—

M4 =Rl 2%
M2 - ;‘-:\a_né ¥

o2y

\QUANT UM  MECHANICS

HYOROGEN ATom

ii’/\.b—‘l—'l = 1
ot H s H- = (ler‘Pyz:.Pzz) tV

]

\’\‘/,Z__.
- k -y |
P=F V|

P = % 'aa?; >y =023 . > /
Y - k2
\‘f 4jﬁit = 2_:‘ Vl'lf t VY
lN? V’z- éi 4 3—%_ ¢ 53—31 i ‘f‘*ca‘ g‘."“ Y fxf‘jlz) Yorr cén
. a* 3 %'{]d ’I'l()((:j'z)’ /l’L{(Xl iZ)lcl r ~/
?aftlciL

[eql¥ o the Pro babilify of

M Time dependent (porm of tha o{atcmard otakes: Y, (r‘,t)- Yy 2y aty,
_LCQ{/

v Sup()j?po'_}ltlo’\. Fq(r’{) = zcn’qn(r)ﬂ whaere.
(,incliuz the partictle n L otate -
‘ ) \ it staéran slate
V S kroAir\a,cf' Equation in yDhascal cooacliraies ' p ¢o T, :(_;
= — ) J
-"b@( b'll ‘ > '] ) Y ]
S) 4 =
rz or r:Z-S_) 508 »0 " 55 a‘ﬂ)frlsh‘e(ml)) s SRR
Hee, U=U(rn0.0) = R(c) Y(0,0) 7 pwgit inv.
= (nesz)'
d
%
KUY A ofedR), R a (g odY b”*] VRY = ERY.
B ) A w(s'"&a‘*) Nl
L" &Ul&& "{D Yﬂ W?d" U)/ _;.\"z., I
., 42 &_3__ 4 D
2‘.@'(; (V(r)—E)—i-—-\"“L;n& a@(sn fa 53 sin*gr 22 b

._/‘ SO e . W oot
1)

it L ( adR
R de (riﬁF
M~ T —
0(e+) — Conning feom seiies sdn . & — € (€11
(aa:um. 9\'—‘-§-3L ft)

L“WAMW% UU‘%Nv('\J w/ sal@




e

:.if)e 2/ QY 5 :
Yo (5'09 -ég) + —%—gﬁ - “6(?”) szey, - a"‘f»‘/-a‘y part \
Y ou Mo \d,a(m 01- Uafdbb3 \{(9 (D) '@4(8 _ﬁ(m) \‘P‘&‘f' ¢
A

Juide 4, o
WE 4 d _
& as (S"‘e'g) ele)sae 4 L 429 _ g
\ L Q@ Jo
VI T R
Y dp - M o % 4m7@;O s b s door w"ﬂ we JWJ-M?.
cm@
b @(gm,) () soutd be g
(m(P+2a .
\m=0,tt, 2, .| &= ¢ . P s e‘"m:'(
ﬂ?égu»e.{:c Qusrtum Mumbe ¢ srtiead .
® sinB6 d

(S.n(j ) [e((-d)SmlS M]l—@l o .

cos&‘
T\A_AJ L\&;W OOLU.‘X)Q @ ((D) A P (Q‘) — Assauated c:)-t P lei(e T
[/J the sobution ehrecte Grad . book - Jackoony )
Lo Pe () - (4—>@)1 (£ R o)

dx MmN ~-Mm
- Oodice PQ s PQ

e feperde Blyrouial
here , - ¢ X=Cos& ¢ (
R(x)- A (d
e 2te! (Zf )% SR —eentan
/\,P D1,- X — lirear

Pﬂ.: .24_\ (3)(24) —fﬁuadr,:_‘(l((

AN o
ail OLQ/ﬂndf Pawdjb ¢
Mutually or{(fo(fmdL é J-1,1]-
>, <t is now obui

= o that B"@)-0.
Po- { 'P4 =SB Pz = 3smB oy
PO: c0s8 %*: 2 sntg

R A
NS el 2
2R — < R




e
~—3

‘( d%r- (?5in0drdedg

J’l1'("'9'¢”1r25m9drd8d¢ = 4 (s bnown Ux Dq;afattlm Oguwiabtu,

ﬂR(f)|1r7dr JIY (@006 d84é -
Vv —
4 4

Then, /k/’lp‘(”lzr?dr: _4_/ /ff w(ga.)[ sm&d&d4 4
° = —————

—

/

(€+l)(€-lml) ' md
(Tl ¢ e

(UUS —f'[,mtbon 15 Such  that 0 Ymare of{zﬂ/o‘d( o caclatllyr,

jf(" “(6.9)) (‘I (s, 9))sin0dodd =y G

m
4 SPchaﬂ harmondcs - \/2 (6,d) - (-f)
2

¥ ¢ = azinmthal r/ua«\{am number
m = magf\&tif quaritum Nnumber — eﬁ/@cf of ct conbefeas 0 & Madf'-uf'c (/fe('/
M

r Ty O™ (V)

0 ~ P((x) ?e-(x)dx = 2041 ee' (l-UkM w clwade y- cc:ué‘)

HW | 4.1,

{f Twe cadiel equatio~

d ,,aig) _ 2me (y(e)-E)R(D) = LR
dr dr 2

o let uln)= r&lr) e A= YW/r |
Muth Pty withe 7, (awre

_T\/‘Q/\r C_‘E_\: i_ CJu -— i—u; —l—— i CJU\ - )
dr = dr rz \ ‘ar
)

NEITINPE AR IR
. :l?(f J’(’* = 7 rcf— fU/) s H'G‘,z ’.C“' c‘ft

a7
—_) il S _ (

= (V(r) t:) (€4) 2

:] 5 Cw;guaﬂ {erm
—Hht h W : _
2 s [ 5 T T T i ptetind




S

S e . .

5]
g/ \of|U(r‘)]Ldr =14 — due (o Ceth}puy% terms , Nomalinaton C“aﬁkh

e X 'r\%q'm‘te Spleriesd weld — V(r)-0 , ~ca
VIr) —s 00, r>a

T Owtside e welf , wave ﬂ«,«nobo« (s Zeto
- clé,{ut\( K r2m€ y

CTwe., the radiad €Quation becory )

T
Jzu e(e. 9] t
gz [ Al Siuplicity . €0 = m=0

\3 (aow\dard cod ! V\{a) 0

i
o s () ) e

(3 N\ |

o B e Y (2

- AS{(\(KF)-{* Bcos('ér)

RL0) - A (L 3 Cos(erd
. -

)
wy/’_‘\/(\-/ blows when r—=0 . Tlea, GIO.

Solution * w(r)

Q(r ‘L@r) N
)= A ) V\(B)'-:O = 0= é S'l'f‘n(ka)
Ya- aT =g, . 01
L 2mar

¢

£-0
= Norwmalize . f]u(r)(}r =4
o

2 ?R(f 12 sin(ir
é}A anq(Kr)Ar:'-{ = A- mﬂ S a =

Yo+ B0 ()% | sty e

\3‘-\"0‘0 tha {.\MQAQPQ, AL

— wher €20, LL(r):AI‘JC(V\F) +Brﬂc(Kr‘)

N AN

~—)

Spharicak SPlerical

Bexe (!U\c{w\ Neuman g’“‘(“w
of oder ¢ ot orae L

" ¢
Je(x) = (*X)L (K_,déx) Zgl;—x ) n'_(/f)-_ -(‘K)e(%i‘)( S

blowd 3¢ the oripin’
B0 should & cloye~.



,\JLU‘) '
Since. 2€ € surface, Y shodd vanish,

2" s basically ona of ¢he zeros.

/

Ajt(iLf‘) , R(3)- AJC(Ka):O .
i rcpregataf;im ol tue zeros of -t Besset r}u\di%‘
S T ——
{
’

— _’U(\/\l'noe,-oazj ; Ka - Pnl.

— 2 2 -
TMr b,]e = zm_gz iBnL oand —\{(\QM (r/B/O) = AﬂQ J( (ﬁu_f' /‘?) Y: (8/
aw| 4.9 . Vo) - g" fea
0, r>a
Hyde A tom
et
- (nstead of V(F) .
4}

AU you reed to do 15 wite e

=gt 2R 4 f:@f (. At (eeY)
?’Y\ dr? (éo v 2m rs ]u = Bl
o SR ‘
docreases 4o cPlecx of  Cowtonb wlertied
i .
—» In bound staees., E<co = dﬂﬂ"ne_ W = \j—_sz
il—dﬂ:[4, me® (o, e
vr o Jdet ane R L Er (Kr)lj wi ™
— — T
Lot f—Kf‘; So = I’VN’-_Z Then, (¥) becore>
2Nt K
A _ [4_£ . e(un]LL
dfz' f le 7 |
‘ « Nok 'pl,sdjicai. blowins .
‘ o = W = ulp)e Al g
(/)'; df?— n N
ot PM){C&C : “}QO\U“S)
. PO dzu o (D) . el o -f
J = dJ)'L fr w =2 U‘Qf))z C_J’ = p(f
=P el
U (f) = € f ) V(f) — {){M’;’J‘, b inb the g
imﬂ;jj‘wae fqd,io-'\_ﬁ



—_— CJL ((4‘)(}) V(j’) ~J’€ f V(j))“’f) ’th/ dV ‘\

4 J
_ J)&’.Q-f [(f-{{—f}\/-}J%ﬁ)]

# 85 3. exercise , Show Ehay
J’)

- g [( 20-24p4 ‘(;”)v Fa(taip) Y *Y‘m’j P

2
if} T l(‘J

| &

—s pd VvV % e dv '
J’df,L 2 (¢ tJ);TJT s (B 2(en))v &

ﬁAggzsf a soukioo V(p) = ;-%_ JJJ

§=°
dv = J
a2 oo |
— ey
oo . k )
= 2()+|)C31|\57j T (n .

o A dtv
- 2(\;“)&3‘1‘5’ = Ere jagd(yr)c +,J>

— ZJ(J*') CJuf t2(en) 5_

e (0 ejug 23 8+ (- Qw)“ f =0

=9

k._-\

equaf,e bie - pouess
\\)(J“) C‘]H +2(Q*‘)(j+‘) el - QJCJ 4 (‘j’o'ﬁ(ﬂi‘)}cj -

Cj+{ = [2(3*6”)70 ¢ s
(e[ Y 7

yV\/LuAJ)){’ Cieg ¥ “, CcY o 2Qy

3Gy YT g
wikh. o ssumption, ve find ¢, G o 24 2 o,
b , 1 2 - 2 T
Cy- 22 2.2 .26 J / )
= Ll g =
3 &2 1 a3 G g = V)= T e
kj:o 4
2
e‘fq,




— ¢l p 2 WA )
17V Z3 u(f): _j" €I€f(:3 ‘(j’e e’ ¢ —> blows out wkh(/-sm_

(4> 1s ot @ nxe L3 {o slow Har , ¢ beliere )

—7 Conditions

2 C‘im;x*’ - O -
. . ’-) [ ) i
¢ 2 (gmar +€31) 2220 ( Jo=Zn- 1€ Yo |2t
o~ J 2TE WK TN K
N : pancipal quastuan b e
-t\le_ 'mel'

______ P R’Lfo‘

..’/E‘* m(_e_l)l_t _
Bhe S 242 \ (s, _{ pe | tevyy o Jussticed

Dormds for tlhe bowa states of H
(1913) . Schrddinger RS fftan
(192¢ )
, / 1

> S Br o K- e IR P S wiwe a  Bohr (adiws
— n an p—

(f-nfo tx d = (17_1_5_”_!& ~ 059

J——y et

'&Ms‘j'- L. quarlize —_—

4 anJ'

\(Sm{ig% Ve $Uncﬁaﬂ {’or tlhe Hddrcy;u atorm  fabeod ég thee qua«(ur«'ﬂ
pumbers ﬁ),@,n;).

