




























































































































































































































































































































































































(3%

TB{M«R AOYWAANA Q-
Shatcbl*v(ab)(l | DhA===

(Rgojal ¢ wmd Ao S+ Wadtoy P&J“h'(..(&_
% 2 sHricked 10 constomdt rediUs)

e
CluMv Lanst locr?.'
J=2t

2w
3
d*«F\LaoP :/MAAPHL

A, e Gt

wale

] MpcQ Fa<l

d&tectad ity howve didurady,

vt

..\_
-J4,_,LQ'J

[ Whm portiUe s cuvie




e -Iﬂ?r, 'z.l 0%

Td
A2:9-% _~R e w2
)J(\t.{:')_ :Lm(LP L m(\{/*)
Is #e fellowing condution LS Clent Hhak
JC"L{’)“OT

@) W(Xp,ts)=0 =D ves, sufficiewt ~5f =0, yX=0
Thiun por+eims are 2erp D) =0

5) [ o) =l ¥x O v ettt
chmqu-. o
say Yle )= ﬂ“akhf tw{' (plamne WoNL)
'TMM _BB,T'("‘{}?"(-KH'.Q,Lt{PLWt
Tham A(iﬁ:‘)—-—--L%Gn*[a"*C“"*({kﬂf“""“’*)

.
Lo w € oy ~Chytiuk
BFPLS ik I 2wl bt

"%(mlzfi’—“ln(z"(-—it))

_ R 7]
”% Lal™0 s St et

Q) [l tp) ™= [ Hx )] for ol x
(& §0unt avgment (b) w@h sAme Y€ E)
we A0 I(¥o e O - Not s ufficiemt™

4) Y (xotbrtr)=¥ (x—b%60) all L>O
& S#‘-fwwﬂiﬂc, Aum TN about Xo

2ol =0
TP _
s 2% ¥ &‘t)(xo‘{)
23X te) =0 udfichant (owdition



'Q—) :I-F- Y (X=Yo ){_-"Eo) s voa
— SOl (&M.Eﬁuam?[a: Yo o) =A L= (wrt
Wit {:K‘L—LM: 21T ,FU-VIHU)M -j:ld‘
2ut as M (b)) sl (O, wa fonek ¥
J(\Lo;ﬁ)ﬁ: —————I—M A :#O
s - Not s el i Ll

A2:4-1%) For YO =BL" X, o A¥
A= J:ZW'\(U% -£)
N

Q)
Show +het - thx
J—T(B*(—gc*>
Egn 2¥b: (- UK /yadt (24t
2 ZM<'+’ 22X 3{)

J:_Lﬁ‘ "E:tfﬁ&(i_d'x)(—a{Bﬁa—d’x—w(Cﬂ.ew()

2m
[ XK *
(e ® ) (-«Be "‘ﬂxc"i"‘i}
—_ " 2 _—2%K :
- o (-alBhe + B~k CB" +{[.__c_1(2~p(',g2°“
=2 oY

+olafe - X B 4o C*B‘ALQ#;QZ’H
- C ;
=~ 5o (2% BC'—2.8%0)

o AKX
b) VMLle C-MMM-PVL o r=L
B AN o e ace

. {48 C
(k. De e pt BN .{_O(Li"‘df-
solve Aoy B C . TS D

oL



136

Sehue Aoy B

B = E'Q- C
'QK_L—

—B D.Q,LEL 15({[— C—Q

Selne vy Co
(Do tL'--_oL(D el O(LLC 2;'{[.){
+ol (™

--ape c@f"-% A Rx"

(i) DL = zau

L

e (ik+a) Do’
WETR B o s o D!

|
sy T ¥, *aﬁ (ckw{)‘bﬁ_

DLKL o L
~'Q2£ (ﬁrdg

Substiude Mo eq uachow Aov I
J ::@5 (¥ c—3c¥)

"’[’_ = &L 2T
i b2t (ot LD (et i)

o TS ‘% (kL
Y R Tade >
= D{ (=) A )




- L30 Figulas Mowemtum, (owtd

T3 Yin(8) = (wei) ¥, (@)
for m=Qt1,+2, ..

