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Se De,_p_n_a_s_e.n-lac_cé ops Jx e Jz7 : mlen;zcs %

L‘» Al OE;. 3-5 3 ‘s LYNGa s nania Pnr\c.
'lc.mos que : Kot Yo = E \(ot:‘g\!o = -;
Vo OSx VYo = + Sy Yo S:‘, Yo = - 51\1 (256.2)

Wo Sz Yo = s+ Sz tilibra




@) .,

: '.)Y'\i'lo}\i(): Velc Eq (249.2)

podewos rJe.gir\-;nz 0D

(257.3)

\ / oS, C\f\'li-Uﬂi'ldnios

- - - = -y
Como = onB's A -~ Yot oV ' Y Xts o

-YEY : = F

630': -3 - Y«oF woX"'

%5 == B b YloSudeW's ¥a¥'s <L
0S40 ': -5y = YwoSywoY': -YSyY'. . Sy

o= %, 2

& E A G
devnns Que. : Yaxt:- o \/;5\/ = \:3

(2537.2)

YS\;Yll: &S\_} \(SZY*"SZ

de.{\'wr\icg'b oR. uoidaiie Y

nodan + op Y Yﬁod(?ra apencs os C‘.Ompon&hi& do op. de spPin

de {cio. op. X similen op Nolaceo spin

B:=% (w04 eixo \
. i Dy / h
> V¥ - e (257.3)
LTS =
lﬁq. (257.3) : O - e 8/ % Vo 0P. iNVeNsSCGo [NVENSGO

+emPoan (Pm-l{c,uec c/ SPM)

(257.4)
evn ?mli::uean pL spin- Y2,
im Sy /R i Ty/2 , .
En‘ (\B1L4) - ;‘?,l > = e = | cosT/2 -t.(‘f:l.J Sin /2
Ly @« ~iqusly : Op. invensoo lemPOan Q/
.DomJ;c_uQ.c spia Yz (26%.%)
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sobne op. 6%

como duase invensges 4e.mponcis sUCesSSIVaS  nao

al dencm O Sislema. le mos Que

%1dS = cIl¥S . CcEe & e \e\s (228.1)

'no'lc\n:

©31%y - g (0% 1¥v) - B(ci¥v) . C¥(01¥>)

—~ Eq. (258.3)

2 (1¥> v @\ ¥y = ¢ (1¥y s ews)

= ci¥s v cFlady) = 1k v cf o1¢s)
T [N i
Ly c=c*-¢c' ® 1ecl=1en =y => c=%1l : depende da

ncivneze Jdo s.s-‘;mc!

'*E.YY\OS qUE-.l

OX 1Yy = +1¥> (258.2)
T Sw/ta -i"\"\”-:.-:)/h -2%% Sy /%
Eg. (257.3) 6°- & Y %o e Lo = e
sty /%
-2y Ly
Como [Sﬂ.L\A] = 0 e e 'Y i, Poc)e.mos escneyen
27 Iy /W
6% - ¢ = Uylo-2%) o Jy:lysSy (258.3)
Eii. & o_u-lt:\;e_lone,a ops. 3% 2,

Lemboon Eq. (193.1) + Yo (0,03 = AV Yo te.d)

Ly < 1012wm> = ¢Ai1818mn> GY,.mte.m : Yo Yo (©.9)

= Yo (o.£) = (3 Yo (e )

tilibra




s B1llwm> = (A8, -m> (259.3)
(G50 %enc(l . como 07;8" . -3 ~ 1:6--©132
L~ Iz(@l\\]m‘»)= -SSzléww = - QCmt\ ljm»\, = -mt\(\eums)

- S
Ly @1y o 1i-wms _Eq€2993) by s e eV iy my
N \J <

~

> §+ (Y
~
el v 1 | inlaino.
L] ~J
5 Y -m
™ \ |
8% 1 wmy - Q/e‘%(-s\ H.-ms\ e (W e () imy i
e Y & Fi 8% ~t
-/ A\ Semi-iﬂ-le.mol,
™ .2
Coyng  (=1Y s (gyt™
T % 2m iS8 -2Zm
L 02y wm> = 0 (' " () \1,-m‘:\ = & (-c) e (L) Vimy
= < J 7 5]
3 Zwm . l
] (i Wl o 20 Lywny = -1ywed D/ wn: Seeni-indeine
exyn NEeEsSuYNno
' § m
Oiywn>y = e (-\) 1y -y § = 8¢i)
(2592
2 2§ :
O 1yw> = (=3 "y ey : oW ¢/ Eq.(258.3)
N VeNnS o l‘e.mponoe_'e c.on'\\loc.;:b coprqxc
devide B siwmilenidede swlic B ¢ &
Ly C}t’_lfiwnic;c:b ¢ s A e 15 ous. Qiviegnes deis que
eane! - (2549.2)

