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onles e cpes o P00CeSSo de wmedida

Considenan: eslado do sislema c)csmi-lo Ve.lon \¥> ¢ Lmm

obsenvovel A ¢/ e.sPec_-lno d:smo_~10=
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Ly pr_descnicao sise ma qu&n*‘.c:o 3 in-,norinrqaa 2n) _obsevave(is

Cor_lne,spor"\de w(es a (59.2)

Gy 92, .., Qo e Py, P2, ..., Pn tais que

1. ik (60.3)
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[qa.qj—l=r_?;.?\‘}1=0 e 1qi.p;

vnedan » dodo  obsenvaveis Acs A(g.p) e B = B(p.9) . onde

q:Q4.92, -, 9 e Pr Py P2, ...,P0n

Ly nelacaés de camoiegeo }[-Uﬂdc:meh'lcis (60.4)
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Y, Px COhJu_niancﬂs{nnmaﬁ'o'es G2 (61.95)
possi\lee \ canbnices in{.‘m‘-l eSIMGIS
esco lhe A
Se 0.1) o¥w -> [C Ve s (s
clissiccs pegq Lq.pl = ih

[
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VYAMos  veni g{ con (6).2):

Considenan opemdono_s A< A-<A> ¢ ﬁs'—fb-<B>

> JRAB) - JABY=i€

\"\D‘ICLn : ﬁ\t

- A" - 2ALAY VLAY = ATy < (AT - (A < (AAY

como (A0 =-> A')S\ __<£\z>‘1;' AA

FE2:A)
similaon AB = <f3t>vz=Af‘_‘>

| e vab non dcsi%uchcde de Schwenz (14.3) ¢

| Larb> \2

£ <Lalay <b\b>
Se  1a> = Aluy e by = Biud
, Eq.(¢2.1)
b | iR B uy 1% ¢ fui 1y dui b ies = (AR ABY
nolaon : ﬁ\é = }.,ﬁké ¢t LAB v LA -0 BA
2 rd z 2
A A M ~ o~ N~ =
- U (AD+ BA) + L (AD-BA)Y E F s tic
.z‘k Fi Z— e Cd 2
Como <{F Y

e . _sois F & openadon henmf-!ic\no

Ls (CAMZ(AR) > | <ABY\?

LFEY2 4 Yo eyt 5, Yo L 5 i Eq. (63.2)

e Qgﬂligggeg&, P/ 1'% ¢ dege sl
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non Vvcl@on

(i) Arus = 3By | yee CondiGGo ~ de.sicaua@dcde. de (¢2.2)
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Liny SF > =0 _ Eq. (62.2)
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puNO
se X:=i( - (e®
b Aluy v Bies v (A-dad) iy =i (B-<@) uy (63.3)
Beos AsR w Weog o T\t?xl:i‘h
¢ Ax Il"pt Y Yet (63.2)

T NeNGawN Q.V\'l e

o e.-[cpc-. dc"enminac,a'o espage de diebed . escolha dos obsenvéveis

necesscnios p/ descneven o sisfewa e dC‘{enminaQG& da éQ(jo_bna

( nelocoes de Comu'!aqr:fo\ desses obsenvoveis

L RNoxi vng elcr‘:a:- : c)alenmiﬂc.c,cb base pL 0 espaco de Hiebend .

ideic s de fvlna. os possiveis obscenvavelis esco“hen o

QQ[HLJIAO ngFee‘lg de Qbswwc:ue;‘s Que cDmmle-m
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e.q., considencn A, D € ¢ CO“JUV\‘JO CDmPQt-lo de obsenvdveis

qu e CO\mu-lc.m .(CC‘.OC)

IADY - Tacel-18el=0 e

Alabe> = clabey - Blabedy = blabey @ Clabed = Clabed

L velones lave> : hase P/ espaco Od¢ ”iebhj

en PQﬂJiC_U Qon ., se <¢cbela'b 'y = %a,a‘ Sb.b‘ SC-.C-' : hase
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o k.c ~ Unico es-lcc}o labe?

Leannon pg ©32 medida simuClines das vanicveis dindwmices
__ neCaciawcdas cos obsenvcveis AR . € : mexime info

Sohne o sigicma..

n : ; b Na ha sco e 4
Ob&m\fc:_\fe.';s CCOoC = T 1 N;Qben‘! [

-

Ex - pﬁn-licuec e l-D;

Considenon : pm{\'CUec MGASSA v movéme\nlc evn J-D -

nesse ceso 3 sislewna c@lssico anéloao !

0bs.: discussco Similan Sec. V.6, Hessich, Rone m ﬁD‘lQ(;GE) Q‘—vsc'-

fonma %ence dos o%scenydveis : A - Atx.pﬁ . Ownde

X : opencdon POSicCd ¢

R " mom_gvrlo {ce que Lx. P\ - ih : dlaebne nbsenvaleis

-l | ot : ant Qci b cveis

G:UL CDY‘T\U‘IGW\

Levnbnon que : e obsenvavel A: Alx.p) => [x, Atx,pr] = ih QA
op

Ly c)e."enmiﬁmrrnb deaal'mc devnais obsenvaieis |

+Sobne © G.S‘Pe.c.-{no Op. POSiGaO X

Yamos Vmi(icm Que 0p. POSiCao apnese.n-]c. [S12a) QSP_Q.L'IHD

Co n-L:'\mm .