Ay B Liamnctade vf T}Lk’fﬁt“l’
A (KE):  [Ar= Lkx
f-GE y

Y=g KX i o stmuddamesus slegustote ef $ aud &
G STt amntously o w wmmeudum ok

[N E e LG
h=3 MvZau(d) | L= MR
A 12
> U= =2
> H T +y(a)

co B DT L e Homdliowdom ey
portic(e e tatny
CvEUmh o g

Fov o ‘fr{.ﬂ:}’MﬁUQ Houmd THovd o, (UC¢)=°) )

fo’r‘u-‘i "'M‘#f:_ M.z'hz' _‘e-f:“"'-cf’
‘ 2met )
C?: Q(M«#: wlr inmd’
Sl Emew Lol CE me"l




(38

SR TS fovied 4o be am ndegly’, E B
v EM"‘ Wtzﬁ[ Z M=12_

wn=0
2 (D system: W=

=1 Bk
ting System: JLLMd’ B

£(x—Ck): WONL 7 ropagake s o vi M 1D

f(—t) +o (Rff m_iD
M=+ 2. - L LW mohon (# weraomses)
Mm=—( =2 ...% (W wohtn (PALreases)

W=D nofwwr.u]—fu meve Cw oy CCW

malso consfruct o packet Stotefor e

Na Ny wl‘;fm
1y how -
Pu%: o
| v m E-stedes
i e

ZLE NI .
s YWot)= 2 L

w0 Xl 42

AR Aoty vl a4 tn ﬁ"iﬂé"ﬁ }W adecm



(39

TA G qUOAIUMA Sy Steun, hOW dO2S 41 wang poClelt
bLROUE Th AWML M 0N AVGL — Comn W 1R (V&N
Nawton's [MS7

Le. A
cxb,ﬂ-c?‘) =7

LRy = gow PEEC) - P (6)
et L@:de. WO (- m-% e )

"
Tlean _gl_f-?f:&z_.&): go\\( [(%% e (w’*'%%ﬂ

SChav diNe ¥ 2gUgv : m?“f:m'ﬁ Y vy

£+1M*MW** 22
'3‘(”*‘ -KL ’azﬁ Fue) ¥

'3{ T 2m Jy

&Mu m Mpwa_ -mo Una ivus,,
ol* i an [?.m N .-M}%{qﬁ\%
i i 2y
Z’/—’_,(ciﬁfg&\ﬁ/lf 1UA D&
- —l——gobc[v W%%—H*%ﬂ

:Lw.%ﬂo‘:tw.g !wl posts,
_._L_ #L‘L lm)(q’#%uw) Y. Biz\P>
et So\\t W’* —3—-

, £p7? Aot s (B (
S [wbb\,uti\&ﬁa’l‘iﬂ.& witia ‘o UF?/M

¥




4O

S 6ur Ly

A
%‘ L AT <'_3%

Thersfovg, we com use classicol aatTons
5 wohon ov guamdum sy Hems beamse

«Hw\./l (AN CoWRCH e ONe DL .

Howawn, ks dogsat always work
for mukt neodal Ut bushdus Lo caun s
QAN a&E T+ mgamikgful—e.q. Dderfoyame
?CUH’Q/VM Hrvn dewp <0t L Lt
2. refle tad [Hramsuatted anves et o
bW'iu‘ZPMWi&Q st
SCom Huse = wma for e se Siuadh tus

Stvo V‘ﬁ DAL ATY
Bj? £4.0d,

! - -
.d—i(lm-lwr]m_ D)
ohd 3 $28m ™ Hag ditoctoy”?



dor-w (0% 1AL

L3 Stax LU ac¢ g

Frowd ﬁM*dDF_ZMdW QLWOUW R uaev, cotn

dunve
A<D _ <p> Wkt b cp
at M TX

ou AP _ < >

e

&

=
3
.“_!D

-
T

77

Mot © sy stlmn not thﬁiaﬁ.&ﬁkﬂ—iﬂ% by
| omgUlor pomentumay posiion 5 needad

—

['4’7 Li’("( -t[){* W (\(L..-l) H @ Fchon

-f"'f-\ﬂ'\ basis

CBASIS: |\, MmO

RAVGS howd two degraes of fraedsva
B (S0, wot e s mes 10t s 0 ueed
¥ (et Jc)+ Yo (X y—,%)

M=t Don+ kpnsw
D AR whitAty rings
m=+ | Wi T\U'J{'!C\-U;ﬂ]
'—_\\\) ‘.M;lt\i/r es-ri'lU'\f“s;

'[;Mq'i(_ils



(&2

US g Newston's laanss, G en clR 0 urs
MMM, bRANQLN pLALS O SUTRUM
CONAN BRL AILS N A MABR M S

