(@ mos-lne que : (fxﬁ)-r_{:: N : K—(fo)--L-Zntﬁﬂ :"
(C«3-F -0 ;. 5. (LxB) = - 24702

() caleyle 1 3.7 ,Y]

(d) denive Eq. (180.1).

'Spin & Ys .

inicicl - axpm‘.w\anio de Slepa - Genlach (1322)

m L he G; momaﬂ-l'o CLY'\GUQG;!

_l -
YNCG NeNico ,.U.-

Lin‘ln;ﬂsiCo) Oe SRN S

=Y pom-’.’ruﬁc. (cldssice) cm%o_ a. sabide. etres Con nNoio @ e

velocidade o

aa— 3.0 3 TR . ki ¥Rt - v a4 gem - 2 L
< ’;I' c ng_/o_ = 2¢c m L Zmc
Peniodo i
iy Lo A E (182.3)
2mc
de wodo aniéloao podemos escneyen b
I: = Q 4 g (182.2)
! ] 9
4 m e
L— c.-lon (cdimensioncl ) %cqomc:c:\m{i‘co (lgnde)
R/ eea‘-lnon (g:=e <)Y :+ =2 ( 2421 O(-l’\\
i ' ) N G = w / /
_"l .
R/ ‘pnélOn 1 % = 5549 Vinae Connecoes ERD !
pL haulnnn : 0(\) =-23,83 tilibra




CV.Peni men'lo:

1

i /| v

CoLIHADOR

DETECTOR

) R Bn)
| S |
IREA el s B = B, s b
= }(t f} T 86z
e S mees
i I

—> €= =0Q (ani-lce-ﬁ

c').'lomo (neolno\

47 4 110 {
Aﬂc\‘ : [Vn] Ld Ss

-

c.a.mx“ao mGQne.’-lica 3 B = Bx(r‘\’,) R4 BZCF:WE ; hipo’lesc Bx << 3z
2ia L

Como U =“;“:‘Q’ cﬂen%ic pol‘emc.ic-a

> F=:=-J0 = ;P‘-Z B2 7 {"ana sob élomo Ao (183.3)
oz @
[a]
- z =
Onde glz = \l\COSO f a
] 7 bﬁ/ 7
Cowo 01,1?31 < 0
Ly se mz<o (Sz2>0) Fz> 0 ("psrcime”)
Se iz >0 (S2<0) : Fz ¢ o ("psbeixo’)
Como Fz o Uz (3 C-D'OC.Q'\'lD 'lnc\\l)eldnic = expem'men*{o
C’»‘\lbmo vé €ido (J'r.‘le.ﬂmiﬂc. /u.:
(jﬁc,.asic.c.men-lc. o R s a [V IR Omewiac{c’o :u: dos &lomos de Lmb
L NCy (‘Jevvles 4 r:pac-'/o'm'c: tilibra




> nesullado eSPmadn ¥ ol

&xpem'me.nlo .

Px\‘lnra_lczwio: mnane'lon df- Goi"m

,; @)
nesuldedo phsenvedo - el '//

:u..-.lf.'a‘m = A5

-}L; / 2mc

Como -v:-060 —> /ub v _SPin eeé-[non Ss

Ly Quan*lizacla'o Mz 5 quonli-zar_c'o dos va@ones associados

(bhsenvcda) ao obsenycvel S5 = 1 .‘Z.L

De {c«lo. iﬂ‘lmpna-laqcb neso@ledos e.xpenime“iais :

Uh€enhecV o éoudcmi-‘ (1925) Pnopos-[a P.Qé.ino‘n possoul um

momeﬂlo ma%ne:l-'f:.u iﬂ4nfnseco Lspin).

Fonmo.QiS‘rno (no[o—na@o-lwfslica\ PL_SRIN S=:'2,

- -
Covnaidenon J =95

ﬁq.(.\‘to.ﬂ: I—_S;.Sj’l x .'L€i$¢5u

(1849.1)
Eq. (145.2) : 5%iswmy = Sesad) Wiswmy
9z 15wy =y b 1wy
exn Po\n-lic.uam. PL s =Yz , Jevnos Que
z v Lo i [ \ 1
S"19:=Yz wn=%t"Yey = B} 1S=Yz, =129
4
(184.2)
SZIS"-'/z:\rn'-i‘f'zS = 2k 19=vz, ynziVzS
Z
pode_mos da-[}nm: tilibra

!