XAXS = XARS -~ - p < X<t (64.1)
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Lyn pniﬂaipio_ como ynedide posiqdn pmlchec esic’ e.n'in_@_-

~t0 e +C0 == o.u'lox.-'aQoncs %'+ o0 € R < 4y oo

O.e.'lmmliva : CcOovno L% Pl - it

e (W I Wy - <xypxiwy = ih <xix'> (65.3)

Se LWInY = N & &+ oo Eqs. (641) e (659 yoo 0 5 N COn‘lncc)ic_-_c'o

L> 1x'y : vionwme in{ini-lc. O <WA\XR"S> = §(®-xX") : indiceced

ESIDQ.QJV\O CDﬁ“fﬂUO !

considenon Opencdon :

-V P3/k
Uy = e " 3¢ R (65.2)
o3/
nolon: - 0*(z) = PP < ()
UGN 0G) = OO =8 y@i) op. vniddnio

[ x.u) ] - Lx.eﬁiw"‘l = ihdU = 30(R)

Je

by U - UGB % =30R) —> XUMIR'D> - URIXW®'Y = 30X

YUYW WS - YU WY = U IxD

i x(umw\w\, = (X %}(\umtxw) L UG aulovelon

oD, x ¢/ aulouceon ®a3

(65.3)

Eq.lesim), =» Ulzyyws = Iwagy e

LRy = Clxi 3NN 3 & Clwi3) € @
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() (X"IU*(ﬂU(ﬂ\‘L") = CYx" I C . 3) a3 e3 Sy = LMD

Pois Ul 0P omxlo.'r\to

Ly c¥(x" 1) COXL3) SCx"=%) = SCx"-®) => 1w, V=)

n|e

L considenendo que UMY 1o> =\ W> = c(yh1) = )

LS GRS = [ w'+3y (66.))

Como 3 & R Eq (€64 S =00 & R <00

dc*ss:c.. '(_Of‘\.ﬂ‘\(i‘-.. PI OPM&C)DF\ posiqcb X, lemos qu& H

YIRS = R'A\A'Y | -~00 <®'<400
LRIy + S(x-x") * condiceh de Onionnan‘-c)ade.
(66.2)
too
(dx'lx'><ﬂ\ £ & ﬂLQaqa'o de Covnt":ec*le.zc.
-
“> velones \w»> : bhase py es pego de Hiebod !

Eq (66.2) : equccoes ;{gndgmewn-lci.s da QQPQQSQQJQQE'Q de cQdegﬁggks.

(‘";J'é‘ £q. (40.) )

n l . o S 6 |~.

considencn velon anbidnchio \¥> € € . lewos que

4o
[¥S> = 30y = J Adx' <X'I¥S AWy ne.xl:mmcn-lc.c.c.'o de (66.3)

-0 Coondencdas vdon [

ic)cﬂ-l-i {r-iccmdo 3 ‘)‘(x’) = 4 \¥> T Conexcoo en'lne ech.c)o \dS> e

a {Q_Qqab de onde F () -

Paieiag alc:l:.a + fonmcliswa > _YNecénica

. tilibra Gabhs 40&-10 H.Q. andu Qc‘iohic
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. Qnodulo escalon,

700
(‘:\’ghlybb s dde by - J(dx' Cdal x'y<x I ¥nS =J[c)x* Y (x) Yo oxd
: - (67.3)

* Opencdan A ¢xm i Avwy &Qemenlo da mciniz que nepne_sen']a

op. A na ne_pne..sen'lcc?c.b de

caondencdes

Zw pani;c.u..ean veni {i(‘.ﬁ-St’. que o op. posiqcb e d:'a&oncﬂ

nessa. N e.pne_Se_nJ QCEO 1

LTV RAR Y = 'Ly Yy = \L'g(‘&"-n’) (67.2)

se oo, A A(x) g (35.0) , < AVwy = A d(w'-x)

Considencn op, mown endo o,

voemos _dedenwivion Lxripix!y ¢ comno Lx,pl s h
L AN IXP-PXIX> = (WW-%) Lxipaw> = (h <y
by o ey N0 5 o i b ow-x) = -ih 9 S(x"-x) (67.3)
e %! ox"

f
L iC)Q-‘f\"L'dadt L xS s - S

se F - Ftpd : Op. que pode Sen cscnido comp uwme Sehie

de PO'l'enc.ic:'; exn p, vmigic.c.—sa gque (veic Txencise .23,

Hezbechen )

(RVECer Wy = Fl-hOw) §Cx'-x1) ' (67.4)

> s o s € &  lewnos Que
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Feprtd> = ( Fepy -3 \¥y - (dwdx“ IXESL R | FCpYIRES L3 1S

= (dx’dx" Lx"> T ('i'f'\ax."> S0~ ‘ll"(i‘»‘)

= J( dxrixey FGihdw ) 2w (68.3)
Ly ¥l Feprihy - J(dx' “)’;(x‘\l:'(-tht)x')v”;(%‘) (68.2)
Cos. (62.3) - (£8.2) pem-n{le. { Qe l[ice:m Lo -ihOx : op, momendo