= =k
R Hwt
WA 2
et 2 M 2.0
M
Male cale s C@ E.,E @M
AV
w & A
A=t L (ve= lgmy

2Mrig 2T C et qppumtPst A
v & Yook ol pud e~
e Guamnt 1 ze

A FAS
A= x-S (BB 0)
QPWC&-RW
I{';_;(V{ 8,9) =¥ (+¢), —,.
T (01 4) = 2 (24 }K-L__L Yo (0, )
o Thk 1 8) ~ g rn Tt Fov 420,17y on)
=Ry el
£=0* s—srarr_ ({ (&wveld)
L= p-sHodl (41



(43



144 April 4%

(32 Tdoundi o Por4icles
Uy doaen adom: ¥ (Ve Xp)

Yarosn S gi
Pamplitde.  P-omplitude
fov el chon -fov prrtfon

X
p X 2
2 B3
{‘P(K{I‘LF)I ] T/-(%'jﬂ"’d
i | ] TG
'(?Fn;bm\tfﬂ&'ﬂ-’ ;k,'_ _7’)“/1
f M

7 of frwoling £~ harg_
NREAAD rafan Ao ot prwh ahil (hy iR 4rTl Wb

XR, Xy not MW

For depludint peuticles Hng Jjoind prbakili
L Mg ?mciw.i e& F i) lediai wa&h}fz

Pe- (Flx, '@q)[zr- [ ‘h(ﬁ)ﬁ Y. () lL
For +uoo partic(es o lak Ww o

e e o
A (zml HER ‘)>+ (ZM?_ +U2-(“'£13)
Q= HtHo

e {PL{{; ‘L’z_'l {):?

AS S i Haat Y ?'SQ{MMQ S pace amok
AW, L.

U((K'H \Ll!{):'\(lﬂ O‘*)"‘F‘B OL?) 6({7)



£59

% ﬁ*(‘-tt ( KZ('E)'; Fﬁﬁ' Yl "(2}{‘)
(ﬁl-—i—{{\z){ﬂ G(;) ‘FB C‘Cz)g C“{:) = it'F\‘ﬂq ("{L)'FE (\C';__)%

= £g (B[R 4, (m] +f9 (O R Fg (*cz)]
Choosl ‘Q'-F&L"F& QNG H{'Fn:ﬁtfﬂ

ﬁz_,’FE gk ?:FE
(stotionamg s etutions)

D €k 9 fyttrfufy s = (Mafy oo
(h % =@t+€ L‘> g (6)

SV {4 AR ewre Ha:hM/wl soluhens 42

’ﬁﬁuﬂM*dLrLdeﬂ/% 3.
LP(Hf‘(11‘&):'{'&0‘,[)—th‘{2)2;((£{+EZ){'/'k
- [f w00 :a_fE‘%‘][( g (2) Faicas "]
TGY (“ﬂm%‘-"\ (.%U/W. B\c;_rﬁdea ot :Muadw%)‘
H =( ¢—.,. oz )
Marogn | 2me  2mMp  (TE( vo-Yp |

TS © not forctoveble Lile Th H-L Pran U cash-

T Ao distwgmas hakle partiides oxe <x
YY) = Y ¥\) S differad T-deas Ay



%

Fov m&%ﬁww7m%ﬁdﬁ>.
(¥ Dl = 1w G ol

Marlel 418 qortides are o T fferanet Phase:
‘Pu”H\=¢i‘¢*{4u;7_l‘go——.e.‘“2¢+(nt X))

el et LK

These ket 4o he ..Qibka.i
. e

e ={ = @:a) T

Fov ¢=0 "'VC‘(U\Q):"F\P(\(Z[KL') Sy Wy C
Fov ¢=T0 ¥ 0w ()=~ Y ¥) PNgT5Y ety i ¢

L"(K;]K}JI—H A -T%L) s ™ (;ﬂt—fl>

STERR A B R %L) gm(lf%l,)

ot &
"L/F L _1_7: _(__\- WMoYt p ol s wi |

1 W ot It
L{Z_-" ; /

>
X

\
b
L L




17

%,
A\ ‘—tf’
[ P
11 i
; i
— £ )
Y T
Yo (01 )= M () SRR 57w (T8 s (T
\kﬁuu‘?}:ﬂL =05 e ]
X >
v B ) AHrection - D'\M‘S‘K\k%'uismrh?-;
S/ Sy b ttvic wawe fumnthion
3