1S="2_ m=4Y2>S = 149 e 1St yas-g> S\~
como diw EC(s:%2) * 25+ = 482 = napnc.seﬂlccgb openadones :
vz nizes 2x2
: OL{(ﬂin(“)O S = .:‘é_'hg . T - (T x G’L\J.CSz.\ (AR5 1)
]Eq.““JL dx = /O !\ Q‘:} = /0 —:‘\ dz = /5 0\ : ma"m‘zes
k.l 0} kl O} o -} de Tavl
(185.2)
. (Pnot“-‘an".edr;dcs ma*lnizes de r\)&hQ- (veni-(;.c_m\ X
Gy o= 1 (21,27 By Tade = @
(2) 1o G'\;J—S 2 Zié;‘g\xﬁlu {8) det @)
(185.3)
(3) S v i = g - 2S5} (&) TxGuds = ¢ 1
\J i) N ~J ~
05s. ¢
(1) pnopniedade (3) esdc nelecinncde $2:62-0 o/ 5:Y2
ST + (S +iSuad™ » 53 - %?\ t 1 (Sx Sy ¥ S45x) = 0O
-t \_.w___-ﬂ —~F
= 0
z 1
Coyn O Sy = O => (3) !
(ii) pnopniedades (3),(2) e (3) podemn Sen e.smilcs COmO :
gid; = S)i{ LI Z Eiiw S I, 'Cixos (_'585.4)
J J W« wJ 7 [Y]
L> se F\= (fks.l&g Az) g : (‘B“'Q’S 32) sab dois \fe-lone.s
usveais ow dois cPencc}ones vc.-lor\ic(s que r_‘_Omu-lcm CDyn
T - (Ix, ¥y .T2) - velon c:ud‘i:.s comP. SG0 woclnizes de Rl

tilibra




(186.3)

> -

L> idcnlidCdL‘. (E-K)(G:-{g’) - A A LE?-(K: g)

Cowen  Vpug ch,;,G’:\J « 82  seb w\:lniZes éiﬂ&&nmewle i\ndcppndenjts.

Ly v vocdniz Azvz pode  sen e

Cownop *
Az Xl € NGy A o Ty o X2 0>
(186.2)
»~ - -y ~ 3 2
~ Sod ¥ N = Yol . wady

i

onde Yo = Y2 Tn A e Ni = Y2 Yn (i A)

vnolan ¢ Cowro  InG:i =0 — Ta A = \»-o'Tn'i = 2%0

Ta(eiA) = Mo Tn®i « 7 5\, Tp (i) = % TaSi ¢ 2%i
J

“eyn pmJ;cUem. se U & ume mc‘ln‘\'z- UniJcﬁic, fg.G38B6.2)

Podo_ sen e.Sm\lc CowmO

- . N
U-=2e"(fcosw s LA T sinw ) s Tw, 0y e®
) \lenlon um-lo:uo (186.3)
Obs. * ewnn Coondencdes e.s-](e?\icr.s. ~1e.~mos Que

N - ((Sing cosP, Sin® sinP, cose)

e

L 3‘0’ = dx S‘.\’\GC.DSHP i nginBS\ﬁP + Nz Cose

=/ cosH SiNe eT;LP\

(186.4)
verisiene S

4ip
Sing & -CosE

tilibra




: SPiﬂoﬂS,
Rl boase 145,1-% do svoespaco E(s=v2) , { eros Que
o b B m Lahdll & fols B~ ) nelaoceb de (187.1)
COmee-‘eZc.
Se 4> € E(s=-2)
Ly 1%S = g qdy = 13y <t dy 4 Loy oy
TS, ———
: Cy i o
Como  Oiwn E(s=/2) = 2 < in]me_ssanle esueven o
L+s > I%sy » Ny f3) e jos = XY 2 Xo- (0
\o/ L)
Lo J%y — 1> = X = CyiNy + C.M. = /Cl.\ : Spinofl
kc-) (187.2)
onde \Ci\2a \c.\?= 1y
* openadan de no'laqc:b R/ 5ubespac,o E(s="2),
E'-c:. (A @ u:f: é *
-'.96'§/h -iea-a‘:/z
UALBY = e : e (187.3)
=105 6/2 - LA % sin©/2 Covapanon (\B7.4)
Ec{. (186.3)
notan : ';de_n-\ic)c.c)t. (18613) or A== s
(T &Y (T-AY = A%y (T .(Ax AN = L
Ly (F-HY° <1 _