’qném (rié;) - RM, (r) yém (9,¢)

o
wle)e rRE) = aelrye W= L p el vip)

—¥ n={ Jolutiow (ym Aale |

Ef: - (2.6 eV

wWdraigle ¢

-2

fa

£ LB &L Bl &




— * )

Jﬂ‘.lr ,)

{ . | ‘—“.(J"'"ol .q) .
J /"‘__ (‘J

C) Gragaa)

¥ N:=0 e ~ ) )
>l {0" (‘Jmanlio, J-o
C&-p?l(’ = C_‘ -0 — the order i3 tare
= V(f) 15 Conslay /
-8 :\r'l (f)r -4_ C('( 95; V(/) .
r o //‘[\o'ﬁﬂwu Ad é?q,;/.d
bp 4,4, -tla ™
e R L Vi
-2r,
< lﬂto(f)lirqbc"‘f' - _i_ = ‘C_OE / e /8 r?d.r:i
) T
« J
F"l
> [e: =, |
o
i
T, Y, . 2 ;7 (L)"l ; ~rls
» ¥ Gu = [
Va2
N £ _m

{ —w 0 — 0

g ey 1 —-l,0/

1*'(5(41 J%Waé(’,

O —= O

3 s 2 — -2,-1,0, L,

Q),q — 0,1 ’ 9-#14 defwaée'

O — o
U f\-‘:ﬂn e=0
Coyp. 202E41-0) C: 20") | \
Sy ~ G 2 G T Gy i 0 D e
(j+‘)()‘ﬂ+2) hd (imeril)(ﬁﬁ-tl) mix -0 = ‘L\ax-i

>d \C4'—’Cov

(y o)



; ’“/\b\; V(j))-; Cot,p;(J): Co(’{‘\f’) = Co(/"j{‘a)

9\20 = 1 Q—f Qo(’ i { r —/2a .
X »)- e w(i-5)
l
d
JL‘MJ J!rw Narmaliatio~D ~

exX n=2, Q:f

CJ*.‘ =

;\Wl ).‘.1f (Jo Ot leosE onn nofma»(iza{iw)

Y ﬂ:ngx + €+;{.
+

ol",‘“'ln"i
For each 0, tlere Je (20+1) m vatues.

n-1 2 | : = _ = = 2 {,0
/cl(n) = = (24)=n & = ‘ U 2
/h"i' - B ezq I - t;+54f=7=3
degereracy o N
(’J\ﬂjtd tn
Y v/ - A 2 . nNot normalized
° g))’ Z"n-e-l 'f ’
; d P
Associate Z_P - (-0 (ji—) Lg &)
L aguerre : 9-P - ied als
C pouint Laguerre. patynon
P
X i 7 -xX q
Laguerce Ly (0= (&) €™")
proumi L5
Pt Ls Jo-1
L__) L:: i { L,{: "X‘f"f
S 1
L:: _gd e) Lz:)‘ -4x+2
2 2
RIS,

¥ Look A€ the corves Ao lndoséa  better,

B D d‘max -0 — V(J’):Ca ) ‘ﬁ‘m«l(}‘,ou Nomelicatl o,




o ——

‘ z'qem ﬂ'(a)g (n-¢- l)‘ "’7'\3 ) [)"’

(na A
,\i(l‘Hl)j n(’l _/ O

“0)
.{cr nowmalization

——

rAadiag

1Y

aty drs;f)edadgb Jn‘n' ‘{ig' Jm‘

QPuattum duMp} k

Cy- €y - “Bbey (L

n <
Pea‘(k‘) {’OfMupa ; ?a_: h)) 5 )\ - _}%_ (,n uQCtAMfM}
The, ' 4 fud c-’bcfg cond a1t

| == = A ) Where
// A“ nfl

M $ ulbcaviele t

| (Q‘F: 4) n- 3\

Bolws serips : visible n=2

o (n‘f:l) ,
J N=4

Pasiﬁfi”ﬂ“ d "’\oﬂrared \

(HF:B)
An%&;r Momertum.
?—L__; - O x \__)__1 N
) z :) : J.w LXTUPZ_sZF&j | PX:_ (,“78,(
t: X Zj A —_— LU: ZP}— XPZ_ UMJ ?a (kb
P p — %y
X ?\j 2 \’ L-z = X?ﬁ _-dPX

, Pz s (,‘
/ Mre»a"%

2ero bere Snce PO g. ope/Afor

ey, 10/'

{\J

“x —x .
W Lrl (s mot

» YL)ULJ]: [3P2~?PU,ZPK‘)‘Pz]
:[UPZIZDX}-[a?Z/xPI) = [ZP\SJZPK]*[ZB,KPL?]
0 )



(Pa(a& [‘iv[’\‘}]:“ [Pj; el - (‘kd,ﬁj

A\

Lecide Lm0 >
™y [LX/L\le {bPZ/L?)k]'*(ZPj/*Pz]
= (S?ZIZPX "'r’ZanPz) + ('ZP:P‘P: -— XPzZPa)

= (\JPX P,2 —a?sz-L) + (Psszz—xPJPlz)

= :jPX [ézr\’\271 XPj [7—:'\)7-.] = 1t(xpd-—(‘jpx) = C\f\, L'l
" ik

° [Lx/ Lj]: thil,
[by, L,]- ckix
[Le,txT= ¢k by

- T_l/u/\,ﬁwu Wil hat a buck of €luips "

Sy
L xce

oy Lo | = T(RL) J (~chby) + L (ikte)

Ly Ly Lz A
SR = (h [in'*(,vjuzt_-fc ri:fl
( uﬂwfafh'{j

(7] { ¢ 3 =
Priaciple ¢ V;?G‘BZ > (Z < [A,g]))

In WAQ

— TG (& <cuz>) TN ,;,/ Toq. s klz

¥ Decivation of  uncortainty |_principle

V: = (A AN Y| (A-LAS) YD
ﬂ;l:(g!g) whee 3’»(@“‘-@))”—

b
v <dlg>- f.{"(x)y(’k)dx
a

R I e i




Schwar tz

) — 7 —
(requatity | Qf F&")ﬂ(’“"l < J:/b bt [ 19 ax
' a

S We e LPIgd": Cqip>

ey qu U_gz - ¢ #’p>< 8’8) ‘ LJ‘.(Q Sawatz

Tt 78" > & >3
\f[@gmhauc @"UCO“P&! navnker Z -
1205 @ 32374 (o)t s (m3ed)? =(

2

"
Z-2
e

g sy 2-L{1g>,
\! Ta® P (2% [(ng)-(ﬂlf)))z

R 7 TF ISCRTTINT NEAN

= CY) (A-CAY VB CBYUS (éau.wwa Hermaidian )

A’\ /‘IA

- <'q,i (AB- <R>@+<A\><§>)1I—>

= CAB>- CASCEY- <AXB>+<A><é>
= <AB> <A><B>

<3|L> . CBA > - <B3<AS

R
>,
N

> (plg> —<gl8> = CAB> - <B A‘> < Rg-

T 1 D A L
Wenxe, |Ta Tg 2 (—'—()i/\\B:())
Pelect .

&f Lz: Lx?"f Ldzi L .
[ ix] - [t ] s (Lt ] YLz,L,J

v/
[0

\



ot - [AL,B]- A[A.B1¢ [A,8]A
oo [0 0D Ly Ty T o Ty Ly « L [le, T <[, LeTL,
= —{h L:j'-z -\{f\.LzLJ + fh L1L3+ CﬁLv Lz = 0.

Y L™ Commmptes wibhn Ly, Ly e Lz .

Ok )LL L*] [L tyl- [Lftﬂ [L ]- o—]

\P L,F >\.€ > wWhat o Eloe eJMWQ
T
L ,P /U,{: — L )] C(nosbl siace (€ 1S relaed to -351."\ SWSdlﬁg’ aqr—-

De,e—w_ daﬁgcr‘ op&ratys - jL—+= L;‘ +(Lj

L_ - Lx-cly
S R N TP I L:,]/
/ S Chly t i (okly) o Uetels th(Lely)
(Y
- = ('k,Ly_ka f »

R N B

— [L’l, L+1=-0 .anal, Lt in{L‘ﬁ .
= L (Led) -Li(w) = Le (AP) = )\ Ly

T cm marks f»

— L, (Lef) - (LZLi—LiLQC* Lataf
_ikLt‘c + L (nf)
Lp = (eM (L




™ Go 4y (le Lop  Stale

\ L+‘Q+_ =0 —— Catraing equation

|

- be |

AN

Maxipum valug_
[ 2 !
L_’pt: /\ﬁt (%)

{ Lile = (s a)(innay

= Lt re (Lxty- Lab) 41,2 150
kL,

. 2
=) L:LiLI_ +L12T-‘t\Ll

inYet fo (+ )

Choose o : Lz‘-L_L+ tl thl,

the,, l}h'—(L‘LﬁL*LJ*b\Lz)\ot I ’\pt
= O +h,2€7t+1«.1e.{{; = )\ﬁt

‘k_ze(ﬁ'fl)et:).‘lt ':317\:—_ k:"((-é.(l)
Trare. s et {2 ey g, 5

__.:Cm 10 Elhe (‘.tOthM Aate

'L_ Qb—'- O. E-Cor Qmk eqn.
LZ'Pb = kng |
) Lygb: keb - e 2 Hein),
Choose ko other: L= Lel_+ L -ht,
oo 0= (LyL 4L 2-RL) Py = 2 by
= OB - W, = WE(E) p, -al,

- |

=R = o gt [ 24, -0y, |




E—

cquete those Ms oo W) < j{‘f(i—t)

— d —
t=-1L s bt whet e tha steps”?
—y ~-t---- - £ integer steps N= - (4N 'E i} x.qu
fo &t.'%ﬂ !
__ we didN'e seo UMS n f‘:’;‘;r
< { ;
TW,,’Q—- O/’ir{(%,../ a/\cl /m: _e _(_4( e, e‘{,C{

ey

tlus hal{ /n Lc&ur e related (o Pin dfeds” Mot gt

vl 443 & 4AF

U Ve know  CHE b 000 8 oy L g% "
L= L, + ¢h ’/Li{'e ‘Ae °DQMH [ A= ?

E— < + - N
flL1g9>- <PILeg> 2L Lyg> —
> iz
HW) Show Yot Ly ad Ly oe Hermibionv - (wse Axpd

— <plL9>- CLeflg>+cllyllg>

= <(Lx;Ld)¥‘3>
-l flg> = | = Ls |

T <LinM|Li¥Qm>= <‘)€Ml Lil_‘_*' qt'Qm>
/ 2
| = M- L s Rt M

| = Wl - k2w s
9
P AN = WD) - w Fet

f"'“'" R
\ A= Kk FE&H) m(mu)

(L Lx - (L, +(L33LLR— *Lu) L"2+(L¥L:j+(iu‘Lx +L3 1 L - (%

N

)‘ = L —Ll LL-)_ //

—




= Xy I - A N SN N ]
3 whee v [ar [ - 698 rsie 5 (D
- ~y
{hen I S L2 5, 1L y 2
“= 3 rr‘[ar“raeg‘rwa—b-@@]

We linows that 8 Cos@easd {4 cosOsng | - smet ¢’

(nserf
: -Slnéb L + QOS‘DJ

Ly~ k ( qu) D _ (osdeote X )
Ld—/ t\ (C05¢-—- ~ Sing Cot® %q))
s B 3

Cew o

HW | 4 2005 .

Mot m’uw(:,g_ L L L-L

; 1 2 %
L - ‘h L'"e % (Sme ;vi:?e a¢21/

— ¥ \im(&’ ) e the QMNA‘MS 0?’ L ad L4 (n& the ha{( (atok

—* Hy- et g,
¥ - 42 e(e+i) g =R y™
L. %= hm' ¥
o 52 (73 - L]Lr V= €% Scwetdiger
Equsti'on
N SPV‘Q/\cdjy

Goar daftr J



—

\f QLexd= [xry-gex , x]

- [XPJ’)(]_ [UPx/XJ

U ey gty

7 [ . S o x/g .
(Lo, x] = thy

[Lz, U]‘ 'ih‘x

[L'I.Iz] ;E) ’

—

“i [L‘l/ P)‘] - [va “YPyx , PK]

S X[?:f ‘r\Px] + (%, Px] Py - 3\[?5,\%] = [‘j,iix] Px

o o) o

{L‘L| PX] = ‘(‘;\?j
[L?. ?d] = i#\.PK
[Llr Pz :l O

4

VL, - [L-u 2]+ [Legts [Lar?]

x [lo,xd 4 [l ) xt gl yl [Laylye s 2D-zle+ E‘—Z"‘]Z

iﬁ-x& + chax -thyx - dmxéj =0 .