'—-@ \ “Resomws
L ~ 8040 EMsteM Stat Bheg
Xy

-\@ EQ,PMS*M oMt Guppmaimg Ay
N (INT Vi) -'Fu.M(Jh

?Mﬂliftmﬁlﬁ\_?ﬂku P{f;; +wot e locfrtns em D al
%qu comii ot han @ e S e 40t



it

h.{) Ny

Ya (‘Ll,q*:.):Alf'lh('l——L_f—*}i')sm{i?z\ﬁ-)
~4 A H‘E‘LL)gm M{._ﬂ):,
@ q’nﬂu nz(‘t:ﬁﬁzo

SOMAA_
oM o fovee webe chvivs by e
CHOLL AW



Hpr.a (0%

112,

A2 wolecules
I\ 0 ro @

2 {2l o rotad L

H&, Hz

£ixqck
2
B & "2(1":21' L ol mswemdum
M Vo q uoamtuin ol

PN c;\(_sq_r,-f wa,uu_e_}.%'fk = Stualla s+ —fr&tw
>lowyg g.[-.ut.um

Q) A=dmm | p=7

& (owa st amer gy L=0—2 L= |
Bzt~ Egmo= 2R~ _ _

2,;';«_1"(;.L

Mg A A
T -2TC
Wi A

.
rD,JZWM _zzﬁt

J”) Vo= (R H0, M=y,
Aa ~22
6E= B =250 )= (e V

- he _
A T

14q



(S0

AZ: (0~

A2:q-1Yy

Sw/w\m&m/[

Q) Ka1 @ T=300°¢

(= AU DR>

2y

Ew

Etiormat = €T
2
L2+ D = Z'LTR“'_;_?D

For R big; ALt )~ 05 = Q260

_E-'Fi'ﬁ
L=Ted
For a disk, Tl

"‘W&Q ot oL GMWMMMMM" LR
(O == Tme*w

TR (?'“Oq Mz/?-")( 0 2% 3-¢)

©. 1 eg)(0.3m)"

=2.3\(02 ¢!

’[*—-&J-F—Z‘{{ou’g

Cunr ek agp R Antrumiverse (0% &
Tt of amgular wemluctum ot v sl

TG - e
=LAy(Q

- Tog-depeudence of wie fin G
LE(K)E %aﬁ_ q/p\(.‘f) )

FO = Z A Y 00) 24p FCEA /R |
Lo Un i G stade hes (s owinHg—nslution



“Probab iy cuarant

¥
JCJ;“&% %(W‘“%‘&— " %)

almowlg ria L

TEXpRLUa IV VAL S
CA>- rﬂ Y¥ @ ydx
—odd

- Wi g taanatyg AN ETAN
AE L 2T
Con 6P DX MBAL Groumd staxe valug w| Alasi)



15

L3y

-ﬁpr, o[ 2§

Jdamticag Poakides, cand A

Exhdming o Paﬁﬁws:

o ¢ ¥t Y'L)': -"I"H’C‘{Ef’il . BDSWS
L =72 ¥ = 005X ) * Barmativg

Yol )= A [ 4a () Ya ()2 ¥alt) Ya ()]

L‘? creble
QJP SO(LA:{]MS
@ Bosous = =¥, 3 Tm{,umak
Faidvs = =Xy 15 aet prefanvad - Y. =20

@'PMJL[ EXCluSon
¥ =Yg, “-(y, xy)=0

) Elechmn spin

Two “la&i?ig“l T (up), ¥(down)
Llee polewizokhiown: two Stateg

? i PGW J —%;ﬁwa;‘ﬂ*?
gr:uw-{
EX Ukami \u) lyoH\ pos r’ﬁmﬂ?m N s
«Bosowns do uot ob,e,ul mcf\w

» Faviong ol o
povtile |
X 6=T,0 1624 o«?f
6=4 B
w‘—"‘[f"g_ s (L) (1) L SR

P = toAe



%«fu oxﬂ'\tm. o-,{f Spn stote s (rfu'r M?Mhdﬁ-)
= n{ sim (%) H”’L["‘“)—J Loc(mzﬁ (i)}

1

&7 SV =1, SH% Dh . UNGS likely+o
W=7 howe LSpm

Fov fwo paakiddus,
“t')“_lO( \TS.I (5
OYala) Ya () — Alwtuys & yimmetry C
@ Ya ) ¥e () } E%MT\: addQ ok