e (S8 :(F. &) e, gssim, (187.3) — (187.4) tilibra




188

s acas do oo, DO'IQC_.G'O UA(B) sob spinpn X

N UALE) X = ( i cos ©/z -;ﬁ-c}?stne/-z\,‘x;

em pm-lic.on\.: se O:9% > X' -(lcosm)X = -X : ow </
Eq (170.))
3 s o 0. = ylen . Eq. (168.2):
Upe) = exp [-iaGz/z) exp(-ipTa/2) exp(-108z/2 ) (188.1)
' A 7 B S Sl | B 7

Ly mclniz de _nn'lac_'c\‘o (1733.\)

’D("Z)mm- (ot {3 ) = e_-i (15 4 'e) £S="2 v | e:;Pq.Mz 1S Y2 'S
) ':d{./ﬂmm’(!%) ’
nolan Eq.(187.4) e“pq‘ﬂ/z - 1 cos B/2 -tlcr'asm?/z
Ly dwﬂ(gﬂ . [ cos B/2 - Sinp/2 k) (188.2)
Sin /2 cos /2

Componon Bq. (174.1)

d Ifunqc.'n de ownde pcm-l;chc de _sPin-Yz,

considenon pon-l{cuea- desonida PoN_Vaniaveis Oﬂbilcis, -

AL g—\“; e Nonignveis  de Spin . Jamos que

LA, S5V eloe 83l =0 & 2 covuun-los de vanicveis

Sob ihdapewden-[e.s (188.2)

(o . . , :
e £ : f_Spa.CO veAOmGQ N Naniavers e_SPO.C-ImS‘

Ecs‘ \ " " 1 u SRV ti“bl'a




(s)
Ly £ : £9@® £ :_espaco velonic@ sas-lemo.

Se ¥y € & = Je@). <RIV gt

t funeco de  onda  da \"'_)cm-ll‘cha. (A849.1)
(3 -, - - 5~
(oo 1= ) da’ lalg><a'g) onde 1\ &> = \as®iey
G =4
'lgmo':. que
Ldy = 4 dy - J(d?rl."lﬁ’ncﬁt'*\%"» A=y L R\ kY

= (d?n.‘ PRy 1 aray ¢ PRy -y

b ¢Raky 2 F(R) W 4 b (R) - (129.2)

oWw ., em lenmos de SRLNDNS ¢

M
Ry T Y(RY « H(RING + SR XL = /%tm\

J (R (189.3)

{um:p'b de onda de 2 Comt\)onewle_‘b

. condicce de nonmaeaz_cqa‘a:

Ly = J(d?q e (V1 s Iy -8 (189.4)

 ness e CGSO,

I= L +S momen-(o aﬂ%u@_m dolc2 de {Dcm-[rcha (\8a.5)

de {alo_  Eqs. (1394.1) . (188.2):
\

I3 J;

1
K

1 - T Siy LieSy = Tyl Usi,S51 = ih €igw (Lws Su)

tilibra




Ll Gyl w Tliw By, 53l Isi.s;l: ih €ijwsSu

—1

e gl LLis Si.ail.- I Lpmel s ih € Nu

Com Ioc;aﬂn

]

TJ.‘.P:'\‘-[La+S.‘.p“}1= Lli, g

b1
7

Eq‘. (16%.2)

* it Eije Ouw

=2 - >

Le, o é-.Qtz;zbnc op velonic® J=1:8

avnanlon e

-

: dQ%zbnc op. mome_nlu

Caovaudcdones I ¢/ op. \Jelor\\c.is 5,0

-
e 2

O« e/ Gag, (165.2)

: O_Penadon dewvnsidcde,

(ve\g’c\. Sec. 16.6, Henzbechen )
considenan %?}nnn IOy 2 K & /C;\ Ci € ¢
ce & ey s 1821%s 1
b B=ixrext » xxt = fey ) (el ed) Sien aed )
Cz \C‘ZC: \C‘-Z\a

op. dens dede ps eslcdo Pono

(190.))