Ly opn. A (.“_.OW\PQe_xo C..D\n\gu_%Cdg op. D (e vice-vense)

tilibra




_LLﬂ

e Ponlic.ueo/\..

se OAB' -+ A oD, A e owm on. necd (260.1)
se. R - -B : op. D ¢ um op. ima%;nﬁnio RuNo
#imponla“le: conceilo LomPano # conceilo oD, Gd\gunlu
&OﬂjU%CdO (255.3) (hﬂwnJiawo chSoacdo\
- similan Podemnns de.ghnin. .
01¥> - veloon C_Dw\jl)Qa\c.n con\\}u%cd_o vedon ¥
(260.2)
volan ("vouya®)
Ve S X n » N oYy
sovnenie se O%=41 Y
- volan :
(i) B©*-13. npesse caso , "volLTA" (260.2) Ow

> o possive@ definin om yedon R

-dcganigab . se ¥y ¢ e que B 1¥Y = 1¥>

by A% & xyen welos Aepl (260.3)

\/eni-(;icr.':- se _que ¢ pnssiuee conslnvin ome bese {Emmc’dc

pon vedones nears (de acondo <l oL T (260.3) )

o/ espcco vVelonicl E
f LSPCC

i) B%: 4 L WERCP. SRSt Wos € posswaQ de.-l(;mm \ra-[an @;
2
Como  © = -1 -~ oty - e
€q.(250.2)
/ q

7~
nodan <~¥t(61~3’>) = <~&l(e*w»} s - <~.1.'1(9Hr>\, * 0

Ls 1%y e seu c.c. O1¥S sco = (260.4)
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'q)e.%e.nene.scaﬂdc de. \Znomens

hipdlc.se. . JH.el1: o

se  HI¥s = Evys

b o (u¥s) - p(eks) - @ (Er¥s) - E(e1yy)

nolan - sobespago E: Ao awlevelsn £ & revenienle wal. a.;

nesse  Caso leoepns 2 poss'.biQidcdo.e

(L) ¥y * o1¥> : e;ﬂeonmaﬂit daPP_nr'se“-(es
((L) \¥S> b pl¥y " ihde.\::pandeh'lc.s
se () Od =~ B\¥> = a\¥S - lonv=\

L 221y = B (anys) = gfeiyy = lan vy

c.e. (Y ow SOWQ‘(\'lt. se 6%y,

Eq. (260.4)

S e Qz=-5 5 ¥y e ©1¥%Sy sco b

Ly aula\fc%n l';_ e . N0 YNivyynD, (‘)upeclmev\]e-

~

de_%enencc)o v Qece cic ens 6

Ex. sislewne ¢/ wiomeno {xopon  SQins $= 2

ey %encﬁ. (261.2) ~ d&%_g_ﬂm_p_g.g._'éﬂmc eﬂlne esjcc)os

SPin VR e  SPin down .

!

-
® Be.l + newnoven CJe%evxenesc:Ewcic.

consi denon sis-le,mr: sob campos e_ee.‘lm'co e mcgnéI-CO'-

Moo = Ho + ahd « 3.8 1 qbR)

velea F’C‘i‘ (1345) tilibra



@2, 4

viedan : 1o, &@y1 = o0 , pois dR@)ye® ¢ loal-o0

1o, 581 +0 , nois 1068140

-

(nesse  cesSo . B s pmame.-lno exdesino )

-

[Q.K':ﬁ'l tO . goig [9.51*0

Ex.: ops. {ensonicis e.s{efncos:

(u.}
Se ST(% et = -\ T

(262.1)
(«) F
Ly q . pon S0D  ivnvensco lo_m(r\nncﬂ. ok
l'm_DCIf\ " L] (91 e}
\/en'\-(;{ca-se, que
(W (5% o %
ca‘é‘m*\’\'% \o.’ém‘>='!6. <d'j',-m'l'f-a=\ol\}_—m‘>

® l?onpmc de. Wi%m[\— Ecdond (215.2)

*
Zaia T e gy =% 3% Sy ™ pevs
e )
(%)

hipdle_sa ¢ AN 4

) -
b () = 0 se i) T™ osan $05 © ¢ W iwmpan

(i) " Y Do W “ v PG/
1

Lexnhnan Eq (246.2) : mome_ﬂ-lo de rJipoQo ch’lniCo

-

d - Jia;n; Eq.(254-3)? d ¢ pan sob ©

[45%
aq-
-
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aleon disso . d o vm 0p. ve.-lomr:@. - L=\

-

L> <o¢$mld ld‘\va = 0 devidn iviyaniancic ~[-c\mponci?-

Se  isdyeny eslcao e_'s-ldc.u'ov\cﬂnin“

do sis-le_ma

lembnon s <¥1dayy = O, DI aclova @on L wc(o-ddo(\)g,v\endo.