VCo nep. Coondencdes ~ mecinice Onduchldnia

- Sobne o eﬁpaclno do op. momenlo R

Se  Pip's = Oy lemos que na nep. de coondencdes
b iyl [ CX'IPLIX"Y LYV PY = J(c}x" (cihOw) S(n'- %) <X 1Q'
= -[{'\ch'(%‘I[‘D'ﬁ' = Plewipy

i

C}C_.-E&hindo : ‘)bp'(?\") <R Ip'y

> ik Ow 51’?‘(&‘) 2. p! ‘)’P'(x') e

/

o
PE/K (68.3)

L 50609@ eq d.‘(.:mo_nc.icQ : J’p'(&’) = <>:'11‘3‘> : J\fe_'

Eq (68.3) - 'j nestt:_c.'o soone volones O' -> -o0 <D'¢rcO , coe,

f)!;: momo_“lo QR r:.t]:;np_cmnlc ayn e.ﬁPo_e.'lno CO\I"\'L.U'\{JD.

('JQ.SSC {onmc». Pf op. momcnlo . lcmos que :

RIR'> = php'>  -m<ep'<too (68.4)

Ltilibra




{P'LP"S = $(p'-p") : Condicon de On'lononch;dade
(63.1)
(r."p' 1pi>¢py =4 : nelacco Je compge-lc.za
Y velones 1p'> = base p/ cspacc.} de l;@bent
Eqs. (68.4) o (£3.)) : equagocs {undamev\\nis da Qgpnesahlcc:e_b de
momen-]o
sobne o cle N  — qQue
P (x'- k")
M UN"S 2 S(W- w) = J(CJ,D'<X'\P"‘~P"‘%"> : IMl’J(c)p'e.'P MR
= 20k INVE Sewew) = Ne c R ! (£3.2)
z—-c‘h-l
L) by
l:rq (68.3) : ‘JLP'('&'\ = Eylvedy = J (’_‘Px/h . 0nde planc (69.3)
[Zuk
\ {uﬁqoh de ownde ps pcm-l-'cUec €ivne _ewm J- !
\no4cm : _pe R~ C.Oﬂsis'laﬂt:if:- Eqs. (63.)) e (69.2)
'P/ \/e.‘lon Ombi'lhc;\io I\Ysy € & 'Ie.mos que
[y « ). 1y = (dp' KPUYS 19> nepnaseﬂjcqa‘o de (63.4)
momen-\o Ve.-lo:x \ >
Simi Con "}’(K'} = ALYy | de{ine-sa ‘}/(P‘) = 4\?'\‘P>
. Ealv. (68.3) : penm.'-le. d(’.'lenminan a neleccao anmz_
Yy c.ompnnew]cs \/aion ¥y na nep. coondevadas e
‘}: ( \?' b '\ " W " n om e__n-l [e) tilibl'a




Prxy = <x sy s J(c)p’<x'\p'><p‘l$’> = rdp’_ e P X/ h J’(T‘)')

) o

e (70.1)
= iR/
Fipn = <1y - (dx‘ PRy W ¥y -~ ( dw_ &'V dxy
\/Q'TH—‘
: Jr\(:ﬁs‘lronfmdc\ de Fnoanoien
Eq {E8B.23)Y z %1% c.@eme.njo malmz de 'l‘ﬁCﬂS{-onmaC.c‘o S
bc..sa | D' 1:_3/ Hhese 1%'> ¢
- Sobne op. unidchio U(3), Eq. (£5.2)
‘{'\D'\C\.ﬁ‘- /
-ip3/h Pk
Gy UGy x0Ys) = e'F « e :
= ¥ s (—i">lpnﬂ s ! (-i‘}zl;ﬂ‘?_p-xﬂ \
W/ 2! # =
Eq (1%.‘1)/‘ -ih e
= X~ %
L U x VG = %-3 (70.2)

(1) se 1P> = Uy

Ly P(x) = LxiP> = LX1U Yy - (dguwum\w»u*w»
) —
"\&fl*'r,»
. (c)rc" S(\X'WE-%'}&L(&“) - d(x-3) (70.3)
by PR) o <xIeYy = g )U Yy = dw-3)
A PR ppRY = F(R-3)
/1 /N

/ \ S ! / \..x‘

|
{
|
1

7

Eqs_ (70.2) e (70.3) : ((3) : op. de -(ncnchxgcb e.§pc.cicQ em 1-D

tilibra




@,

’9:. gcvlo. 'l'e_mos que (de*c'!he.s o Cc"pl_s) :

8B/ .
Wtdy & @ ?/ *_Op. de -Lnomch..c,ao e..sPr;.c.icQ- (73.4)

- %enagzgn de ﬁggnggagggs eshacias

:_Compoanan Ec;;. (S2:1)

§ Opmar)nn e e\mQuqa_o 4e.mponaQ.