- ~
nolan : inp = et IR T e

(82.2)

Ccondicaoe de v“loﬂmc@izaqab

Cowmno {5 ¢ owa mc.lmz 2x 2 et Tn‘6=1:

pcda mos  eésweven

A “ - _a -3
£q. (486.2) : P=Y (14 % 5) . P:(PPy %) (190.2)
nNesst Caso, {S GSSuwle G gonmc. 3
L - ‘/z/iaPz ?,-.'9_3\ (130.3)
p\(l \ ?\ \ - ?z /

Eqe. (190.3) = (190.3) = Py - 22 (CiCn)

®
"

(Ll

2 Jwn (Cf C—?-) A ?2

2
[Edi= V8=
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@y, ,

aodens - 1 (44 REI(IB-5) - L4285 BHED)
—_—
Eq.(zes.s)\_’_ o?
= (44 28.¢ 4R B (1, B7)
i 7 v Z
!
LEQ.(%G.L) : :{5 & e.sjcdo poﬂol.
by PP | F§ & om vedon unilc&\io.: L.e., eslado do
sislewa ¢ desailo pon 2 pandwme {nos
1'nd?_'.;3e.xndew\les: !
vodan:  <dx> = Tn(pgx)

~ hInTx o+ Yo Tn(p“df ¢ PuCuts + Vo Gadu ) = P
- St /
’:P.‘ ? -—I'Q\qu +C(\37_G'!\
S i Can oY) COW\POY\e\"\l&S 4 e Z
L 3 T [ B |
> P = <gy = Tn(Ra) : velon de polanizegcd (A91.3)
Le b non - au'lovaeones ‘B ossociado ﬁS'Ic.do PUNO : 0,
ie vmos que.,
[55( = MHIN = B 3 o A Ou‘lbve.jon ‘6 c/ ouloqceon L
1
P * XX =0 + se M B X, ie XW:=0
Ls X' o.uluvelon 1"3 c/ Qu-(OxIcQun 0
vodan:  se I{S?(="X =% '/2(!«@-5’)’)(-')( =¥ (?.é)x=%§
Se X au-love.-lon {3 c/ au-lo\;c@or\ 1
Ls Vi " 6-; " " u (1‘3!‘2)

Ly P indice a dinccas spin_pandicole descnide pon X ! (lilibra




@2, ,

pon oulr\o @cda. se lD"X'= 0

-

L /2 (34D F)W =0 = (BEYW:-X . x*X':0 (1a2.1)

-

Eqs (193.2) e (192.3) : o ide“li-(:iccc.cb B . velon de poQani-mt‘jc.b

Vaweos considenon o caso %ean.

Cowmo Tn‘B = ) -> (Tnf&\z-— \

(Tnfb32= 2 4;1(51.':)({;{51:}»

’rnﬁz « 7 <t'1{3‘i><'\16u'-> = ) 14ipis\ 5 0
O A" | | S 4

|'d' l-\i

como O € op. positivo de.{;mdo

L Tap® - Zl‘j lﬁlﬁti»\’ £ Z.-J' <u;|3n>4\31:51j> = (TndY
T Eq (22.?)
]
> 0 ¢ Tnp® ¢ (Tap) - (192.2)
Eq:.(_\?,o_‘zl . {gz= /4 (5 A 'Z{)(-S"’ 4 ?2) e '/(u(zi 2-'3.(—; ¥ ’Pz.;)

il

ES v Ve (R%-14)

| Eq. (192.2) 0 ¢« 7 vl T (R2) ¢y -~ Ta (R%1) € O

>
o>

~ eslc.do pono  ( ow poéaﬂiiado)

0> o>

e miSlona eslai(slica (ow PonC|'Gémen~(e.

poCanizado ) tilibra




e p&niac.u Can, e 1921=0 ( nco - Qo Canizedo)

A

Ls A= Y2 | : Cowpanon ¢/ op. Pz, Ex.2. PQ. ‘3?

; e GN{ZGCCD

(p/ de.-lcﬂnag. Ve\.(}b. Sec. S0, lawdau e Li{sh£4z.

