 0 0 0 0 0 0o J* 0 J 0 et S
0 o 0 0 o0 0 0 0 0 0 0 J' 0 J 0 0 S
0 0o 0 0 © 0 0 0 0 0 0 0 © 0 6 Faedi) -eee
CO'M{F,T'Mj The C”}{'ﬂ:}é(h’\(.l T e!"jiv\uec‘rmi 0J éT:éner.'r farwaed- CG.*BB

C\ TLQ.«: ave haany ) o do This He

r€ 1300 E wmj Ldsk eT "fL\C’ ]JWTJT (nvj\) VTe ® i g‘,’LL‘

\pw‘f A9 Lowerr ++-- +—-+ - \1 \_{.-_..f ‘1
j —_jr EMWJL} Coetticient CoetticienT lcae{"‘é:"‘Ch‘!’ Coeffivie~t
\ 7 =3 -o4dT ~0\58 0,14l 0.0241
3{ }i =3.00 0184 0.289 0.0831% 0-0§13

The t+— 1a1€ Way electnny (_Zﬂ) Gnld U:‘f' fﬂ
’ : - T
refc-.s The T lpownd ing whele  +4- P.r{'(fu .

paiced. Thus, the 4-=17ate p

I-[’\ par“' A, fanrc g ecTern du\;ﬂj
C\.{"C{ (QMTF*L-‘IU-_I‘(-

Hhe boely ace all eguivalenT  and overall

Clrl){,ls bUTineng I3 ahTi - PeatiaeTiL A

rror € T2 The itab lire

nivels “Thie e getc ha electiony (|, 2) and (3Y)

ol the T {Wo,;w} sta1€  meseisq FeT (- (3 4al
f. Te pact b, beTh L4z1e) (onTrseTE &fzya“\/ and Jo

weiker Ay shoee &y The fen sT<ble SreTe,

4 i pby€rved 2 have 4 ”LTJ‘W‘f,*"'V StrueTevc



S’l‘({f jﬂ&} na Yj'fq-rr-!'gna.! thjhray h"%{u?'um j': L"’j = O _‘_.}E_ '.-'i-
deieerhe g The LO&-W«{ basis, while the rk,_;dh(_'r_ O aton

ied loosis-

COH;:IJM[W:I “the Trdm“"[.-g._
o

The Tranitiaw 374 iy watuse| T
(3 na-[uul +5 i ke in The an“{,
Thus, we 4o @ C-¢ 0‘{(0&%,73) 28, OSvimies N2 (ateTione | Brsnlar o tem

jJ:L?—I 1e = J= MJ'&%M::HJF%* MJ'::;ir j;’-l',imj'{::m
\j V‘/\jv <—"‘7 lmJl mjlk“? Jtere -OH O
1Ay« [T T
14,77 11| I': 0y FI*?*VP

*‘l‘\)"“—'\? :% E_a-'ci,, ef,;.‘fij [ e ly
oy, = T ATER I
[T 1 0'%}( -eac!n

L. Theie are move P2 ible Mgz =0 J1&T€1 (O+1f

N’O'fl-f.e thet & 'Hﬁ!)t,-j
o pbilimy 0 0?&‘!"‘3 [ lee sy

iy len likely 1o oceur s2 i the end eack p

a{"{ )gw\c raTeT! 3#\“‘ "

v Rt ‘ﬂ\c O‘H r‘th"I Cu\rutJ

We car aliz (onpider The posiibilimy L= L=
argater MOmeTb L={- The T'»Tc[ Jpn §eL4l=g . To comene fotal T=g, ether =3 P70
t@( |.|"( fh m"“’l ]N\':I :—T ar 1 ! woe (a”d C - dl{taw'ﬂaJG Tha s
» [ F R Qi
Neo~ = b ™, wj,L Ju=g, MLt TRy 1|1rél'.
e
L‘? [{'o“fg-.‘rﬂ"“f 5{" Fn g QTN

|Tomg> €T g o
[§=2 4 4,43 Fl*i, a>‘J‘“ fo’2>+rll
LE) etves [l I fody TR
IR N AR ER 2 ©
iy e 3 100 H -7 ®

TL’\EK (’Kpmu.ow Arc JTJ” (n O Sr}h"[dhﬂ({ by (4(11\0“‘,(‘/ d(t’:«,l(d 'P""‘" ({T‘,T,').\‘f Gks Mﬂ“_}.