Y& () Ya (60 dcis yumatvic o subdveted
‘e () Yg () ™ ALwa.uls syrametn C

&+ '*T% (‘{JH k)% (Y.?_)-f Ya(¥s) ‘{’3 OLL))

D0 L (4 () Vel - Yy () L)) eIy

gWLMLL/\ fov P stodes,

K1) &(2) syl ric. AlDal2)

x(2) Bl o
&B(0 %(z) = () BHX) L)

J\“sh‘wl%w.b&vf(:
75 (KB @A RW)



(SY%

USMg hodu posthow ard SPM_ o olesci el
Mg SAGAL ef o smSteunt

=Y (D tspm (1 D)
tuuou&gm& & NE) -0 spn:
F=Yspace (2(0) kspu (2, )
Twi cogesS: i % qu Sqmmﬂlﬂ(_( ‘!’g?ﬂq G.M:tl“';-u[_w,u:hi(_
‘rgem MSM(, Yspm 9‘1%‘@.2"'{1 &

Pouldd _exclusiom prindple doesnt frrbick Hagse

two Cases becounse o anh

U o how @ 4uwo PWLMS 0 ¢ TMM
SOML SPACE N ML SO Stote.

Two POW’U(J-QS M. bo {...;.{ n=\~

o (B o) sm T B

Need rp?osﬂa spih

2 St ot et of 7o LXUMSTON Prin Uplai
Not ald qUOMRKMA. W udd R4S Com g Mot SOMML_



Two akom s (H)

- 7
N L
B
~Shouldint+ he bl 4o {200 whetler 28¢ctvng
WAN L X

" Bodlh neld+ty e Mw/tmﬂhﬁc WOAL fm s

whadt T sne H-atowa way on Rouh omnd Hae othan”
v Xl e — Ao Hnrg haw? 40 ko Mwlwm:{—n”c'{ No

AG L LML *U"'l WA & SOMAL SPIV
He ) 7 (0t -t ¥ o)

?(‘L\)‘i}) [t{'uuizﬁl

(¥ (m)( | Y80 (*+ [ () (Y ()| *
% Wi () YRR talD R (L)
— Ui () YRHOW) e (VO Yg (1)

D“’b‘\ Mdhww b aud (Vo §S vy DA
A POm ST abouk LWL? WM EChbn 2 15
O™ () T () Ye () agwm

= [-L{'&*(.‘LQWE(_‘Hﬂ [\% g*('f'z_) l{’,ﬁ UL'D]
.\‘\,__r——'l-\f—.\—__—’
= Cond ravbas T i 1 has
i%t‘?t ’Pb’b"b&/ipi—\lf}ﬂ ;LM ot LA Yt
-



\Sh

Boumd states = Pm’ba,«bﬂﬂ—bl demsSIHLS Gl
. b localizadh
‘{‘w‘l‘gxt A Yg very cvuall Gv D {M%

FOY D> G den't wovky ahoust symmtiizichion
D% 1 nead 4o couwsides i

For (ownom hwng _g e (meng = do w g d R
w0 ) A0
T RRTRE Y

o~ ':-_.E—-ﬂ—'
E tp)—r Y, Eic

=03 Ao h

Charehr SHE . ?\-TO-C .l/ﬁ

Lmgach s cade
AR )\T
L L2
> <
A i
3 fov k'l-éc&f%(dm#w n-3Dcems ity

For Ac AnD3 pnem need o WY about

MM



rs1

For copper neeol+o “wovvy " for T< (0000K
oNeed ty wse quomdtm e Urand s to und i staud
conolu hion of 2l chons W SﬂfwruQ awalt GALS

Scaktan Wy 4wo Pow”can\

N

—— é__ . A®)
l % E; 2
F oo
N I geminad) portities dou =+
\ \ ‘o L4 U 0ty

. J 5 A(B +"TJ.'3

-~

( E &

\ %
"Dent biow whitin PRIl X whd e 07 Wit
QAR WM ¢ Fruohbn oCCiuwvved

P(2) = (fr @Y+ > AT Lol
Z = l A(6)- pc(-m'rr)[l = M”wl wume el

_Pmbwm%u\ o e iy
AL frown
E?&%:ﬂ%ﬂuam



34

iS¢

rloicjrec oo
|

I
|
| i
1 |
: h
|
ol
!
1
1 N
i _
*
i L L =
“ .u

—

g Lty

[ ‘.‘_‘l_‘_‘

b

._L Fu