¥ [t P 0= (Lo, pi]e [ty pgde Ly, p2 ] i
= Pxlly Pxl+ ‘[Lz,PxKPn ng Lepyle [Laupidey + 2, [LZP] (Laipek:
= <k p/pd.+ sz}:&px- (ﬁ\?dPx -cgp(% -0

¥ Notie thot [Lx,r ] - [La e fo,PJ [La -0

o hencn e

Thea )[L, (]o
L‘—:I 91] = Q

1

11




? . Y

¥ o~
o H - _P“ A V — Condide [/"avaG(lC oxi U stor Ve x4 2 2
2an ) e
TLUA( [HIL?]ZO
[H,LZ]:O

f I dhere 15 4 Doletiadl «j— L>- <Nv>

TS coues 4 By, . el
< = —(—~ 1 DY — >
Jom = €@>: L LTEQI>CSED

—

P :
—> e Sxd>= —:: LU, LX)

L] {“,Lx]; Qj“_ {-P14 L)(]+ [_V,ij

| - V. gpamepy]
L0
Jlupede v, g, - 2{ vpg- )/42 1
= yoh TV TRE-A'A -
J v rAe o
\ [H'L’]: th (vay) c—id ‘doudo Tl 3 o y 22
= g will der qwat
S <o e T /
> <1> T
o = = xV\/>
— \ %
N, ﬂﬂe Nkl that whea V=V (r),
torque P o> & funclion 1.
Aben nguﬁar woverkinia 1§
l, \ N
HW' [123 , Pead "Wk is PN, Adasic aa \.)MP&LO‘— W,;‘.S‘(.), Vs Gl 35 6y 112
Hars ©



AW)E38 8439 mportant!

- ¥ | N
-Txp G0 gt ’75—’7'2, -

- I W N/
Spin
\YDOA”WM (=4 e <L2>: htele«t) = 6#1,2 =2 \Z&)‘Tm(; < Qv'le
Mm=-7,- 40,1, 2 < L2
<Lz/" 'th SS;AC{’ Ly,(..;,tz
. (assume o ) do not A
O Couparl
D 3d (ks not f‘oss‘w’i‘
\F Lx;Ld:O
| [5x,541= <&Se
—>
[Sj ‘Z] - (,t'\_S"«’ > Came et EU .L y
[Jz,SX = (h Su
WS (5m> 1«5(5”) [ s> f{
|5m>: T ‘Sﬂ’\>
S+\Sm> h la(s“\, - ,ﬂ.\(mm |sm 4 >

w hor ’S+=5Xﬁ“;—1

e e e

\ggo/\ ‘f,,g,'z/_
’/ efld(o"'j -.l

P i puser B Plrotm 3rav.f£o~;'

—> Ve witl Ge uorligp with tho eloctron i85 Y%

>
1, ot ! in
II _5.-> 5? Sown J/

Pl

E‘ . Spinup T

o

(spinor)

i spin j aruc@a column Mafrix )( - (;'_3), QX . b}Z_

Wwhese X-+ _ ( () L Spin up

Y.

o
o ) SO oW
{ 0



—
52%+—-137 SQ: € d
e )
ol s
S LN
¢ d\
( 2
(e P)(C’):%t\(o‘) G («5)'5&?(/9’
¢ d \'\ f". Q 2 o o
Cee 220000 5 () 20(3)
e C‘f‘*‘2=ﬂ d=c-01 4 82*—%#31?

S+ -1L-~: e : ' . ,___,-‘_‘_,H",
RidTeds X, - t\kf?s L [0 1);
S+W7L+:O 5 +_=JF\(OO/
SR B2 @Yoy 2 ‘\“;w (5
. <o SR
________ )
o 1\ |
T TSk %(5“3'):%(1 o)




Y S/SJ 51,3“’*;@ . termlians,

0 ~_

Ob)&' Udb‘L

‘\{o Sin: i_; y“j:

\WVN]

- Cipervalie)

\g And Y con be- expressed as

5+c.QS &e Not .

- /‘ot -:‘J ol

. 3¥:+Lﬂ/}_

ther, Spinds th . 5
pin S witlh Probg@@(d al,

2

-—

2

\F-Sx,_ﬁ 0
: g La o

kf’k (‘;Hb)({:f))r aé—b

AN

*

) — what 5o  the JPinorJ?

4"',

i (wb\em_ 4 b2 4
. wit’-«/\ p(obé(?le:(-b) L . 3

VAN |
iz ) =a(l)eef?
A~ A o
Y 1,k




\,‘"’-

CX SPiA A ‘ F lee )
Pin 4w X L (5 )0 Wi st pocet e

(6

(TTTVEN WA;wi?f SX LQ S‘l ?

—(O(- SZ.' _ﬁ‘(l\“ = {: - - —
ré‘ Q) \ﬁ: / = v als - '—Z_" ~ ¢;
. 3td | Yoy af U
Sx. ———-(,*'.f _’_4_( / /C- N ) ( "
w4z 2 A) Az oy ) D P S TEUE
Cxpfc(co{‘/ozu wlue &e.5. 7j S, ¥
| . A (4-( 2 [ ™2 AN
(6 \o M/
Lk i
=g 2\t -2 g
1t n ‘ Pfj—t \
.;(_'4};\__\,
-l b !
. . s
prfc{a{l()’\ value . <Sx>: K_ quy'
or use e pro‘aé}(’{(i(’?
4 5 K. R
N A \3 |
Bl

CSP\(\ wty' prowertneny

e L A

;2 // vV iy > v B, :3-_: s - :.-’ -- e



Assume  electon 1o (n a L,uu'y.;,mn Wi'k P'P.Qd: fif. BO'E .

/ Then = - KSZVBD = -—-*660_13_( ( 0 ) N 61.32/\5&8&‘5 of fle
e \ 2 \o - Hamiltor an ore u'ffanstaéfﬁ.
— ~ S'L
B-po't ) S ¢
/e . - (! ]‘
0: r\ oawsta(es \)C+ B (o) ) , ejguua/l,a_s e the eresy «
B- &5 | X.- (?)
o 0 . e t |
HY = xsog(o,()(o) /\j‘iz:ﬁ ﬂ)@- =g /
U a ooy AR e ey
\—\X_ = XBO‘Z ( o -1 )(4) —:\\‘}EO :?_)X" = \ E_ . BBO z f!
— Tive &()o«bztl:l‘o;u ‘
k X - HX ~E5 Yk Ay
o = X(- aXye +p X
(5 (9"
auF(t?fBo /))) )ﬁ |
-} IU:); (b @(P( (EBO*—/)) X(O) fg_ y
e ot normatized !

V' Checte Sclﬂrscli.\ger - g “E/;JEA(:V:? pictures !

J— |

X".(O)X = (3 b)(;):'al‘f\oz=i —  No/malratiou J’OQA;)

botw for A(0d &nd
X6, olboui onn Lt

4 Co%p(ﬁt&@y . S ,
s to vcereonty. | 3o (£) ) oesin(F) J
9 f(/ocg(,u £ belps us |
{o undestad .

/—nﬂo

aau eaon Clem e, égb f;.f‘{ Ly

{/

X:/ . cos (5) exp(1¥Bot/2)
' sin(i})exp(’i?fsot/:z)

e /



ﬁ

T <S> = XSk XD

" I+SXX —_ 'CPM will }inc-t & Auslser,

i . y ‘ . Gj“(:)'ﬁ'\ N
(""”(g) expl ¥Bott ) Sm(g)w(c‘wow)f (f 1> "

o . .
S0 (& el
S oxn(-)
= % (CQSC’P(,) SWE)(()(-{)) <S‘n CxP( )

os - exp(t)

ﬁ .
= — (COS %Sif‘% QXP(#(‘B’BD{Z) + 5‘"°—‘~co>% e"P({BBOt)

@t Sind COS(D'BO{;L! — @ ot mécécaee o o ;O«*) 1 )

orf W= f%o LO0—2 T \_/ L
— \ Lerme oﬁreqwo% Wé; L
— \4 Sy> = ',it@ Sin o SIO b’%o't) —do et .

e

L \ \ ;o
S Psz): —E‘ tosx ) s ot Lime wm’ [ ¢° 2% {W\g"W)
- Motie thet ol=0 s potreal !
L tine evolution & Joite,f
\\F The  Stern- Gertach £ xpe nent
0 o~~~ AN

-5 “
N //"—‘ BC X¢ :j ,'L)
_——— —-—-_L__& L J—f"’ 7T, [
reutral v J l -‘i\ % Speitt &

®» ) arentz (fdt‘?- 1y ok pomsible e the Pvrticdes sre. naakral |
S, what I happ&uf\%

% W=- -8 \F %(N@,) ——

-

2. : ™ -,5\>m MP
A i l Mayet 7
/

—

g [ ewagaet i due
X l%:_ux:+@dﬁatJ




I —

nobe We brow thay - E:O . Twis Sesd is Jfa«da_d m that wa%.

{hat
f3 (Bs +dL)\¢ doe> not wele .
Yo can clhoose = *cASJ +(Bo+¢(z)l¢ 'Unoua‘—\/
- N _*_ éu.t—qf\t‘u—
F-7(p.8)- v3r3. [mugowwf | Jeguee 1€
not {ogal.
= V,_(f” Sy X+ 8BySz + o(b"%z) = ;ra;;/\f

= —aBSx T =
{ f AFOx T + K YS, kJ —» Constant B des Mot work

—> the covtane fredd s mﬁa i @ dicectios — Onty L contributes
to the .SP&'&H Stnce. i~ othe~ dicection, C;X>/<S‘j>f {527 wauld!
be b depedert ino ek splitiap

/?—’;;; } (0( ; oL the matier s w\ad/\t_-(lc-,ﬂldi efe. )

— Basically, e beam plits in 2s+d staks.
Q’of eAectroo ¢ 2
~ photer — No V‘:\?/w tic. movert,
7 # no nfass ; whatdo Yot expect 7
Voweve, £ 1has = poleyi 2tio

4
‘ differat expetvent 3stoees
| t4)-1 > Q4K

——+ Classicatly {'5_-0« ¥, & wmeans nokdplttig bub chplcti-p. opltens
coves  from OM : Szé 7,;:2
— H#) in the maget - -85 = - ¥(Borw)Se oceeT
=) o ., sthowise [ico 2 T |
we krow that X za X @® 1o X () , 224621
_ZE+t/ 1
h -
X(t): éye +bY~e( vt\- y OStST
A What Wit ke fhe elftwalues 7

i’_ = +)(Bo+"(z)z




. acHitional {emn

+ b expf " T@»)X_] ~(x¥ZZ

=% e
9 \
==> 1 hae pw 2 depoclnce  wihen nam.@&c te Aopyatys

N
ot that the eigenfunctiony of momertum Z Jepercarce.

{ efP‘/k (0T,
21k / Ve

D

—-—:> one (YW{UN\, s +Z-/ 9 P _iD(th\.“
oL Mavetum N~z | g = 2-

am—

veasure S, —» aou Jet —Zb—‘

2
CX Bo _Reoswt b — e averape s

solie . will be 20rv.