Ahe classiccl '”\n.:z.on:} of (ie@ds),

Ex. : Con\suﬂlo a.pcmo;-los Slean- Gen@cech en sénie
ideic : i lusdnan PosjtuQc.clos (3) e (&) .
nodacen : SGA
L dinecoo Campo 2 nao- hOmo%Eneo

vamos _ana@isan 2 coesos ¢

(Z,%)

v

(@) A'& ' ISGE sgt —>— (2.%)

@ .
() (i)

-
‘(D) e i) S6s e/ campos B weswa dineceo

Obsenvo.ccp : -'fc.ixc. SR po@cmizc:do (z.+) (_pneponcdo e.m(i\)

e Compee_icme.n-la ‘!’ﬂcﬂSmiJido Pon (ii)

C)f' i:c.lo 3

se WS> = Cilid> v C.1-> wedide idec@ 4y

R ) 62:* [ a3 (.’I\‘ ?(Sz:?)?l
{e.'uxe. '\ﬂcide_ﬂle. Pos-lu €ado (4) P(S5z-%):0

posJu Cedo (3)

waedida dead |+

Sz = P ewn l'-’-]

(tilibra




@

(z. %) (%, %)
Fr- P B r —_—
(2) Ag c6z S6% s inteveidades
( el 4 \ { queis !
(Z.-) (=) ©
G ¢ii)
=Y
"y e iy 2 S6e ¢/ campos B ewm dinecoes |
Obsenvocco -~ {c.ixr- spin polanizado (z.1) (pnepancdd em (:1)

¢, seponcdo ewn 2 {uxes de meswa indensidede

Eyn (i)
N A% €22, &3 Civ) /2 Rg (x,4)
Y2 N Ag (x,-)
(Z.4) (M, 4)
(3) R% —— $63 > S6 & 2o S6% —>— (Z,4)
=\l —— |/ (z,-)
iy &9 iy amd Giit)

C.Lv\aeisadon (iil) odiciancda oo Cov‘\\i}Uhio (2)

Obsenvo.cco -Ee_iv.a spin_pofanizedo (xs) ((pnepancdo ew i)

e Sepanado exn 2 (eixes de weswme

inlevnsidede ew (il :

Y2 N l\oé (%,4) Qi s V5 A Aa{\j (Z.+)

Y4 N Aob (2.-)

Le mbnan : au(ove.lone.s S« oo hase 14y ,\-> -

14>« = Y7 (14> 4 1->) 5 14> = Az (1a>y 3 1->x)
->x = /42 (14> = 1=3) b=y = a7 (14> % = 1= ) (194.3)
Yemos que:
L +> medida ideal | |+«
{eixe Oneponcdo Plox =) ~ PSx=4) Sx =1 em LiD) .
exn (L) Eq. 134.1) ® posdu@edo (4)

‘Oosio @cdo (3) tilibra




OV

LIS R e e o s eew s m smoues s e e g . mecg)ida 5 t 2 -(:eiges
_ o) o idec Sz
feixe ppepanado P(52=%) = P(Sz2=3)Y2 mes ma
exn (i) in-le.waidade A
nolcm Gy e Cigy) iw{o Sobne poemi:zac'c'o Sz & C.Dm? Qe.lcmewle.
pendida apos medidc Sx exn (ii)
Ly

obsenvaveis Sx e Sz nco  Sco Compairveee

Sawme  de momzﬂlos avngu lenes,

tonsidensn o subespoco Elpyz) = E(® E‘-\\Jz) Oonde
divn E(én . ’2\5;* \  base . ve.-lones \ s vy &
diva EGz) = 2121 " W L1z w2z S
s ] ~ 5 )

Considenon 1> € ECLy2) Sob Uwa no-lrxc_a'o '\n{i m-lesimcﬂ.:

Ustey ¥y s 0%aeey @ 09 gy | ¥
= ( i -je @A ft)@)(?_,_-ce 632 )1¢>
Eq. (163.3) - k R
2 [ y - i€ 6/53@12 A 11@32\\1!{> (195.1)
\ . \ 77)
Ly da{-‘.mqr{o:
j? = 3?1 @1: ¥ E;@ J2_ -~ Es v J2 momev\lo ancufon
“lo'lc.a flq52)

= -> ’
Cotho  ops. Jy ¢ J2  sco i“d&P&ﬁdeY\lel’-?