I Ags = B KN @

s e/ pcmic)c.c)e_ de{imdc.

_;anm.c_d_n_%a_\%a (calibne),

( p/ dc_-lc-_lhea uc.é"c. Cap. 6, Desai )

-r -

'I_e.mb_nr.n | (‘amPOS E ¢ ® o lmmos po‘(e.ncic.is

escalan ® o veldon K (sisleme gaussiane) .

2% =

E'—"Vd)-LOLK e g'—'\?s!l (263.\)

[}
o

-

- 5 -y - - - - .
onde E - E(Rt) , B:-3@ W, d:-P@R. L) . A- AR

L He i | -{es 5 s [alo o)
R~ A= K+ 3n
b > ¢'- @ -louX (263.2)

onde X = X(&.t) + (uaced anbidndaic

eq. de mowime.n-lo pm’lic.uaa MGSSG ) C.anaa G sob
- =
Conpos E e O ¢

d (m?)

dt

ol
40
FammS
Ty,
+
<,
x
o'y
|~

) (263.3)
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Coxno (263.3) {nvon;cn-(e. sob 4nons-lr. %c.n%e. (263.2)

" " A "

Ly Aa) e Y (k) @

momanlo cawov\sccmeﬂlo COﬁklju%ch. Eoi. (131.4),

(4 R pmi(cu@c\. MGSSG W

. Coanaa g
U E.]

* Mecdanice c:;uanlicr: ;
-y -y
sob coenpos E & (‘S'

EQ‘ (138.8)

c.‘}f\z + q&)

T

\

oD, YY‘\OW'\Q'I'\-\Q

(yensco de Schnddi ncag.n\

d- Q. t) . A: AR : OpS.

7= (g -\ qi\ 0p. velocidede : Eq.(432.})
m A c- r 1 1]
GlPaoebne : Laeagey s ok S e Pandils ik QCiiw Ve
@) O == < = < mzc. o
inicical ea. de wmovimenie op.veeocadcde.
(vensco de \-le.ise,nben%),
Eq (80.AY + ihdVi = TV, Hul v ihoVu
dt ot
[Ju, Hul = U*TTHIU
Corno [vitl = | vi bm¥V 4 gl

Lo 72 T_\ic.\/E'\ v g lvi, oA

VA
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: I.\h\/jl = T.\f:.\f‘{,.l\/\'\a \ \/\;‘)T_\fi \1‘51 = t\"\O‘ GA‘E\A(B“\}\& 4 \f\gﬁ)u)

mic

- a'l?a_ q ei\gu(\{g Dw - E\{‘Ju)

wmZc

c[vi, 81 = o r?{.(b'l = | Oi(_b T.P\'.ﬂi-l"—-;t\ i d

m m ™

1

-\'e_mos que (\fcni'(icmx\ 3

-> - = =N - - =5
codis = b oo (Jux® - Rxdu) s o (-9& -\ de LT (26%.3)
gL 2o ¥ © 7 X I 7
E‘b

Jensean H. 8, eq e mO\fime.ﬂlO (263.3)

- SoDne a. invaniancic de %auede:

'Eq.(iéé.ﬂ: basaibloasews pmlicuec Nno %o.u%e_ (&, R)

Simigm -lamos que

(265.2)

H= ' (8 - taqr) +ad'
A 1 ’ L

[

: hamte-lonmfwo pm-{{c-.;ec. no %au%e (3)'.1”:')

c.nn'\un-lo% (.Eb.K) e (@’.K'\ neleacionados vic a

-!;ncuns(. de aguge. (263.2) .
i @) o)

nolan Eqgs. (z64.)) e (265.2) :» W ioveniande  sob wlnc\ns‘(;. ovae :

 PNSxima ei&pc: dedessainan op. unidcnio Ux CoanS?Ohde.nie.