:_]HW 4-%2, b.33 (5',MP&) /rlmc& e notation dffferecce;
L.49 (ren) et Gryptis. Jobfy £ Coprou )

o~

- 'd )peuaux/

Addition of- /’*m?u.&y Mowertuno
J-T+3

. b Spr
.j\iu[a’ [V-XYAS (TR

~

\f Suppez two Pin w Polticly in the Prond Jeke of H,

posstbitities = 11 L W L



S = 5{+_32— —y e usat toc‘O(‘:Wﬁ-
N Sz - S: 4 Si_ ey dw nced 2~ addi fiov,

S >(( (51+§ )X‘IX-Z
= (51 X()Xg_ + X.(Sz XZ)

= (A X)X + X,[kmxz)
= ( M,fmz_) XX, D the o‘gﬂdu&ﬁué of Sz ¢ Nm,emz)
/ __. e

"

ANov\=

+ !
2
Then, ¢T -4 4 of |
T -0 D Tttt states Shawld be B 1ot 4
0 /

r om= g
n -

Lt/

— S - Sl 5‘_2‘ 17 TT state -

S ('N) = (S_‘ T *] (A1) (rczcaﬂ. Sy X = ‘LY(_)
AL §-Xy =k X-
= £{T +%T
=k (U141)) o Hree states it 324 -
;o mwy . i
Wik r.k_[;,,‘,/(«m ?C{‘ . P ‘ o
e e 1>=17 1; . this
| 110> A (rpeat) | &5 %
AL theo? -,\, @ = triplet
Jbates States

e ddapod =i = iJ,

T | J’o/ ,s;-.O N
| _ ‘K > Stngle t
lo@>= G (N &T)j st? :{e

arother rpmib‘b":d |

W lor s, gou ot states row (3045;) da |se-s2 |




,-)2

¢ : S'ys
("’1‘\ ”?_“) (S‘l’: :Q’)

= (Sq) (S-,y) (l\ Lz
—— Jeb us pee (1 >, We brow that § % das u&uualﬁuJ s(st)
@ankor °f S, .
s SH) S(ﬂ('\\ ) (S)(:)T)(Sx J,) (S(”T (S‘ﬂi)fk {S(OT)(S(AL)
-k { N
>3 ‘o) }\ SJ?(? o)
) _€2) ’ ;V,: Ve ¥ i
2 " S (243 1) (2 a)(2 ) (B )2

boop PO REY 1) “‘*m
L? O3 [t ed= 5 (M+M)

4
G {lm M+2N H‘]

-2 L () - %{“)4 0>
47

Ty 2
I ] (S(u)l"\ 0 = (SU))'L_L({/]‘_#A’J)
Q
( recaid g% % j)

)
%,'l1o>

2\ T
The same O 4w for (Su) :
2 T T &
— Altgjetie, 5|4o>:(&%+%+%\)\4o>
T 2h 110D = Ks(st1) Vo)
whee $= 4,

. \“/ESF(



e ‘
S sy W s(st1) | M>\ iS5 Slowa o be true .
- Sloo>-0, 0 0

{3 (54497) (9(452-),---,|S4-52I’J (—EOL_,p(ns UM}“)

3 > m
G)( S(:—-‘ 3_ 2 g 1 { 1 -1 -9 s |
2 2 T 7 a'FizigtEiet et g
]
He = L5 4 =
2= 1 2 2 ' 2
i J m
=2 7 ¢ - S T T |
7 T 327 e2
\ : -
or ( 3
2. 2 { i '
-2 - 5. 0% —
z 5 7t e

S(Szg

KQ \5 !V\>= f Cfmmzm IS'M4>|52MQ_)
e m’_,mZ:m . ., L ‘
| \) Clebsh. Gordon Coef-ﬁae/\ts d S

S SL 3 ™ -
ex in ——‘—"> 3)‘—-'—"" +3 1/4/0’—(/ ?” 3 CL‘{Ck {w 600&.(
,z \ 2 — +1,0,0,7 -~ Tl (sa(abb--:
Of i -—-—?4" o, - {
g
Jou P\ck a3 UQL“" 13 0> J
{ O 1D
_ 2 o)\’( O> Lo+l A
130> 12 ‘>“ A% *fl G

)lew L bod =
u&bua k - ?fgg&ov\(d

\ [2 V=1 wewld et B

/ Sinee.
120> MM Q> ~ - o

S'Z el g
h -

S—

P

' Slnel
©—

A/ 9!

A>T T T

1/ B PN —%; swe T -

\
\




.’,/ ! e ra Ao e lgl NH>, Se ﬂ"2> = = ’5 n D

——

lod us oo 12 1[4 4> - 12 adel 12 :>>+1
. o

(2

f

\ &)fov the bonle

= cHec . THE %QOK /

: w-écMeortaA:‘ ) Gapicowis z ; Prab # [

(d
Cvoct  Libefh Tkt N
‘ A

\ 2 2 Q2 , \
('ﬁ 39"' reed L‘S &\%U&_/ Uuse d-‘-‘-’- L"S = d':- L_‘S + 2 L3

|
(9
"

HWj4.54 (5

N2

+ e RO Noc

1 dideerm 2 &5 apto here . §
HW M.qo ~hb1 - .55

Basics

R N il

-')‘/(Jy~ um()f)un()‘) ® d;\m

el ./<¢"v>& = '\”/, @l()()'y'[x)dx ) Scala~ product

b el of tuse
f wale &-u\c,t;i o~
o <P o>

> A - AT

S CDIAYS = ChIAITYS - f@"(@w(w)ax

/(mm«) V) - S e 60 AV
5 N /
CAQIYS - CHlAtyY

TPIANTYY - CAPITYY = LY A= CHAIGS



- \(w > = >__ Cf\ \ n > -
- ¢ dvereke
& or thono msl eipe wlates dist ciluf ion

ll 't L t A = ; ' ( l .UO) ‘{(Aﬂ ixob%l"ltl.(’ 5

\ 1

|4y - S > <l
) . ra%d(hmofﬁf&a
S An>dnl= downie gperation 0 o gt
n

ooMe CaMp

— CoMpﬂeleness redatiov -

- ><> A _ 1 cotiamor)
X 75 2 | - ? h{ ? IJX ¢y Ix> distributton
é‘:gc/ﬂu(ﬁ

rek

sy (;(‘ \'\l) = jd)( C(x) <X|—|\X> = c(k‘) = o(x)= <X\—4>

{ ¢
Cx'x

— <X\—q> « Prefection of Y aon X = U x)- (7("\}> > 4 o iy
ne akion
(\7\Q> P(o'cctrm of ¢ on P sy d)(m <P’d)> of i

a5 pae wave !A,v\uhor\!

o
— CM&/‘LC/\E” rd&ﬁd"«i & L[ A ¥ iX><X‘ - _rl — Covbinvtour O~

-x

- <'u'1 , 741> & é}f,l ,/II ‘u Z> & T w@«QQ Nnotatior Eﬂﬁj
= Sax Cubeo<x I - J’ax Y V200
ko4 Pl

e
XYY o x )My > g pasier’
(/ o / / A\"?\,L cecte”
RLEY fdp CxApD Cply> Vi
(P*/ b

7V(X) J/H#(P)Q ‘JF ””/QP x|p> Y (p)

\u‘nﬁ _ e

(PX/
Then s (<X\P+ ;ffi"""; ¢ /
N2k

[hmert awé;u'wl |



3 \’q> = i |ﬂ><ﬂ’—l’> /‘D obvious .

P(‘o,c’c Eion opera(or ’Pﬁ ’{\)(f}” ,{' Gou Somy {hatls ubu(ﬁ )

[4 Vi Pr= Im>¢minden] - Im>dymenl = o Py

L“T\/‘Qﬁ. PnL: Pn.
— <YlHIY> - _5_<n 1YSTEN )

o . H= = Enby
- S <Y nd>EnlYSE, S L
n

TR U e S - e D
CUpe Uyt L E Y+ - D L EqaEqe -

—> Hormovie Oyaillato
— N~ ——

pE | M ,
= —2-{—“ —? x = ,_2_(:U( —XP) 1\__
L/ (@_A 1-4

\H H——hWJ
‘_ JJJJJ 1 4 r )

W= hw MA*é HALES = ARTES - RwA LS

= (£-Hhw) AlED
= [k AT = [ATA ATz hwA . A Bowsany e dpd

J 4 ~
4 e
9“‘ {

[ e o (AT, AYT: b A .
HAYED = (E+Ww)AlED
DRI - ElE> A

\ * . ! ™ .
AP Lf( -
A i JSrecils !

Lo, e
N/



—> KoY = hw (A1« ﬁ) lo >

- jj
T2 huwlo> . eerfY of the rem State!]
’ . ¢

. N CApPd?
o ) A ' )
> (H>-= e A = pw” CAX )‘l
‘i"\ A} :)
i : ”
ra Y L -’L.

Cp) = Cpri- (p>
-(A';")r‘;'ilt /Y7>° ,(-y >z
> HAY o> = (A'MstwA' o>
= A-‘H};\/ * +"-U A‘EC>

= A é pwlod t hwAT o> .

]V\l*‘: ‘(n '\,ﬂ";\t\w rn:- 0.1
s In>- . 14"
? In>: (AT o>
\iy! 1
A P \(a?
AN o> (ATA+ [, AT)A

\ A

"(A+

= leo pornt AL Dy

Con newves e L

(pid>2(xt> >0

hw(+1)AMo>

N1

) [o>

N A
o> t(Ataat) lo>

) .
fic How LA

W : f'”'0> " |
A(A nO) ('\(A) ‘ “(f")r lo>+ (AY Alo>
‘-‘;{,_,r,'“;.{.,(n )
nbeens et
. N/

<ol j;'«\h(ﬁ‘)nlw =alrt).- 1

d
n
-
la}

<(P«4),\O \(H‘*\ﬂo > = ﬂ!/O o (a”Q

L A S WY TR o TPRS WP W Ny Y- .. S



Tive pedoa of oeradas

L LONTTENN

e‘ T e f:' (‘;H‘) ! G‘_‘}O'ti’“"ﬂﬂd coumifd t o

redation or Jbu_,iu‘rk- .

BTN [P F RN
- —(HE _(H¢
=T Yo 8] e A oD

e (H +
= <1!(0)\ Ht/h ( e \Y(0) > k—(ébww~d K-

B(Y) —aue&ewseae PICTURE
4B
ot -'L {ngtf):{]

Matrices la @uan{unq Mechauces
— T T T T e~ —

wlere

— ] tm> - h’ie(eu) lem> —

Q_)OL‘((A@L %) K.S were sy el e

—”Hln> -ﬁw(rﬁ ),r\> whee [n>= 1 r (A4 'O>>Q,uad.M\
= ¢

Mo
—> A*er =antd 041N Sereation Operater Oxallake
ALND = I 0> ~anilitation operaty”
v (M‘H|n>— "\W(ﬂ.‘-\<_l\ﬂﬂ> +\w(h4l-)cfw ‘.-5'\_,[5](((,';:
‘% 0O 0 ... p
H: "NJJ Q :ai ?_ _,,’D('gdma( hﬁ&{f.“f 'J._.I.(»U
: = ‘ bat s 2r Jdigored
G5 B apre: i

eriieg,

Y

- (htyy
=>il\4(t)>_—: e 7k 1Y) > <—-§SC“Q0ED\NQ,E
: PtCmQE
-tfl'h‘./fl b ‘ |



S—

4 (M\A+|I\> = Jar ! (mlneld = {oa’ g,

[ D O ©
0
+ (N 2
A < O I \O.
SN 7
: \cha.go\aﬂ\
VN oemlAln>e {77 <min-1>= a'd,,
0

(e o - .

— (FG)C‘ z ELQ

_— !'GUB - ‘_2; cn]r\>}

(MG’J\>: ?Cﬁcf‘f\l(\> :Cﬂ\, _____> ’Cn;<nlc'd>‘ !
s A

| ’ |

|

l

F

~

.
o=

G|J> i In>< n)elp{

e

<1le|3> iéfln><r\|6{JJ e

Lc 'EGIJ> i< <l Flf\>< nIG \J> ! PR
,__,__..«-—-—4—

S
F(‘f\ Gﬂ$

o+ + AL AN
— < mlF)n> = <] Fn> = LFn|m> ¥ +
+ an: an
= <Zn)F T Im>

where e deau.( Aan tion o
(,.owuu




fc;‘:' |

7 LU 1A UMD = < Uplan umS -

-
-

=~ i -
m < blr. h-lm) - uff‘.:"rﬁﬁ\

2,

\, g
9 e . )
W Al de‘f""‘» 36 2, ge i epuvalups
—» Ar\.tr\ = (""'(ﬁ‘. U\ll{n >
| l3n> - ‘;_2 (W > CU Japd
' T3l = S <8 lusd<uyl
( &
(r:'-r;\?-rr} - 4-< {ar ‘-’J.><"l“'{¢” LU lam?
L. c
=3 CaId gy U fam D
{ £
t — + (
% ? < ap Uy >¢ qf_t&h‘\') = - uil ultl'f}: Srm
« ‘ . X i
) < . \ : . Y
C(drIAla,o = <anlug > <urlAlue> culamd e e
. \w“w 4
\ . -1
S <Upland A, ] l’
' e e satay
Ll aant W ‘ Fe®
e . , - -+ bt A
ip bf “"’E'bl U = Ut [ cofs tatior
A -=< U YA, u
ne ~< UL e em
4 30.\‘; o«
= & +
Im en = 2‘ Une Ab Ugm

- On. it
5 UJ{»:.'”,C’ {rar:;;dbaho«b

——

y'TLu-, lﬁbuu drd ome W 4 digorslsz A, ‘A’- (,UAO(,

— - r ﬁqueL
r __'_,,* —
UAU -A

({M,ubfﬁj {o f‘/fﬂ u s layriee 6{/‘0.,«’_,”’ f_;;,‘: e i



Matrix Mechayes

N —— T~

li\) AlQ>

wama T S < [A[ASKNIGD
> .