[T 32 -0 e [Jiu Jigl: ihCupedic . ;.12

LB = 4.2 (145.3)
tilibra




@9,

(1\96.8)

|_exencicio IJ«!\ 3(".5—1 = \'L eg{av Ii‘

EBas. (135.3) ¢ (196.3) consislenles ¢/ definicen 0o meno
G.Y\%UQGA {olc@ (163.3) !

P -> - =¥ =¥
Ex. (1) T=95= S51+52 Sowia. dois momm-l_o_s anauvlanes
de spin
=¥ - -

2y J 3] &5

SownG moma.ﬂios Qﬂ%uemes

Onhidcl e Spin Eq.(.\%%.%)

Considenon Hase 1 sedespago € (4 y2):

l{s {2 vy Wz > = |J\ms>®t\'}zmz> : \\\J:mt)lénm-:) (196.2)
2 2
Eq (145.2) : T e vy mey = pe(oant Wi 1o wy w2
(196.2)
J-iz. \y 2z vy N2> = \'ﬂ.'JF\ Tiy lz vy N2> =132
J J £ I | T

Vm‘(\C&-ae. que (€Xencicio) EC‘. (195.3) -

13232118 1 - 12381 -13%321+-6

by 2 35 3% Ts

pod&m sen dl'G.%O\nQQ-'.ZGC)DS RERaals) e\lO\nE‘_C-W'\?_\'\'lt. \

?odemos escneven s

2
\ LY h btz Ly
o ~J ~ [N %] [}

J2 12 vy = m't-\i\s\'z\mv (186.4)
C* e ] %) [ R |

2 ” .

Jitnie v my = uL'..-n\‘L\ Viglz | m™md v:2 8,2

J g WJ J J [\ [ y

tilibra




[daXaaYe) R/ o SUbGSPaCO 6(3;321 r
1. 1ly \2 vy WMz> <1y {2 vy Mg | = |} (\a7.3)
mlm,z‘ ~ %] J o

femmos que (i ez O gas)
T ~J ~J * L

Llalz vty = Z Ly \z my M2y <ty vz YOy ozl (v (2 1 md> (197.2)
g Jd0d UV L B L R B, | T
mymz :
pnn’x‘.mo. eic.\pa (oon dasw) : c]aJenmiwaf\.

£iv 12 vy Wz | (vf2 tmy = <y ynz Vemy Coe.-(-.'ciev\-\es de
~J J J ~J WJ WJ T

(lebech - Gondgn (1a7.3)

de gclo_ Pno'.’)Qc.an Sowme mome.wlos. = da_-l@nmincqcb (197.3)

G.Y'\%u Qanes

nalan Eq. (137.3) : elevnendo da wedniz de 4ncns{onmccgb S

cn-|m. nepnesen{c_c’o'e.s IJil2 o0y W02y = Jvy WzS
e lylz tmSy = vy
- R ] ~J ~J

vawos vVea, {‘. cen Qoe:

() b = Vis=\2) o Vta-tdzdb ) ... tyalz =L (yi4ale
J J B J ~J ’ TN ~J ~J ~J
() o= =4 =448 oo\ =8
J ~J i £ o
(197.4)
(ii) pr code poa  y,wm  ~~ SOme\nl& om e.s#cdo I\ m>
Ay Gyhevie:; Eq. LAY 2y
l‘gms = Z_ Leny m'z> L’y w'z | \ ™m > (AS2.5)

s iz tilibra




2 Jz 1ym>y = /. Jz Loy 2> <’y 'z 1y nd
m';m'z
w h 1L m> (Jiz s J'Z.z)\mg ow2d> = (rm'y s w2)h 1w miz s
{£mMi Mzl ¥
L mh <y Mzl ywmy = Z Cond s voz) h <y vz Lol 'z <m’¢m’zl\\am>
mim'z '

LN x
-

Sty om'y Snz m'z

Ls (wvn-wy-w2)h <m;m71\5m> = O

se <y mzl\\J-ms *= 0 = =My vz ﬁe_Sna de
selecco (138.1)
J-\}m» = Z J_im';rn"zv <y 'z v v en>
w-',m'z N
=< 1y,m-3d = (- +32-)1myw2> & (w3 w2y &

Len'y vz -3 >

¢ S imi @on 2L DP. Ja

u-lu'e.'zc.v‘\do E.c;‘. (las.2) vcn‘.-(:icc-se. que (exencicio) -
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