LevnD nan "l&\m?o b . pm&mc-]no NG . Ynectnica quanlfcc_
considenan + VL) 2 ech\do do sisJe_ma inSJane Lo e
I+(‘£\ ) Al AL " (K} " ": : ta ( L

hipé‘lasc.‘at (D WPy & de.'l'enm'.nc.do [ed Pan-]-'n de \Y(te)> :

P PPN Q de caovsc@idede v lido na H.& -

T

(2) Pninc(pio de sup@nposir;ab (53.3) vé@.9dn p/ in'Iem.faQo (to, b)

> pbodewmos cJe.Il'mm openadon Qincan Ut .to), {ce que

LHCEY S = Ulk, b))\ () > [(71.2)

\ Qp. O¢ equuq‘cfo ‘lem9nan

ROGAi o e-la.\:.:a: delmmir\m {on,ma Uik Ne) |

Obs.: Sec VIl 8 Hessich : Ulk.bo) denivado pi sislema consenvedive

tpostulode o openadon otido vdQide p/_Caso gence;

@/ dedelhes do discussao abaixo \/E\ECI. Sec. 14}, Hgnzbo..c.‘\m_

nolen pnof‘:)r\iedc\dcs op. Ut to) :

tilibra




D

(L) UCe b)Y = ) (72.3)

(i) 1P =2Y> = UGz, ) LY ey = UGtz b)) U b)) LH () S = Ulba, Lo) [P (L))

(ke ko) = UCtz b)Y URL LD (72.2)

Ba (7220 % Ulabo) s Uk dYUlRAeY 88 oo QWX ALY = UlEad)

e b, k) = Ult,ta)dU(to, ) =1} (72.3)

@R/ EER e VEV<<Y, DodeMOs escneven -

UCtee ) = | - ¢ e HK (72.4)

-‘\ i
T_ openom)nn Qinean de.{imdo o \poslmiom

Eqs (72.2) e (72.4) -

it s &, Lo) = ftEie b)) Uik i) = {s - i“d H{u) Ulb.to)

Ly v 0GEA e 1e) - Uitey )= - MWD U (LAY
g \ 4 IS
se £ = 0 :
ih db ) = HWUebo) y r_quac:cfa de mnuimenlo
di RLop. U(b.bo) (72:5)

® condiced inicicl + U(tobo) =\

sobne op. Hbey \fen{“m-sr’_ que R/ s&s*lewxa Que possui 0N

G-“C:e.bf\)o c@cssico op, H) ¢ similon (foame)

da gur\crdo ham i@lonicna (_\!e\_l,'a diswssdo aHaixo )

tilibra




s eslado 1P QIS

Cowmo ¥ (E+ €YY = Ultre, )1 PLIY

exyn onde wn E.L' lewos que.

LY (LS ¢+ E d iYWy = (1 - c.:_ Hm)MJm»

Jt
Ly ch d 1dny = HDIYwYyy o eq de ‘mov}wwwlo (73.1)
It pr_eslado 19(t)> : Eq. de
Schnddinaen.
. =1
‘hipéjtese. : He) openadan \'\anijicno;
L> Bq (72.5) : - it dORe) = UML) ML) (6
di (33.2)
Eq.(73.)) -ih d <)l = LE L HW (¥ 2)
Jt

nodan 't U*(kke) ¥ Eq.(32.9) = (¥)+ U(b.to) :

ih Ut(ebe) dUtbe) ¢+ ik JUMEAD) Ulk,ts) = O

dt dt

J (u*u.muu.to\) -0 —> UMbt ULEs) = 0 £ 0W)
dt

como (b td =t = UMt tolUrte) =1  Ulb.te) ¢ umnm  (73.3)

Op. unj fohio se

H (e op. henwi l iano .

L PO L PS> s <Pk | UMEB ) UL L)Y (Redd = (ko)) ¥ (ko)) ¢

P yneame do e.slcc)o ¢ pnesenvada dunan'\le eonnJga‘o -l'emPOncG. ! tilibra




+ so0€oucah (‘-ommc@ Eq. (72.%)

3
UCbbe) = & - ¢ (cJL‘ Y U Le) (74.1)

1
Lo

I"(?ﬂ(".'f‘\(‘)n Eq. (34.4) . deywnos que

B t iy
Wit be) = ) = (dumm v Lod §° (dts (cﬂ.'z Hu) H(be) +
o) Uw /]
LU te !‘-t

3 i3 o
v oo [\ (dL; dbz . .. (dLn EleRoS Blttalae Bl bu) & 4.
AN I )

1
to to o
G__eq. aciwa pode sen_gscnilc: CoO ™m0 (p/ delcl\'\es . \/:_J'c., 9%, }
E E z
utery = J Lo v [ (gve o (obe Tucs weeed o iesss)
\n/ ' L 4
N> o n.
o o to
(74.2)
T Il—l(-l.s\ RCERY H(*Lm‘l‘_\l : Pnodulu CADND eo‘&'\c_o openadones
HtD, Hitz) ... Hin)
Ex. T[ths) i—ll’u-:.‘ll = f ML) Hitz2)  se Ltz ¢ty
4 (b2) (L) se tz> ty (714.3)
Obs. Eq. (74.2) : nolan os Qam;vle.s de fn'le.&nac,c-b !
h;péle_se.: H o+ H0y) . 513Jem C.nﬁsen\la']iuo .
B iy - to)/
Eq (74.2) : UG) = 2 v [ i\ R (b . RS N (74.4)
nx0o N lf\;