W(to‘ | \ \/ "4
column veclor < {|(D> — X

5 <TIUy N el =
o < C2ly> |
By A 1P — o,
VIR | o
_ B s —
Ada %,
___*n

i/ <ol0Y - <dlnd> — () sty e, )

Lb<<bl#>: = <Pln><nlys - S A p, - («:‘«;‘»(3') |

B2

(’(1”@‘14>_ 2 <Y [ad<n]@lm><mIy S = Q>

nym v NN A

A v arenip QM
By O Bm matiy dogfear W

Lu\u{{uz]u fzua €sut L

\?Md>>:ald>>> e e’
gi(sw\u

iAtﬂa(n = tJ'\;- ic?cgn‘\'r\
A
P Pps Pp Tl o0 = &t(/\m ‘ac&) ol

{
]
A Y
~
N * /
. N
\

A




'ﬂ h P
5 Jﬂu haw e+t o (134() as matfii ko

1 Qg o
{’ { ? L Vs L\ ( 0 O 5 \.}
o o-t/

O ﬁ )
{-1 = l—f: “i\ 5 0 @\
D 92 O/
1
5 L. A 4} 9]
K= — y g
A
o 1 9
Ve 2
9 o .3

A

Sels ed-h \)ls(se()‘m(mi‘) |s mai)

2544> Z,yé{ hfﬁ{/i'Qy’,

/ 53 0 o
n o %9
S:'_: -h' O
5 0 [3
o 0 o 0
)/ «
e W hewe Pi‘;i >
%

Tl

/O 0O O O\\,\

6000
O = o 2 O 0

/

G o/
0 02 Y

(O]
b | \

M7,
S¢132 2 ‘
”11>=(§ﬁ§ 2
?2)’2';\.-]"2 £>
3 -3
S“\Z '"Z>=(3h‘%'5‘> /a
=17 2> RN
Z

-



“Of\%oo

—TU\QM bx:. __{7_\ (b 0 2 0
~ o 2 0 (2 — what e bhe egeralie)?)
o O f} \O
et (5c-21) =0
- {3 o0 0O
6 20 ~ 20 3 oo
o 2 -x B | =-\|2 >6l-(3|2 G
0 0 3 X o (3 o 6 A
o[]S GLAN sG] 3t a9
= XN-loptt9= 0
xt - 9 3/\=t‘,t3
b = 91
D ei&e/\ua{w&: :t%, t%-& 25 expeckeed .

e

@ F‘(‘\A e d?Q/\UQC{O(‘S °£. 8)( ‘
OQJCM Charged  Particles with the Elockomayu tic Freod

The [nteracton
'] &/6 O\ (there is o l’)’laafw.tf'c Mono‘)oﬁa_s)

A
v E J’\(Soufce of the elactric freld are te clhoames )

Marud)\

o . | o
(_Sou\(Co qL the megnetc (pm,ld. is  fe current dead -d)

OE [madoﬁ(ed Ampere s aud )

1
CNVxB=Mod 2
e d Yo fdid
d J=0/f S
o/¥f+\7'c)'_o «/vx?ah.kz[‘f&
Chasg

Ly
rharse bositu Cutreat D 't‘}




/ JF
F ‘
o Lotez  tore / m, =—

o i
/ “2 -—e[E'u;x@J/'

_— !f -
"{Bf VXE/ Sina v'3’\7-(\7’x2)=0, VA .
/ .
vecloy "):)l(" i gl
S(aﬂa/ potontin — N
o Ef‘}ﬁf-w $ince VK"E*'%% = OkE # %t(VXA)er(g’“%%
F: _ - 5\:
€ -vo- 2% |
=» —»
g )'ﬂ‘f/A s A - Va(agj ? Gsnga (ran;ﬂymaf'f’"‘
ol - J’D’m {ic eld
B:VCAI‘V"A‘WV:’J” Z’:'é grete

O A o "
f)o((/urzj’ Ch&gzc{ fD’ m%f( . \_)V&/,& Vel

P Progd
!
LL{/CD :¢+%% 7 Gauge
— - ( r 3!3L ﬁ'n{-"c {ion
E‘ ,: - '—- -‘b—A- - .ﬁ é‘ o Qlec €
VP 3t V@ - V()t 54: T \79 JE éfJJc
’ .' IS wnte 12d 0
=-J¢ -2~ 7—9 + 30 7 WIJ 0::4 | ¢
3
ot = E — G&A/#»Q, (Ava (a Q.

HWI‘ Radial .Sduoecliajwf equ&tiou ; V=0 2V, —— lie Plagicle Gar-~f.»‘w.w . ;\“cht

ty Ee . (- _aA

- vE= v (V@ 8?)‘50'13 —— Maxuregf
-V - 2 o 1.
V- va- Eg

]

_/‘:’_" = - -

Acc the Doleiak to lot \7~A:O~?lv’r L

(ra* Pe \TQ'J $ o ' HJH{O« ) dfu&‘(u«;
Coufomb

¢ ~N 37
Gavge - L inzf
0 |X" "I‘
N 3 AA
t\! V X (VXA) c2 w ) MJ ——;aud,,,;

Ny -a_.,- i 62/\
J(v.A) - VA N J /‘b




4> 2A
ACR P BT RN
\_/\/\_/ ¢ b{)
¢
QFIY s to zero lom/tfz G&MEP«Q_ /—‘\‘EL: %‘[ =0

- . -
> / VA EI; 'bb—:j = Mo /\:Y\[Loucg,e AZOWND WAVe e%uadfd-.
I — Jo the vectar pateadial
\0 (nyert L .G. inte C.G :
_\72d - b}:(j b'é) = J . ) '1¢_+ g 320

@ ot Ea =

T Non 104y U-Boa ecl,uéz(u.

| | x,;,(y ?Q(Cf.'('dr(.
__y Mottt undy dbede condition, (1) £(2) s mokeed“ﬂ‘

i
P e e

\ Hw-u;m,{au _eputions ( Radsical mectrarico)

d X¢ dP¢ =JH
— > €. a_& , SR d .
de  ¥p¢ £ dX
P o dPi -av
- L) =S =2 =
: 2 E ) 7 dt -~ X
42X >V Nﬂﬂ’\rdéflw){’c Lh&F{FCc‘ pﬂi'llc,ﬁ,&
=4 ’h;rt—';h Sx_ (/\éwcac(—,U withs EM M
yrl lrere /" \/,\_.* ____“__““\
.. oL
- " x
= Py CI(, L\ ) P bqtdh & X ¢ ‘g /—\ Xt —‘7
k/ L 4 e f S
Mot s{um ?o)uhoj pja}l q—h( /‘da(!w(lc Pokﬂtm( f'“"i i
ww.} &Qﬁ.c,{@:‘.&\& uey
_(mx; t9-AL) - xi - m?gm, ki g 8,
A 9

Y
3
‘

7 m*' ”.- . j' """':" """"'“ -~r---v-vm..m..‘._,,m\_!
fH:_ __,_;____& 46]@!,) 3 l?c:mM{»r_{,A{j

e e i

s —— e e e

carom'cal. Moment winy

The.,  H- 1'“1 (WM“ A‘ LQJ“ (P( 14;) ﬂiﬂ

Gewal  Hailiouar P«
( Maf&e, ol P dicke ntlewr Sching




Y

H I ‘
1 1 2 1 .
[ L Chvee ) @ | Wye Ly | ildinys equation fo
| ~ | 2m AN ¥ o IV 2 | - [ ~ . I / N
') a{ L e 1 [ T,% ) ] a cla ¢ o PP bele wilerac i

e - - - } A (

Wt ((.L{" =
\

—® k;:a‘d—e(‘ tfcih:».:;»’;‘.‘:':?-t_ri oo et A=A - \‘;fq - q) (‘D +dié)
4 d :

~, 1, A . 5
ecatt Lhat Y (F4)-e YR ey (prez i unbiows )

A
' i ‘:,:u "Xt a _uu.ri-O/icJ n rovk °'8 tle CL“N’J 2 ('(ﬁ !
a phase slufi occiy s T o dew 0 thea¢
Y { // i — AI N\
ho¥_ . Ef"‘-\-if\/*«em-avq) -ep+ ef_i‘] W
H Ne = ot |
() S === g\ . s | -
—_— [ - = —_— )
2T ) A ) o
a{ AL c‘!'i

i
the' [ML N :h) [ (e(n— 3V m\hemwj) iy +€Bﬁ Zb A

Drrod

I{ {he Schroc dinges e9n ¢ @o«v,ae gt | D codibons waot (ofd
ibﬁ' e 2 f

ot

(*““V“(: e';ﬂ'ﬂhvn- (wj\“')/

2 = SkV_SL: eVﬂ]

Uv‘\dv -(_W':)P CAD"(J'(’(O\ PERy"] ‘u L.\,_, V3

; L-—z (-th7ion') . eqPJTP — hroedinger equation/
¢

wsfisrt under (52 e

RUFRE dbw-& {igny .

i
e S ——




> Jed u open 4o pradthes:s ..

(’E““QZ)‘(‘”LV*@E)7P='T3V12/f—c'mv-(f\'7p) e A TP 4ENY
- W W= (he [(V//Y%A VP]-che A TP+ A Y
cau)Zoub
i
= SRV -0 ihe AT+ AT

s W0~ YR

/,_ VW - T"e/\ v?P+—-;A:”4)—e¢'zp_e?p
Ta Lxroeduaeof eqo.a{m« Qﬁof{w Clﬂ&’fﬁc‘ [)a/tlg,:ﬂ:_ .l @rac -(r'w'
it the emd with Coulomb 9~

o _ —Ze
Couﬂo’\n b pot entiad ¢ .

F ) ( vl R —-'r)
or colad mepneti Q{4?12«?:/, i_ = (X xB

7 \
=X — i - Lo
Lw> B — \’\7)<A 5 A = Z)J /X( J nr ~'[(3g2 233)1 +1 | Z%K sz)

3 z
NI By By B ( *("?’d J%x)fcj
. B" ~ ; . [
T B3 ey ol A agq-08,5 -28,1)
le /\U Az
- 5 uery medninelol
B %"BBN‘BZ 2 2’?”9&?5‘ /

MFor' C ouldondo 33,‘,}5}9 ( VX =0) , Contal vw~%§’-w(.ic ;1'3_,‘111 2 A = -' (7~ é‘;}l
0 ' 0

QLI Ll"eA T + @—JAJ P-e@P-eY

e 7 (o) = & B (Fx (-ihvy)
—_— -(ke (} i\i‘B) VQP = 5-'“""; 4 (\" Qme v"ﬁ

= gud QB P - & BAY = "‘fw\“ gL ?PBV.

k\&( J

(xR




Howw, R (LELF) vy e (7.0
’YIC - Q/VIC
— —‘-'—23 :—!(?\c—é\ ‘ e? - 0. g2 2
2 = IP: = FBS'OQQP === 1 £
Ve gme %z‘f‘t -
= PN 2 w2 - >\l 2 7oA
Jok B=8¢ —> & —1(r g) - (XZ-‘:}Q)@"z‘é‘

> Sc(/\foedl\fael" 37%6?01 becorveS -

—

e

Coodinate CL"&XL : x:JCosd) )U—;Jsi/\@
propoce & olilion. 7{)(,—) um(j’)el

O IR ST R S
sz (P bj d\’-aq,z dz2
Vv o

-m3 -2

Male Sove Iranjreds (et ')

gy, L 28 (32 Y - €7
V'Z-P-fQMQET_QP—i—m& eCP'ZP p

{904 Fwi> 3s Tere

¢

(coltin drical )

M;&_) CIZU'M _L JdU mZ 62&
T W~ Sa U ¢ (Tt

‘%ff%ff

——-’)—é’/t X ‘P = dX= F‘

I__,.

dx? X X

» Um(x =) - dUR R Up=0 o WUp (X))~

iU (x20) @ 2um, A dUm !
X

Pekkg (in:

Jf_(ém ’Ldum*;("um‘xlkmw“kumo



|, |
—“Nn L&\\(”: %"“ ¢ ’/‘6(") —_— Puy (€ in o e D.E
d°G (;f.__l_v_va]__ff_,)x) 46 o (»- 2-2Im1)G - O
“dx U - A
—+CL{ 3:)(2 D G‘\nc lxd)( —_JP,QJJZ? f C~
C\__Q_Q + ('rﬂ_ﬁ -1) 26 & E,:%_:%_'M G-=0
Cid:r_ Y d\d )43
Cxaotbd Ulee Hdo(fe&w Stard . P%ﬁbbbt?a\)f
< X 141ml
)ltj _L‘_ - 7 - n{\ , Ny = "o T P
nd  Gr) ae khe )_ag,uu’fﬁ ,?Q%,@Web,
m
. )
G(r - Lf\ (\J )
¥ Lodaw Jovels L
~ o A Az = FxB): = ; a‘-: =:J( BZC"XBZ_J)
—> dt B:Bl, A=Z (FxB)- T X 4213 J
= =48, €+ 3 x5z
= > )F: (%—B,};B-r0>
-5 Ja& A= A*Vg ; .
X
(‘—_S.g,)_(_go) = (OI XB/O) -V _\\.}5__)
2z AN
eavies!
L (e-Cok) - L (p1 2 Pre)
_ HMUWM H:Q//v\; (P‘ - = ,%v—\e( x L (P3+CBK)3' z

2,2 2

82x%)

= —!— (Pxff P52—|P22+ QPUQB;(-Q- e
ang

—> TaASe

) CHn?Z]:O

2 ["‘(Pj]:@

PZ ln> _‘ZO|n>

Cky
Pluy)- e Vix).