@hg ot 3",'4{1 B peelel
‘S,W‘g‘) > \mlrrw‘n\?

\3, 3 = lhs ®

=3 3,4y T FheEy tJ5 10ty ©

FLL s ey FHe 0
13707 ®

- 5 49=15 L [$oty @

1 \%f-%v-fmo--i‘}-ﬁ’lm@@

@[@,@@ are each e.fwiih) f{{zlk) (q

5 . .
The maz0 fum s 4(5e30 LS

’r@ Wfﬂ‘;) @*@ @U @*@ Since Total =[00%



So een {Jfﬂjfﬂ-':f‘) P’aTZr'f"JMf amﬁt‘{é‘r morgnTim, po rnﬁ'c,ml.! S ok O is jeen

5
- il & : _ —
o (my= 1) + olm=1) i, dao»vék (case E)) when the fotetione | Gog.lne momne.Tum
lﬂd:l} 78 _' (‘Ffu-r Fern it @)
G V(G =L B agl 1T Mot fo td 'z =g 454" (few=1)
QMJ tronn (g{r‘ru.—i:,ﬁrfm. Tkga“)-
Eh(aj - (y\ +‘[€){T”\,;ﬁlij

E =<4 R

S N LS LM A0
i En-En

Tu the Fint order, Ohi') afi'ajg":{ Clewment; oF H'(oh-{-,{l_,..rq Lut fhe d"lﬁjusﬂll eleaety
of 3% ne all 2ere Slace an odd  pamber of "“‘”"‘5”"“‘"? o peratons Wit change the

[ ber ot qb‘an&. 0,-,._{-) Pt Fm-.,-c-. of f‘ (Gin ConTribett L7 orde,

% < hhﬁq[h\) :E<hl (g‘{—-*ay-{‘”? / @(Ja Fatie MLT be aw C?w‘l' nunbtr o4 A Gnd at
= -E'Chl aTataa +aaa™4T + aTeanaT +aeTa™e + qaTaaT tala ala {m‘>
Al Yemenbes ala =N anlk aat= (\+4)
= % < N a +all+m)am & plAN) +( I+ + (l+n)
- % (h("‘"] + (h+ 1) $1) +in (14n) + (R 1 (kP +0t)
=% (o +on+3)

We ast T To lsok like Xth+%}l‘\"j "IE;
Xh? t¥n+ 49 = L (6a +6n¢3)
kS

e E— = _E_--_Z_ - 3
>|t<ri l[gzmd ! T “ g‘l ?B
E," = gplas) +%ﬂ

tyNtinY

(b Tbn i‘-i]

T the Second order;, n#m ank i i”‘crm Cab (oaTribeTe *
—x <Kl 77y = P m | aTatal tadat dtantadtatanat +aatat +alas
R )+ (EnlaT £ RAT

T4 atata |»‘1\)
= T_‘l‘_<m\0TaTaT+am+ Na tan +a(l

4
== :0:;? ((hﬂ)[hﬂ)(hﬂ) Snegm +na=lllatl gy +n=Th" 8o

AT S T (L) TR daeiyme + (lfhymﬁw,.\. -!-U“tv')méh\-'.,w-

= )
+ NI el )
O"‘IL) M=nt3, m=h3, k=t -l will (onTabeTC

e ‘z\f[ﬁit‘_w‘i‘—‘ U\ S T | MR Ll (th)‘(hﬂi+cl*n1‘(h+i1+h‘(h*q
3 3 1 =

- I[E}_/ff.ﬁ"‘_}“‘f_b H‘ﬁ]—"‘—%ﬁ”ﬁJr UWHtn 2 "l “S]

o
¥
=B —n <T) and o prefeed s Xy = A
03

? X= -E'I“l 8 I 5
E, » BB 4640 = (5P -5 ) 4 (nrt) £ S (o) (]!