Compancn EG‘%.(SZJ} e (74.4)

se H op heamidiano = U & op. onitchio !
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@, ,

05.: nolin similanidecde na fonme op. de evo€uced lamponce

) svede gy canseavedives (74.4) e 0 op. de 'lnansQat_:cfo

espacial (759,

'p/ [Shan Sisltmc Consenvciwo 2 L) o ea‘. e mov.‘menlo (?3.1)

pod& sen nesoluide ULQ:’.;?_cndu [s) anscvlz:

L)y = 7 e RN TR

o
(75.1)
o e ‘Hln‘r = Eaind
Eq_. (15.9) ew (73.3) : Lk ) C)Ch(n Ly = L Chtty Hiny - ZCn(U La ln>

> 7 [ ikdG - Eace)ins o - ihdCn = EaCa
w \ di / Jt

CEalt-t/m
by BlaR I o= Bl &

- En(t‘ho)/’f\

fq (790 + 14y = ] caia) € s (75.2)
Ll

'ﬁb'lm i

(Y O e%'|ac]o (81 ey un sis*emc consmveluuo podg S

obdide alnavés da sodugeo do pnob@ewrc de satwuelons

(indepan(‘)en-}a do 4e.mpo) (75.1)

(i) Bq. (75.2) ewm ocondo </ Eq (74.4),

(fii) Caso pan'l-'c.uﬁm : se 9 (Ee)Y = Ay = Cawlis): %\'\..'m

‘EMCL-tO)\

Ly \J(E)> = & mS aﬁlc.do aslac{owdm'o {25.3)

tilibra




@), 4

.novamenle . caso oéeno'?_. M : Eq (73.0) pan‘r‘t‘\{le_ dr.-lenmnr\cm C.

evo Pucpis -kempuncﬂ do valon espenado de 0m obsenveved

A - O‘It 4 nteac.ra'n c/ J\(’_SUeJa(‘)Os e..xPen-;me_nJciS / clcssicos :
nodan + ihd PWIAWYWL S = [ik dedarn) Atdeys
dt \ Jdt

—~———

:
%w”w = - <I (R UWK)
e

¥ <¢{L)1A(du+m>;’h\ 1 <YL OA L P>

dt / Ot

5 —

~—

3
ga?? i M) 1)

Lr» d<Ad>S = Vo TAMYY VS oA N t eq de movimm-lo {A?

P R Not 7
dt (76.1)

Y\O*Of‘; s se A+ A e JAMHMY- O - {AY & C.-le o ltm?o

L. obsenvevel A ¢ umc C.O\n's.'lcwle de mounmen-lo

Considenan Eq.(?é L) @i po/\-lic.uec. NESSa W, movimeﬂlo e -V .

€q. (768) p/ A-x e A-p .
dexy = ' (Tx, 11> e depd =V LTpMlY (76.2)
dt ik ’ dt i h
levmmbnen : deacenicro Sisiemc clcssico oﬂc‘.eoao No {-or\.mc@ismo
hami@doniang :
Xe = O 3 Pc = - OWe : Egs. de M Blle g (76.3)
C)Pr.. Dxe
Oonde.
He - Hc_(Xc.,Pc.‘) : Pc?: y MOxeY . hewmiPloniena

“m tilibra




@,

e possive? nelaciovan Egs, (76.2) e (76.3) vic o RAINCiPIio de

cgnnespoﬂdéﬂcia (59.3) -

Qi ' (1% W3S « e o Oiva ' <(IpM1Y - -9l (77.4)
h—~o ih Ope hoo ih O Xe
Covno : Ix, W1 = if\(;)\-l e Lp, Hl=-ih OH (717.2)
oP 9 %

bL» Eq (77.3) O« se poS'JuQr.:dos de qL)G‘nli:zac;cb (60)) e (60.2) ow !

Obs.: a discusswo acimea e.xempp_i(-.'ca a_consisféncie da nelocab

C.'n'lne. op. H() o o {unt.;:b Iﬁc:\mi(’lonic:ﬂc do sisiema

classico o\nleoBo .

" £q. (F6.1) pode sen oli@izade pL discodin e dedelhes, a

Ne Q&qc{o de incenleze ‘ltm?o— cnmaac_ s

Ab-AE » h (#7.3)

Lewbnan que g ihlmpnelc\c.’c.b (37.3) ¢ d.fenm-le de Np-Ax > h/2

Pois |, nesse CGSO, 'icmos 0YNG ﬁe@aqcb que evnvolve ags

incentezas nas medidas de % e P_0p nesmp inslande b .

tonsidenan Eq. (E1.2) p/_op. hami Qvlo\n-.c.no H# HR) e obsenvdveld

A+ ALY -

 Eq 6
K
AA AR = AAAE > Y2 {TAa WYY = kK | deas)
z | dt I
d AA AE > %/2 (72.4)

[ d“"/dtl

Rode w0 C)E_"(iﬂi n s tilibra




@,
ba = AA cacale do e o™ po canaclenisdice dg evougco
> s
| 0<A>gel ‘l‘rmpoan dc diSJﬁ\bUlC_C\O de pnobebi@idedes
Plan) = <Ft) 1 Pat ¥ Eq.(57.4)
o
i) = inlenano de «hmpo ccmaclenielxc:. p/ moc}i@cac,o'o do
ais'!ema.
L\- Y

lﬂl(’/\%’_}ﬂf_l(‘k(ﬁ_&‘o (17. 3)

Ca inCeale_zo. no. medida da enenaic do

Q
S, sle_ma esic". ne Qaciom:xdc. ap (I) !