H q{): ErQ) . asswMe W\% Maklon 15 in tlhae ¥y p('ﬂm




1 ; i\;? J‘. -~
= d4- ) o ” , 12
~ . ( = ;b (Xf‘ ‘_'-S) V()r)-,
~Me dx: e/’ EV(x) . Vywoue 2rallye]
SN_ ,'f_l:ff‘q “ree e _';_’E W 1.- W
N £ tere
(xd)ze "Vx) .o ® \.
U\.(,X'ﬂo'
— -
clution of e HC
__,.,‘.---—'"“—dw S e ——
. Il i M witl T
E ke ('q'* v "‘V’.-E'-:Bb Meuaud caly, to
Mg
<~ J,Lb m . =Q

VVB*/GQJ .
ﬂ,dJ/'tuM'fﬁ’-
) ::’; { )"4
/ 246-’0-/0 /
: %—- |
PR e ¢
/ iz e Ik
' o
ey 2 o1a 8u, Gavels
. (nmﬁ)"“ nn‘;f'.‘- 1 L 2 }’ 0 n& = A1 eg (
MJ Jy . G-f E.v —y Tx ( ﬂ‘) *
, ( , . 8 , T=10¢eC (,
[AA %'NJ J e J ‘T‘j _LT\V,— —% Mg = @l’\@
Grat
(g Cl TP f
( s !U ) ( a1 g e llisos B
Gy & o
: L
T IR TR 1.
LU= RGP I | J - Me — - ogfective Mo
4 ] B, -~ A '9;.\ -> SKE !
pooolaf] o cved. BF
s v ™
. @ - " .—'
\J QQ (( - Q_»_{__e_ ) ) (')x 3 —Q'Q }-ﬁ'—B E & g‘z_\)&‘:}
f-€ Nee g
= B e
3 TO(ED"' —"-\;-;. = q—q E\.&* "\'12 - xS




b= G, 64t €7° ¢ 7 2
\ ‘\ (] '5 3 2 J g) G- _ C“A(o 2
h\()' ( ‘d 0(:3 m@“‘ B ():j
Jy. .08 /
i '['32
44(?_?.2.
o . Md‘ ) )OV\Q_\LIP#OA [
v
N A —ene
i ot B8 e e ee o 0 (F)
';\E -

R
6> g
»)
W c,\-ku.ﬁ-*t o’ ‘
A /iw‘*ﬂ
=R0g — To™
Filpoms

:7J>( witl e coutat

= v"\ox will b6 cotLale

eJa will be e

i | I = \/krg‘/“ia-(ﬂ— wro -

1A

MR >
-5 fozd=l
__,__,_._.___-?B
,p Additionel CoW\M&t on ? 21,—_%5)_%&4(.11
O —_—
0\ B- 8k o<§ca .
4 Flux: f fc‘l; TR
/ ¢ $ 7,'328 trad
}:ﬂaﬁ‘grfj‘&:/:\ '277j - A?:—'En} .277/ ;-‘O(“M
(Jlf f'>¢?
Ne Mc?w,uc_ ffic’itl va rx,ietr‘j —~ A¢ ‘{? - —_ J,>&

3\7)“730




_

E?aaé(’ both - ——L» ﬂ = ——Q
S g 2T p
. -

[ eMomdpes OLQ: glg 3

s f L: ﬂr

’”/\m\l e - 1 Q A ;‘ 17

wxed Vv

S

14&¢TT18

-
>
Ly
S
)-
L_J
-'-
":".
V<
>¢
\,_)
Y
x
R

’(A (A

0 / -) - NW(C {a(k
| Qwh v U o
. 7‘UJ1’/{_Itgd ‘(
_ 2Tk /
Ni@ - e < (, 2( 5
fl..)léla

Tue < Dh DL M2 voe 1 (pags
—
!
4 Iy ( > —» Cononacal MOMEAf I
\ (-4 A
! M Ok )
(
Mo w8 eqd o [wel. 2 [v, 010 900,0]



’4“ [gﬁ/(":) = :é i& = oL f@l F]: 4—!1 v4

!
M ¢ X w m
,(els 5 [ohe e Dok vd

Y@ @J > I_—[@X‘@S*Uz) @x] [(53 (9]¢ [(9‘2 ,Ox]
= (}d Y@- 0;]"’ \93((9:(:“9& (92[(92, 9y 14 \(9'2 b‘,(dl

c,.f\wttf

[-Uj.@x:( _1 UPJ alﬁfj) (P\c ‘IAA' )J
Q., ..\u!-( - U\d_[d ,?w} ~

_ -9
) -r-“—z ([Pg Ax]‘ [-f\vjup)())

-9 ~ih 0AX 4 ch STk )
= "(‘;L b‘j bx

- —.{;_Kq CV)( X)z = -M Bz
m2

> EGQ,Ux:‘\:' ir—fftj [—-waBz—‘&;wy ‘9283+B&@Z]

- L};_z [_(3x§)x + (g x &) x]

= n
W 4. - 4 <(iﬂ_%k( (exrsh(gxsl)) o¢>+ '“S{>
dt jx ] | I —
I ”(;> 9 (( wa) “3“9)) tq - vqo -~> s plmant ANt
m —< =25

Ak 2




ot
—> . =K a2 K, —
H Zm, Vi - Dp 7avleyg (o t)

‘/Inp{'-; e dfrdty = 4

- (E{/;L

Tfnu 'LFT‘“ drt . - — - -
fo ;um. Z}’(r,,r’j,e) Q"Y"w’?)é

./l’l -\‘\—\’—.' -y / o
-——l.r"_ / < Q—., Ith rf ‘-'lhzrz- /76_0\(:/33( WA,

Cet r’?,‘--rz ;b

, — - - -—N Ay e & ¥
(mq 41?}:/- ﬂ T Ve, r' -+ ((( 'r) l’h2 o oe____'_i)._)o' ‘
> — -
lm, 1m,) R g 4m) g~ my R
=N - M2 -
_) r" = R -+ —_— r

33y Ez‘ ﬁ(x,y,z) nd r-= ?(x,d,z).

""((74\, ﬁ_ ﬁ_a_*a_)‘i
T oxe dX x4 dx

X(ﬂ'\,—h\ﬂ:): ™M, Xy 1, X2 = _}} - ™
DXty 4y

X - "
'xl x‘} ,:) _B_i__ ,’

-

\ May+ M X oX oM ') 8

T (—\7'\)(__ _ﬁﬁ_'_..é.s.é - N B __b_
|

M,MMMM.;M.M —



—

sraitets, 0, Bog g,
r m4 R v \

-
N

V/]%:- Nq '(VﬂP) :(ﬁ Ng t Qr)'(ﬂ \ +Vr )(ZP

(ﬁ V +Vr+/£ ’anr))(u

Oednfoec™

E (ayert e

siwu bty , VQ:L ?Pf' ((;‘ill qu{ + v'zr _ ;:_:_) (VK‘Vr)> Wy

5\;’; V.:@': :——li\——-l (N VQQ’ZP-f ?W‘E)(VQVrYzPT VPer))

2mA ‘—V-’z—i achathas
a'reaﬂouwt,)
k2 2 2 Vo .
R gy 68 (A gy Egeay NW)
s, Dy e Me
/ Tix M » | i
A R ~7U vy P VAP = € Jet Pr(e) Yo (1)
{ 26,1,4 iz / B \gf' 3 E"\ Qubakitude | aiude et C
e - “;"[,:
l VQ eZP _ EP\Q‘P&J / V(?‘P‘{ V(()'lp Er ’?'P /
\_2”(2 tm’ - f\_ I . —
Schnyd di ﬂgaf egn (% for @ et \ / |
"f.‘/'&/{(c/u/ LE’ ER‘*(J

[iv] 5.2

moxxs od  Fermion

Wie ) = Ule)W () e uAMOU O 1Y Ut 7

7‘[’((1 J f:; @) (r,)"{ (r2) ’lf) (re) Wy (12 )) ./ QA/'!-’)‘{‘&V%}O € K}::;?ez‘\m‘g

J — 5 clooe- f)w ﬁ&:/n.:_fgw {rl»uai A «‘el
+ (e 9913 te ﬂ.wm_t{(‘ L_‘ OPI“ )

¢ 1
o (G,Pe,:; ko étttaa».*-wbﬂt“ § cdose. ke (JL‘)Q"J(/{A’.{I 1€Qger o, )




() e ¢« de \ ‘Lt(‘& {Qﬂ'uuoo i—‘\

~arno b PPt Hhl Save StR¢ke |
W (). L
) 5 RO @B n )] <o
= PAWLL eXCLUSIoN PRINCIPLE

- — — 2 -'A}r"".‘! o
Pg(rf,fg):qe(rl|r4> 3 P:i ?3@Pu3h¢5 -_‘i

~ 5‘.‘{ S

L e particles & ¢ <dout caf

leb =l *{~2P+ — koo
PY - -1 — fomioy

¢ X péf‘fb@ & (Jo)( _/'

\! cowaT Wl e Mawi Uoasia,

i3 -
2mat

o
L _ 22l
/\_} L&ﬂ(ﬂ):;.?_ 5""‘(?*), CA:AWA naK
" A
’zPﬂmz [);,;)‘gyr {lpq, (X)”lP,,)(x,\ _ pa{é{wl(-e Corect,

Enlnz = /n424011) K

iy B
. ! 7o )
S —_ . - | A -
grend otate n=ng=1 =5 = Q““#’a),,; S 5o (20 o
I - 5 /
S‘?V‘v\{_/ ;

ot peclel SO €y SBK By 8K 2 pia g
0] v ~

v T 5
- o WA 2T A 2Txe (T2
,P1?: V—g ('m(—d_)sm o ’U’l"‘ -; 5‘/\(_3’_ )S-M (;/}
W
@ 2 LX) gin Wry 7 ) <ra (M)
P ) [Sm( 3 S'( p ):S““(’J) (;7-
{eann




Twe Paticde J?Q{w\; A optiond |
25,3 - A[ﬂ(m 1) + Plzaz) + B (320 U3,2) 2 P 13:2) 4 ’“P(?f?f'_J]'

Hw.-

7¢ v ( U\@\g/a 0@8/8 o rC(lc? w . M

U Fermios i o polntiel ool

N

=

2 9085 @iy of ke opin,
Htwecg%ug Lty UWOLI’-,WQ% P 1

Cabeled T .
— ” |
AL 1 V‘e () <2, Ug nlxe!
Y Se@ta\ % (A/ ({’?"."N): -—/7-_ " t\(!) : \
Lot ) |t )
' ~ W '
Uglxa) -+ Tewle) )

o C(ﬂ{’XZ)'z): ()‘(?>~f~ (.x7?>-.?{k.i ’(z>

R fip;xw%&, MWC&; Chis. plug the WEYs b bomu
WOM .

\Fj’t" c

P TE 20 o DL >/ C(8%)°>, F2]exs, )*

\‘ MJ%&\Mn(
WW ! t
—>» t fed bo A(,( tn.p(ht L {re_ }:Fco_ ” Ween
S- 4 '« tu‘hgﬁ \S at rac (:HJC f‘na,u! use Cowvov 0'61(_5
@d’\w{/ (Cle & covdlet bgaui)
%J ant \‘b\d'W\N—t”c —5 Jeparation inereade s
=AY
i qy\o‘\;c woode
A{DM) N
4 2L ) ‘:g‘_:

Z_ 42

EE T

N 2re J (J'H(O
Jo!