Vensoes da wvnec&mica qu&ﬁl(cc_ (pic%ungs of quav\lu\m mechanics Y,

Ohs. Messich "F?epntseﬂlc-lions"

= Pic‘!Uﬂ&S l

-

rJ-'E-,c.u-dex aCimeg e

A_descniced de nm _sislc.ma C.:u&v\l\'c.o alnavés da {nnmu@aq.cb

cmo.c.-leni zode pon

() [$(tad)y Ulk.to) o 1d(e)>

e aimbm’da oma _eyoloyces

4e.mloonc.!2 Qo a;i-[ado do SES'lama e
Gy A#FAWY) @ evn caenc.e

obsenveveis sap es'{ac.ionc}n'os exceldo
on C)(‘.paﬂr)év“ac—{c -le.mpoan &%Peu'ri-[c

(7g.3)

LSS o gonmupcrda ¢ denowminede vensao de Sc.hnoc).‘ng_u_a. da H.R.

[En-lnc.lc.nlo Coxmo O \!alon WYYy & uen olade-lo auxilian na

descnicad do sisle wia quan-lico, {Onmuﬁaqo'cs allennciivas
So possiveis , desde que

(&5 e.spe.c.[no de aulovogones dos obsenvaveis SeJ& Pnes envedo

e

(78.2)
(ii) pnodulo escalon endne avlovelones 10y e es*/cdo do s:‘s«fema
LS , ¢

AN <nlds

se\a pne.smvcdo .

tilibra




DI

E“. (718.2) — C!UGWI\‘LG‘GC)CS {rsicos (Poss(ueis valones obsenvaveis

£ sucs pnobebi@idades de obsevageo ) selam t'%ucl'%

cn quaisquen Iﬁm'rnuézac;oéS,;

[k all 4{3‘.«11’5

'no“a.r;a?l :

Ldery = (o) ¢ esledo do Siedewe ne veasde Sc.hnbd;n%g‘

A — As i obsenvdye w u 53

Ls Eq. (78.2) : I s ()5 = UL, to)l Felio)

(De.'(‘i Nne-se

CPuy T UML) [P (W)S 7 UL LY UL L) I s (ko) > (73.1)

Auntt) = Uth ko) As UL Lo) (74.2)

Eq.(?‘ﬁ.ﬂ h e.slado do sislemnc. na Venseo de Hu‘unbené da H.8

EOl (?3-2] : OBSGAVCL'\;eQ. " " u W w "

Y1£55€¢ CasSo ¢

(i) e.s-lc;c)o do Sis'lemo. descm-‘o pon eScho eqlacionoﬁio fda > ¢

(73.3)

(1) obsenvaveis An (i) a?nase.nlcm evo Cuead Jamponae de

acondo cl Eq, (Bo.\ ).

Cown ponon (78.2) e (792.3) |

* Sobne ¢ evo euc;.c:o Jcmpoan de Aun e,

ih d Eq.(73.2):
Jt

tilibra




ihdAs = (iRWdU'Y Asu v ihUY OAs U 4 U*As(.-hciu\

Jt \ gv / ot Je /
e — A——
Eq.(?a.Z) = - Uy £q.(72.5) - HU
— A

= UYAsH U - UtYAsU 4 ik U'dAs o

ot

= UAsV UKD - UMD U*ASY + R UYJAs Y

ot
c)e.gimﬂr}n 2 Hu = 0 O 0p. homiClonicns wna VNS G Reiscnbeng
QA = U JAs U
ot ot
> ihdAw = TAwHW) + ik QA eque.ceo de (86.\)
dt ot

Heisenbena
o)

* sobae as condigoes (78.2),

se PAsl@ey = Own |Nad

> UYL E) As U(E,Lo)(U‘(L.Lo\ m-:.s) T Qe (U‘(L.Lo\ m.-.-.»)

e A el lauttyy = Gl Qu (S

notan - condicad () O¥ ., poncwm aolovc’.IOnes aPﬁeSenJG\rﬂ

evoloucon '{e.m‘nonae. v como Aun = Aw ()

Ls base evnloi "le.mponGQmen‘{P—.

It F¥uy v LasiUta) V(b bt Idsy = <nsl¥ed

\ condiceo (i) Ow !

tilibra




= “0‘\&!\ k]

se QAuw -0 e 1Au, Hul = ©

ot

\lio‘.(BO.ﬂ o JdAR) =0 > ohseavdveld A & owa

Jdt
constands da mouisnendp

nesse coso: Aty = Au(ks) = As = A

L~ Cnn}uﬂlo oe OLU‘ln\re'anQ'i de Ad 104> sco C:'(t no‘{cmpo [.

tilibra




®) ., ,

sGoie pL_detenwminon nelacad

i [N h‘Qeﬂ

cfcssico - qué‘“l.co RoiLs

M.C, &s-lc.rlo do !‘:.Gs.'lemc. descnilo vanicyeis dindmices

A k), B Bla), ... ¢

Venadlo de He.iseﬂbena HO. : obsenvelveis Awn = An(d) .