—= -
/'-P((Tf };,r--/ r_;) X(g(/;j? s+ 5=
9 T

P e
(P oncAwn) (voc tor )

HW- e s




FIEC e

| e
P L" e &
= v 4 { 1;;3 f-—. ; 4 {-’ ”KSC’ r:“ . ‘
-~ e “'
)
W o [
o - -~ .
ry | [ S r
( ’ 2 ) ne") ((4 ) ?p\ € ",l /r é’"_— ‘)'
| [{'s bl {we bhydiope ston S
{" @ {w Vd Jc. ton S )
GNE A? comwerts £ 4
5 1 £ | | Eat
= "ol az). A 40Ew F o
f})‘(?" 2 z ;’,’F_? _r" i
nalye

En: E— -——-)7 q Conwrf A
[ GE)] 4 [ @) 2y

n=
/
za | Es A(En"En')
ground (n:1) > E= 4-2:(-136) = 109 N — bicdiny enrgy
QQF Hf/u AL
:LJI/ 1A (s 1‘..‘ !» Cofrect

—_—

64/ exp = = ?8 . q ()7 &\/ " ceuloublo e’fk/iﬂk,ytd_éfu

e ———
i v

ra,pwo.:n ve

\
’JE,-P,\/ J:Jca S 4é>_ﬂof‘e”t
w /lpu;- " (f« ‘P Ao 7 2
W) e - 2, o) (3 75) et 7

N

.

1\(

—_ =\ Py -l(f(-!rz)g ) -
f)‘P@(r‘l r'Z) = T a3 e / _—OEY'GEJC_(ID\; | Sowvaed W Cg ‘_"l .,_/
{oe akompnetric = il

Toe o St L B - U,

v
MM :«x{u.&, :{/Ouﬂ" claone o
St o] P

ralcugate fug contribution of (G toting et siake

1
<(41l$_., -’* "‘|> wikhe ?P(r/ /)7

e — e e e i _A



—

£ xciled OEHes

P

(1[‘,.’ Z’Pnf;m ?Pfoo X

—— ] _
/LPS > 5",\3_Q£ — pa@ et nu ﬁoa(c 52 Ela WJA‘(D

=0

Jeonr
Y, —Arplt =2 orthoheliuny the boob-. .
&
wsm:t IpIrd (5,4)
Deedic NN Y73
ny €, mv
J
dpereacy b 2 eloction . 9 42
LT, ? /
1%,22 7 No erehiange
/ d’k}/cQ_y
Trug one - 2,%,8,18,18, .. — due to fermniguc
i O't/UC'(wG.

e to dcrecadny

GVJ'FGC t (E:l'.'é'('.’"
P /S‘/\ ) Cloued Serci o §
¢- O —> s oretal | P R g

( C‘Q/"t - ~ o =
P Ofﬁ‘{&i. (P(MC‘PQ?) rd( Qoutce )
g-4 —
0.2 _—d ophitsd (di )
t-3 —¢ o hitel (dndavantals)
Carboro
2 2
Z= 5> 4 (25) (QP\
Y Sl
; e~ VD elgowon
 ofection | 2 elackron 2 3
.f'n{(w, (felake i ot 20aka® [ the 279 tate
s 2 =0, l n=2, =4,
n=d, =0, 4 nez € ' m-2(,0 N
N\-:.O/S; tJ m=0, ! | {L\:
1,0 o\%,' (2 0,?) _) (2,1,0), 2,10, (2,1,-1 Ma M-
SOl coubinekipns: 1T d (u .
\/\gs/v | -,«JL—;:,U . {Mg
For dwo piey, we hoc Z((\pe,_g,;t 2 2 “
ﬂ*ﬂmm\'\w“i) ue had ) 4 2
Svl?(n.t ,0 . h
o
43
Hgadls Rule — Hw v] Z
2544 o ‘
e it Wi s o G e s o ot
J KD '(Ii{“‘-?ﬂ{",f""?‘u~-:,'1,[cL 3 . |
v Ly o201 spte DLl = Tp AR R B

ato™J




Crclloion Pipciple £ Noninteraetig Par tices

— -/
! ‘ — s.’l)> _y: Sin ﬂ_ﬂ;{) 2 2,7 OQD"
Q L {L ' ( L r By 2 Ay

%L? — Cacla 4( fL({/(?

s QL’P -2 ﬂ
o e {r,,
.r" [n a ) B

Nl x i N7y . s 7>
(“C ).S'f\( i__j)‘_;m( ni“‘)
T L
2

Size of
, g ke e K
v ,’ 2 Py e=ny

2 /€ - (n*€ng?in,2 )
. ¢ Gt Ang < ) A
/ 2‘(an ‘:’7 r‘lu{ . \il/' M v

0 R
“hilp? Tlots valies

R AN N

N AR N SIS
%au AL
(uz_ 1 o
/ o 3 3 _t\:s —”—3 —t W)\
< wok o — Fermn
" | et o ‘ ) &M
c/\ﬂ:@. Qe = Hof ¢ L
- o S
f{'~f‘i\‘t




@Mw ay N- Opac

toi IQ. 04T ndn) . L
8 ™D /’,‘0)(},(

o ﬁoad for thr cordensed Motter.

™~ 'ﬁo{alo-m of tha co<nsed matées

tfﬁg

Etotat - N 5/3
lom( 2
) /T ;
R buet = K L (3” % L?t";
lOm T ) /
T _J
= -dEptat ~
I P/pfefsure) = ‘*———-‘if; nd A }Lﬁf“
7-3L'3
5 2 N .a—-P— = A~ 903‘&
;Y



| Y
-TIM& INDE PENDENT PERTURBATION THEGRY |

}‘v;c-rNSE%nggt@ P@rtwsaﬁm —n/Qorg_

sl P g p? L Yw At
" n Y - H L AT F o4 (pestiraten)

/
/

[ H= H® +
/ — o<t ,ccé;e: el postur bakioe
’ 4’1'0"0’71’:’-.10 o= Ofnm»
7P__7+\+)\’l'o *)‘% )\37/}, : '——*6"(1 Toyler Jenes.
J—'r;ﬁv c,;,o;'i i [ rt Twy(y e Iy C'J)

Pueutals o,

7 bow 1o uoll(/e’,) {owe

4 (e T ' e wa Al
(st TSemAduds ( ve. gunehlog
ordd Correction ) (alo {he EGrv .
(aredm {o f:o @\bzl} P&,{& A

Y
¢ v

—5 (HP+ AH' |
( ¥ ) ( ipn°+ A 'Z_,qo My >\2 QPn 2 5k ) _ (E:no_{ /\'5044 )\2‘602*“ ) (’ZPnO“’ :ﬂ%’( )?%12*. )
2, e g |

H
21 P2 f
HO’Z.P“O{_ X[Ho’qan'% H"lbnq:(-!- A [H ?Pn -+ H’%,"]_: EDOZR . %({;%';E—ﬂ'%"] N
A [E”o T+ B e 'aifl

' . o /
K- 4 Qowest ocr: Unperturted Schiroediper equ- | H 4% €7%°

———

)‘*—’7 first oder Ho?Pn"*H'ZPnO: En Yp'+ En4q’n°

A Sewod oréer Ho %04 H Yyt EX Yt Eﬂf’lB\”‘ fEﬂQPlH-."

"‘_____'__.—,

D oatintd L

T e
-rj‘
mnaf Pro&uk <’4n |H01Pn >+<2{’n ’H 791 Eﬂo( ?%"“Pn’) 1 En' (}’n?"zf’n‘c')

H“’% > ’
£ UPn"FPn") o




Heace | ﬁunOI H%e > g, ( ey d

f(} . ,’ H(IZP")!]D 1 Liest ordes catection (e 2xY-
n

/X Pordde v & bon, Y=0, w- 3,

7 rze\o.—\jgz—ﬁ_gin(/g'f)

{

[ /

{ _:_%-.)v,-. poriurixm > H=Vo
N/

— 3 —.

Eﬂt <Y HJ}'?P,,O>- y H’:Vo = ‘-'/Enq; Vo

2mat
= & '
T =< =
EX {ﬂ: ’Z‘Pﬂa H, 2Pn°> R ._.2_ 2 ﬂWX
. { ( 3 Vé js: (_ Jch
E __ o .
z Vo \"
& /; ;)/Fn: Eno* f\f
7‘&”1 cordo swolt ckorplis (it lpse , ooy fou canch many Lags
hyponic €5¢1 Ustor | —— fondgeate w Z-D.
ete

N G ek jon sC - portust
- E]Wwd"aj of 1°% order priwta |
Hasznf +H ?Pﬂot En’ W+ €51 Q’"no
//
(HO-Eo)nt = = (H'-En )W )
. =2 C:;)'zl)mo —= ;.(_’ M=t @‘ﬂ,” ) ;}éf\ﬂa&g Jaes L1205

no d of . 1
i ne do tus/—s 2 P ton. o [0-07

) o . o
(H-&) == s -(H'- &) %

MEN
= (e -ef) ) LB ) Vn®
M# ( Em "En ) CM ’lPM = (H - Eﬂ )wﬂ S S (: £ N
n s

= (&) C™ (P> =~ LU W 02>+ el <UD
M#N JMJ

(67 -8 ¢, = = <HEIH| U




&lr
L
\':*‘ Yo
“gi} _‘v”i—"ﬁn\ 5
Eno'f —) n-m 6&"0’
A
—
HW | mzameme erellagor ‘.l
/—‘-_‘—j ) 2 -
oY Eofrge oy 4 L 2n
Z ELx
el :r o, _‘,_:(-f«,’ z o T',- '\Ot s ! . . " /(7”-‘/,' L,/;\
oa Do rtusate: Tieory — oty {upotant n sl L

— "‘V.ﬂ - .__-—."( Q 2z
: RGN NP En 74’”4 B 5 — we wat ko {nd
’%T

-~ 1
£ & .7 Yo —/”"

A > 6 <7'Pn Wn S+ En &N rwn‘) :3 60’20'8\0[?4’ 0>

s

—> &% LWTHINS - ES W2

(Ve NG tba&)
MZ?MC <'2Po,'1’) > o

T

SRR [ =IO
— <fwmo| H |Fano>

= —— WIS
Nt m Eh’ - Em
e - ,~..,,----.;\
! - I(PIP H‘ \QPN >|
fn o
ntm - Em®
e~ N e

A —— S -

’ . L N _
Cottec o Ao (e ot f“’“‘("“ ~—y Y- EAM 'zpmi b
N&m
/

- WL - AR
b (ry them W > K P > oplici

WINANDaA



l\e‘, q(_mera(e :ngfur“éaﬂm mo,é

2 b ey
Ho ’Zy‘ao z E°7+’a° R
0 o 0 v
Hwe - €%
P/ turbation —> B witt brese /et e deperaracy (B e xovpte. magratic. fiedd Sifes
ke wgieb © davdau Gueld)y why  Nio—>1

ke (%°’7-£°>: 0 C;Z(w/l thoe & 45 [0"“089"&“"&']

}E j b= HOtAH'

€, /7‘7/-‘:_ 6‘713 \
. N do the oaw
Mo M1 -H/lm\.d_;

v \ with the I . QPO
I FIRST orDER. © H°P 419’ eopr i e %° f -5

l mt}C—e— i 'IPG_,_ «vao*ﬁ?&o iy ('f‘xf(' JCLW -

CALVH YD+ CRYH) Y > e}v;fw > € Cpolp>

) 19
CCUSHTES B WS 2 o &
or S‘.MP@ r Y H'/ U] za€’

W, W,, - 1
hre , § < Wa t W) - o« E (";\b

O mutticty Wa > Wy g t BWap Wiy, = BW,, £
| o€ e Waa

[ WUt (€U ) (W-€) 2O Wiz Wi

e

oo = (') E'(W, W) +(Waa Wit — WapWia)= O

_
2 (Wt W) £\ Wage W 2y (Wi Vsl )



4

;E:—. \

il r (
| Woa W + !
E 2 l =2t b \, (w&&' Wbb)z + 4| Wabl? {/’

$<amis
Pl Caxst w0, 2. | ,
L w0, Bl W0 W, ~ef Wy [52e 10071

"y

f S
£ - (vq)bo “{""%0> _p N0 dapera

‘,&/f itoslie
( ; _
x=1, =90 = Wpa 0= Wap = & = U\)aé. /;@ 1) _/7\/;,/,

( ron JdQJ2AL A
el (fq)au‘ H(’u)o) — L

1 odes corn

BV
| — diag

j g 3,6 A \1

J :

_ ‘_/ qOQC{ o' - LA
v

] y .