Siyni @on Oa.éo ., Considenon Si'&‘lem& Q‘ua\"-J\C.o c/ c-nG'Qow
M -

classico e 20 obsenvdéveis

Q: 91,9z, ... ,Gn : coondevcdcs e

Dt Pu P2, ., P momen-‘os tais qQue

Lgi,qi1 = Lpi©1=0 o [qi,p;]1 -ih

LI

Eq (80.) © dgi = ' Tqi Wl = QW

dt ik
/> i (81.1)

dPi = + Lei,H1 £-od PR W R\
dt ih oqi
noton : Eq (813 {onwc@wmenle i déndicas gs COf]f]QSPOhdew'Its
EC{G. ( cldssicas) de Ham;eion.':
05s.: volan similanidade discussad acime  cf ﬁq. (77.3) : yenséo de

Schnddingen .
(0]

Allenncdiva : |embnan que vanicuel dinGroica cldssice

Ac = Ac (g.,p. L), no Yonmae.'s-‘-mo hami€1on.cno,

eq. de mo\:ime.n'{o ( ve.j'a Sec. §.6; GOQC)S'IQ.‘\W) 4

dAc : {Ac.HY * OAc
Jb ot

(8yv.2)

Dnde {Aan} = f.J JA QW . DA o

ngaﬂvlcsas de
=l 9qi Op Qi oqi

Poresnn de A W tilibra




€

frjeﬂli{(ca ndo |

LAw Hu) — { Ac, He

i h
L Ft::s (80.1) e (BY.2) sco ‘(‘;anmenle irJe’Zn‘lu‘ccs !
’ T\O\I&Tﬁ&‘n‘lc : evolucan +EW\MQ do valon espencdo,
aodon (Pt LA I Pty = <PV UUAS U Ut Ids (L) >
= Chu i Ancery dud (82.)
Ly ddnd = o <dutAuibus = <¢dut dAw 1Y
di dJdt Jdt
EO‘ (go.v\) —
= v Kb TA R I dey s ¢hai AR Ya >
Pk ot
. J— — X —
£q(82.8) : = <d¥seer ) [ As, W 1¥s(i) » <Ps() 1 QA /O 1 s (1)
b JXAS & 1. 4TRUAY + Fol/gey v Eq(I8sY
S i b
" Vensao  de ih‘lmacc\'o,

0hs. Hessich s Inlenwnediabe ” ernesa“lclion"

fonmu Pacen iﬂlmmedicfn\'c endne vensges de Schasdingen o de
Heisenleng

a
nesse caso +Gun40 csicdos qUGnJo obsenycveis

dep endewn !as do 1l.a_mpo.

ideia :

sSeponan o pnobﬂema onigine® ew duas ponles

H - Ho +V

(82.2)
tilibra




®, ,
onde  Ho: S0€ugab conhecida, em qencl, Ho # Hott) e
v fenmo  de in-{maqc?:
c‘la(‘.‘*ne-se. op, umla}no Uo(t.to) . sol. eq. de mouimenio :
ih dUstt it = Ho Uolh be) ® Cc.i.: Ulbo tg) =1 (83:1)
dt '
e
P> = Ugleibo) Ve (1)) pslads do sisiema Vensan de iﬁ‘leno.c;a'o
_ (83.2)
A () = Ut}[t.bcﬂAs Uo(t, ko) : opbYsSenveavel " " "
(£3.3)
Ly eqs. de movimenlo :
(i) th didy - JAdUL | P (R)S> 4 Ui/ihdl‘/’s(DS\
Jt Jt \ Je 7
j-u:,t-lo = Hwi s ey
Eq. (83.1) Eq.(?3.5))

= (_U:}I‘IUUD b UL(HD*V)UQ)UL]#’S(L.)»
l.'l;\ d‘+x(t)$

Ly = Vi) \H L) eq. de mn\:imenJo (83.4)
dt L eslado 1 ¥1()d
Gy hdAr = fihdub Y AsUo 4 ih UL Ohs Uo 4 U As i hdue)
Jt (T, It \ dt /
= - Ubdo OA1/oL = Ho Uo
= UaAsUo UaHolUo - UbHoUeUbAsUo +ih JAs/OL
THn.l
tilibra




by hdAr = [Ar Hos1 o+ ibh QA . eq. de yaoviraends (84.1)
dt ot

pL_obsenvavel Az(e)

notan Eqe. (834) e (84.3) ¢

LYY 2 eyo Cuceo 4emponc@ ~ tenmo de in'lenc\c;c'a v

Ax(e) t N "\ " " nGo - inlchaewle. Mo
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ff[Ff'>= F{’\ﬁi'» ; —o0 < <+ o
RVt y = S{R» &%) = condigoo de Onlononmaen‘dadf—
(85.1)
( k) - =5 =
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<Ay = §(a’. ) 8(A'2-n2) $CA’s-ala) « S(x-x) Sy y") §(2%2")
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= (dn" A" Sl -n) VL(r\-"l = A (86.2)
J
Se op. V= V(RN => LA IVIAIFY = VAHY ¥ (R) . Eq. (35.1)
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L anipiiary = ih 8(A-A 2 -ih O §(A-R
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considenan Pm‘lftu e messG "0, cslado inicice 1¥(0)> g que :
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Obhs. - R/ dedelhes YO Vi me.'n'lo do PaCo{e de onda ve\}&; Sec. 1.3, Heasigh:
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0 eslado do sislewan ¢ C,o_mr‘:)Qe.lcme.n-le. dglgnm"ncc)o;
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= Tn(l\."nbhwaw"n(%c\) + L ANEES T (e s <)