Hé/vl.wf{au&« A3 riX

Tugoron Jet Abe 2 Hrnukisn opeato- cotpues  wighn FI* o HY {l . °

Al e ) ((r AN 2 [ z )
Yo (bhe chix/“’ eiprfpn { wnpertubed Howhoviar) ae at,o ex prfunctions
of A vl ditiset @af,uualuu

Ar"PG‘/)% A"H’O ))'Z//b y p¢p
thea,  Way - Wes = O

/N T X

('Wrés y2afdtion

i —
¢ pes furbed

= prturied  Hauwlloyisg watrix 15 nl:?.d/_q 3 ilrads,
o
l’\ﬂ/‘@. ’ (\Pg and Qpéo Jre ('ﬂ-e 890.’ 7 jt s Co Lre n /%/{Jfﬁc? = f&()j"i{:’

Pt [Awl-o ‘
¢ | A1l p> <0

W[ Ab'- WAl Pl

1

CHOLAH' W2 S - <o) Yo

T AR TH > - <[ p)
=P HI WD - DU gy - 0

() peY o ¢BYHIME = Wab=0 = Wpa -9 ‘/

) /’oir U,«.@ Vp;»@ LLU\C(! Q,j A~ @ oA p {{/\;5 LWJ:’
u Y/fuﬂ, i



o on-fetd degeraracy
a L W P o B
We = €D RG>

(Lt

AN nx!

eX Paticde In 5 6o, \W(xyi2): SO OCXcg , ocyfa  ocaca

200, oA soudrare

-z
5 o N Rocatd - K Ny Tl ngT neT
¢ ‘3..—-2; d ‘ r\Pf\y(\‘\jﬂ;’_' (;-,T) Si/\( 's_x)fi“(‘g‘d)ﬁ(\( 3 z)
,3_3 ™~ Pejtuf(sat/}m s X.O—.qi_ra'ﬁoﬁ‘% , 70—
X 2% 2
\—‘ .QQC.;QE: Eﬂo: ]—é (ﬂ)('l .fnd'l-( /};)
2nat
242
ol of Hmw Nx=Np= s . = o_ 37’ & — Mt c@z/uz,g{e
ﬁOO * d f- L = €n 2,“92 O/\éypo_).\uérd lylll
ToALBIEON H‘= 5\/0 » QXS L ocye £ _ oczce
y efrewilec
l fa&l safte fince /°7- lﬂf(/\.uug‘(_
f
EO - Cq/f(l/H/.Z/)"{)
al2ah 9
J:[:f, (a V Sln )SM (?—j)jln ( ") thac'{'\’

9/1

vj fv?(“")d ffln J)J /sw’( ¢)dz

E s-r "/“ f—7/En= ;-— )\7(4-\/. , o1 /

vﬁh‘f e xcieed 5{1& . 3—°L/Lc{, c(elfowacd!

=

WY, Y= Uy /(ZVC’”%" , En s EMh? /M/

T Zma? / mgl

Pz 0(7/74@2&4'37& —4(?:?6Jtcoee o= 7 (= 75'-‘)
Waa Wy, Wicl |, 4 »

Wba M Wi (’ﬁ ): Ey: ( P) Whee ul{j: éwt(ﬁ"'l@>
Wea Ukl Wee 8 ¥




U»_;&..ﬁ ( -'7‘ rt
Hae = Mea=0 otlaporal z 5 You U e w
&) ‘ ) <
W - e = B
The = ()Y [0 (T)on(3 Ty T pray e .
\ © o) =~ J =t =1 - 40 . - o
B iy _ = /Y(F 4 <
\K = LJ' - {————bT;V\ s - VN3 .-T,‘
Jd MAC Ql \/u = 7. K e ";: _—___ \l
Ouf Reréuiwd /1 o 2\
N z ~ M \ Ao
2 toN s ~ | = W& [ {
v\.af o Q VL = = | _‘-) ’ -
Y = o K 1
- w a 9
‘ 5 ‘- Ne r’\ - . " . AL
€ [,l'w)b - H‘r" e ‘ = C >
0 P\ /-\.\. \\ .
] .
T AT
I 2 1NN Vo
Lo Ve
- : o) =
my- o
\ @” 3 Jeld
o > . {
¢ 2 1€ K¢
e 2N k) W
. (.
MR-
Y\
( 5 \ | ja
,4’4’. y :
v, A7 4,\ff‘*‘ ;
A
st ve (e amrad atae, N
(
00
" ’\ / 'I\ ! \;\
A | \
i 1 0 W
\x Y ¢ A/ ( ) ‘\ /
Y . .
o / \"' \ (W T

ALLA BRI
b

K

L
\

\f‘?‘""“ A @ \

SIS SRS SR | n(




T (w %) we - IS




ol Me ) wa NoF

ri (% ) el =

iy gy C e . - i =
fqﬂ ]{T l‘... I'E‘.‘d tTifﬂ"ﬂ.-]
(s a ""-'.""-" l'f"ﬂ"_', Lol ige F'l-'-l'.-tp _H-,_'.I'f-n o i aw LA SAoend

'rTq".'Il’ﬂ | . i ;* —
4 h‘,}i"flff 0, v,)

Fwaelo {i-l"u"-l-"'l“‘_] Lo r'.'l-l-rfl'l- ¥ 1

X Skni *-E{E

e ] E_f\-! I

—

'_I"-'|I 531-'“_,1 dba., 1oy

LT

VI v v ) [

i ol

-

for o single & Raript

‘A_-F-i
N - s ol . r . . W
o ./Lq I *;'H-!-'H‘ T uwis ddium o L ‘.J“'.- g r.._ _ T-E
d N
u F“'E -\\"
- L tos B ot fareed poteatial w'icf'u ;5"' Cl e Flag
: -fze e ’ AT 8 s g tios -

iy I'j_;-{-.{fD..__:.j,_\,J
H' er Ecnd — e e Mo 3,0
# "--"'I'-uTaI

{"-—F—"‘ F*ﬂﬂ}= -—-—J E 'l"'-_h '-*:F B W
ne2  pad
-

h":*

a

fll;..;pﬁ-" ||I.-|li'r'-u-- ol __':..E_F"m‘; t.__'l“ 1y fﬁ(ﬁu’ .
- i e d
jor s bat-v

™

|y 12 00> 2, agﬂ,u Ao g—
- f72) = J 2 1 1 V | ,L#,.\a.r.-'ﬂ |.-'.l'--Jg_..-"'-l|.||',.IF ’”"Wc_’ . {l.g {"r !Hl.',.u‘{ )

I'c‘:-'l’h- f[lﬂ} |

-y 12 -1 7

—t et e :{J'icfm tloe Can

:‘,{) F’:'}‘I{}:f fee }







HN}L if i 1?r‘fi'h FJ {.F:'Sﬁf-rn.-u. '}Lﬁjq

[ L

THE FEAL #WDEQERD) ATem.

P W S -2 T . et
Ca- L’lﬁ'-' nrrh:] r I e

ik {ThE e T 133 03

Iv , Boba erargies - o e 1

_ L.
1‘P F wr Strusture | refadieytie i J'FH"” r_;rﬁlt A pf:-*-f' Cafee 'fl'.:-f"l ‘.-_.l!'_ul'.l"""'lII "..Ir.
= gt [-ﬂjﬂ|{1] "':a"&

f Laab Slaft 1 pratun Gl {twﬂ t_’fua-mtr?.gh'-:a o4 E) [hTTH'{E*J

_ "
o et

4

— g - £ e
tl:l }h}?__‘.lrlf_ru Jyf}ttrﬁ inlf':.l'f.'lf!rﬁ"' cf {t' E Ll.l'rfI'l. L"—ﬁ J-'rl‘.'l.ic.-'ﬁ P Lt tTl”JfEJ.'
]

e

o oiite oz
f_}.:'.*i'- Jtreciure
— ﬁﬂf"}lFlurj:tfl‘_‘ Teed e 5. JP;ﬂll::r’:Elf -f_'ﬂqrrl.".-f..fl‘g
RS 4 o .-E-l 4: '-&
,Timv_mf#ut,ﬂ"t—?

= 1/
e~ ,-I/T.- = 7

1
7, Delabivintic e ﬂ - ﬁ'n'r{_: g 'ﬁ' Jerprte ,{&f{a‘ b=
g yr- %’
=2 Tz Gme' - me? : (-’fafﬂi e gy = foab grariy = tatd :*Lr.’_j}
oo AL louw preds , Ypne? e’ T mc [’fi £ ¢ ‘- c mc ! -—Lm-ul:'-’-'E
1|,,1"' bf!t
=2 T Foet _ el o 1wt ) oer J-z.:p-af ofd T CM.
o i
ote Fefatimiic mMoveatum . T — md L F
T
“_1_9?1_
15kl 1.4
Pf“’m?"ﬁ mﬁ:{ﬁfrﬁf :nu:( )‘rwr:
"I'-E- + - I'g,r",:- ;‘[-5;-':?

. 4.

—=,
/Pf -rh"lf : {Tfﬂ"lﬂll) ] ;_—"~ |: ',‘-F-,:i.gmiq -|'-."'|{.

“J

Vire e ety {ﬂlﬂf '-‘f'*"j;j fest e







( & H; ,_F_E’ e SN, bt (3 P
| r ﬁftp{
E a
o3 X Ll g
f .I” E"'ﬂ‘f ‘I.-}-rﬂ"t ﬁﬂ_ﬂ' H 3‘ &T': i F’ r - "E"r' .;:'Hl-F
Urrt e o gl electon. £ 5 300 SREL

? ZrT
d!'" fhe clecprgs . _.é;fmﬁ = rm 0T 27mart?
: = v T

TIIOM 1 ES S E Na :

w: e ) oo
b Wey ety 3 . AL SR

(s 4 E&‘# ai’ﬂn‘tl:"" .,":'E-"—
( f,ﬁ'j-?" Ford r 2rT
o

Mm bie dvale ” ba electr
e EHJ‘C"*; ovast of Ha elfe

8 f LAY W_Ed‘ . 3 : 4
Jl-,*n-lsu:'- - ‘5,= -.w : ) ; 2 '
(_—"__ ‘> (eltciron > """”' Tavla=_1he Tl:j-"‘ ._+}|H:
1'?.-.-“ fpan n{_r.:",-:u
s ‘Frjmi : Tri'“"rt = qurmeretic
b
5 ( .)jj'“"f‘wt-:e wl lrBve _}.
{Cﬂrfmﬁml /
M (L e
comviep ,Erau relabustic (Pﬂ;ﬂ%) B,
¢
= gy Hfﬂ" (m 5.) (E;IF ﬂiiL)}ML eptiofesls
Hr - Ez 1 F.E_ ('FFFJ'--'.:I’LF[ infear iz )
[ Jo f{lﬂfﬂ m1{.1r-5,
. (orfaction | Tiomes
1N PS> vy
lnl,rpt!"‘ﬂ' i
& 08
s et —d
P
stofs

eeﬁg,.p.,.,aw.ﬂ-# (?K3 “*“r"
gcw"" =) v Al ux i W"‘U




,;' |

v JI'I Qutition 44 | Gayovwicr
— L3ty
the:, eipasstins of TS ¢ }lﬁﬂ"f}-f”“}-sﬂm] '

' rotie 1ot .ﬁm,‘_‘ S - oy g ;
¢ &> ”" —— |
fet)(8+ 00" /) : —
P’ ) e

<jnl | Hjaen . &', 22 L 41— it[:i,*.‘1
. g E"ﬂ'f ps E[f#‘:liﬁ]ﬂi 2 0 1' H

¢ o .}:;-. 3 fi ﬁl LJIJIITI i) - ‘E-"r ] — &w#‘ﬂ‘&:
A f_ti 0 .- fo = '.'ﬁ'éﬂﬂ".l fﬁ"ﬂ}ﬂ-r:’l ) ,133 f.[ Iuw?r ;‘ r.
edirive f - o= ’ n ,aﬁ-ﬁr.ﬂﬁc §
e
y & Bl [ sl -teen-%7 i)
|[ Ml —--ti: fE

{f!‘lf}fpé;
& e

Strice S.'—-'é / lj-.f-fé,..ﬂ ;Eir

JUs = e=j-5~j-4 — dnee U

oo o e,
[:1 - Eg_l [_rl@i{iﬁé*é ____%] ¢ | EE | ‘