= <divds =0

-

Vele. pa. 44
~ ~J -

“ Ta(AAY = 2 piddiaimibidy b Eq (43.2)

aeldenvodive s s velones \ny » bose p/ espaco £, lemes que

’fn(l%c»-(sl‘;\h) s 2 gy <diiaad = ) e Aavay Ll Yo

e

s <HlA (Zmnm)labn s KPOAALED tilibra




L ceaso %e,nae, Se F- FlA); Ven]{r'ca.-se que

LEEAYS = Tn(f}ﬂm) (95.1)

(2) ge op A =1\ £q. (240> , Tn(fr:) : condicgd de

nonmalizaced (95.2)

ol . {9=.%)

venigma-sa que : Tn

3>

Alewn dos pnopniededes (1) e (2), lemos

(3) 5 : op heawmiliano
(W) P+ op. positive definido :
/o \+> € E, lewmos que / Pi> o0

v
<~k\{3\~l'> = 7_ p.-<+w\-»<~k;w> = ] p;t&\»&n\’ > O : Eq‘_(zz.!)

~ A
'V%i{ica—sa que 1-p : op. pos;-lwo C}C.Einido;

d&Si%andCc}t de Schuwenz (14.3) p/ (9> e Wy »

L Ides 1T ¢ Chidd <kl

S——
=l

LS LoAiBIES = ) puladi¥nl ¢ 0 ouddiy s Jdndy 3 oy
=1

b <H1y-H1%y v o

- 0p. devnsidade {3 lenbem pode Sen u‘l;Q.‘zac}o RL_desceven 0w

e sdado Rpung .

Caso pcm-licu an,m;elmn& e_slcliSlicc de e,slc:‘dos:

Pu‘: gq_] b l‘l"q,'b' = V%>

tilibra




@), ,

Ly g (94,4 3 IFJ‘ R R A op. densideade
R/ s.‘slr.mc\ dascm-(o eslcr)o pLAO ¢ >
(96.1)
Nesse Caso ]152= LS LY IYS<Ld) = by ‘53
: :
Ls Tnﬁ== \ (96.2)
05s. : [embnen pnopniedede pnOJeion;Fq (82) « Pu- P

- 7 cnid énios oL dislingoin se oR. dewnsidade {'5 Connesponde

esYado PuNo ou misdone esledisdica s
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Ji \ dt

e
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= - UMk, te) HIE)
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Eq (79.2) : Pulr) - U'(t.te) DU Uk Lo)

= AIveE s il e f)ttauu..l.o)u*u.,t,o\ = fmo\

(100:\)

0p. densidegde & eslaciondnio na vensdo de Ne:’senh@'\g

volan . e_qui\er_nle. Eq (82.3),

(AW = Ta (Hlio) Autnr) - Tn(r‘um u*u.Lo)Asutt,Lo))

~ Tn( ik te) t{%(to\ SHENT As) = Tn({S(L)As) (100.2)
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Sis-lema. z
Possivel wnedide p/ in{o Rancicl ev\'lnop"c-:
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{5'- 2 P Leds<dbe\ = Z [;Dn,ln.»uxl (100.3)

V=l =4
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deco mpo%i cco e,:,pe.c,l necd ‘5

Pno bobi Lidcdes

Poc)emos de{inin.. % =
nobeb;2idcde s -
/P
(1 H((P\ == Z D Cn i en-lnoP"q de Shevivion (160.4)
=3 ! ‘

pi= ¢ - H{fn-o :

-_p/ estado puno
0/ _misltunc e.sjc-l»f's-licxz,. em PmJiCuem', R/ mnslur‘)a

eqoi paovevel | Pi = /w
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se r\:: : esicdo puno -~ Quilovelones Pn=0.k + [evabnen que,
nesse caso, § ¢ um Oﬂo\i}ﬁﬁl(}n
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MeximiZzendo (Aol.Y) —> op. e_ch-l-fgl.'Co (37.2)

Cps dedelhes | W'..lih Sec.3.4 , Sawunai).

p OPm&C}Dr\ densidede neduz, (90‘

(psr detelhes, vele Sec.Em, Cohen ou Sec. 6.2, Le Be@lac)

Considenan : espacgo de Ni¢berd 6 -6, ®E2

Vafones pnEs % Hege R/ SubeSPaC.o £,
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™My z 1 ey
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Fal
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Ex. V7 SPN\S S"IZ-T\D es{cdo(pono‘l Jde Sih(aee.lb (28.4)
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