Considenan 1 ¥'> = Uy \¥)d
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_/_/_

Cowmo _ec. ¢ @dssice + ALE) o Y () fnr)e.pa»nden{e escolhe

do R sivni@an condiggo (23).2) , lewos que

LU R Ox ¥y = <diatyy =

<Y I AL &Y

\ congdiGeo )

., n e -~ / i
& MR L AL =~<+\Ux(\p-1ar\'\uxl~&'> = (TIPS
[ NV
/
ﬂ()Jﬁn:zE\'-l -~ '-<‘P'l(6"-"a-‘\l‘§’5
o I E— ”
1le.mog. que.
UxnU'n s R (266.3)
- = 4 - o
Ux (S -taAYOx = & -1 g
< < 7 ¥ FIR
(266.2)
o erS’U"x - B -1lq A - UxAO%) =8 -1 aq7¥%
T T T ' < 7 T C v
e —
-
n
R'-N - Jx

Eas. (266.3)  (26€.2) : (‘)e-f.n{c.ab op. onidchio Ux

viotan : Eq. (266.3) => Ux - Ox (R, b)

- e

Ly Un® O = @) e Ox A0 = AR

como Ux = Ox(aAt) o Ux : op. onidenio Rodevnds esStneven
i F(R, L)
Ux = €
dessa f‘o MG, tilibra




261

/

/

: F -k JF Eq.(zas.z): EE.aY = | o K (R )

e

L> OUx = m.:;( q X /4

(262.4)

Vomos Vemlr:icon gue G eqg. de Schnddinaen & (vuanicnle

sob  awe  Yaansl de chu%e.
T U b

Eq. (73.1) = ihdi¥edy = M@ dw>
Jdt
Lo h UxOWS = Ux KON Ox IV
ot
covno g ((Ux1¥>) = dOx by + Oxdidd
dt Jdt dt
e d (uxiesY = L ux o' s ihdox 0 )L Ox\Ey)
N, I \ PSS £
dt dt
M . - o e
LS ' (267.2)

de Ec.-\o. lewmos Que

Ux 0% = | U’Y.(;"S'—qu\ru*&Um(é’-LqX\,U*« s g Uxd U
2w = “
e’ Y B .\ g A q &
v r L W
b [ dux\Nut = b g\ (9eXIUKOR s -1 g e X
\dt / \ he / & "

Ly o' - Eq. (265.2)
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on \;:)onl'i(‘ue_m. na Nep Ae coondencdcs,

Eq. (32.3) ® hawmi@loniane (264.1) :

ibhd ¢y = ihoed @) = ¢R i vE >
gt
L (hOuvd (R E)- = | (\--.'t'\s’-:;tx‘x)z*}‘(r‘i’..t) + 9 (.t)
2w (268.)

(262.2) ® he i Cldoniens (765,71

simi @an Eq.

th ov PR LY = (_-:H?“- Vo R 9@ 1 q OHIE D

c“

e (268.2)

Eqa. (2¢8.3) e (268.2) nelocionades vie o lnonsg. de Qovges

R - ire X
-

7%
§ —~ & -6 -100X

(268.3)

> = o N
V@ = PR - caromidns - Y gppy

v.e., 50b uwmg -Lﬂcmsl(. de %au%e O {as«z da {Zjnqah

de onda € modigic:c:c)c'.

[

tilibra




___LL

: ’rnansgonmarjﬁb de (elilew (pt delelhes vele Sec. 4, Baéé’an-lim-)

vdeve. s eadodas o tevoridwcis do siglewioc sob vwna

'*nq\n-’-‘.g\onwchh Ae Bcl:ilecw

* Vewabnan + wnecinice c@lssice

) g
}- Ut~ 2 g:=I% : yelociclade
1
, %, X! REF «' waal. ReF w
) o'

/

rd

¢ / S "
2z z plo 1 (x.4,.2) : coondencdecs REE K

(wyhz') = n G

p/ b=V =0

femos que + X' x-ut
ey : 'rnc:.nsg. de GeQi ey
z': 2 _ (dnans{. paseiven
t =t
OQw ., p/ uwmao -lncw:(, g-liw: : X' = xa ot
MR
Zt =2
-t

> caso gencl , O Ve Cocidede RefF ¢ nnd. REF Y

Fal

L -
¢ eixos ecv /M e’'c de vnos que
-

t -~ t (26%.3)

YN e caxce C‘!uahlic.c:'

lDI ‘lnans{. Ae Gcéf@eu. (ciivc] ~ ¢Ssociado op Uﬂi-‘dnin

U ()
L cativnidng tiliora




- =3 - -
- nolacen + ALY r AWGE) o V) = Va (b)

* no-[an : \T{b) : 6D, ve Cocidede ; C): N Pmamtlno de 'lmms (:

Se  1¥'S = UGE)YS

by (W RMWLY'S » Y0 A0 LYY = <¥ iR ¥y 3 ot

T condiceo ~ Eg. (269.1)

como \¥S & onb;lna}wio_. levnos que

Y A ULFY » ACE) 4 Ot

ow U ) O3S = vy - &t (270, 1)
d : USRI T3 vy -3 (270.2)
Jt

wmd UG FWOYEY - B - (270.2)
dt

nNeese Caso

Y(t) = da. = | Iﬁ?(t). Hul eq. de Weisenbeng (80.1)
dt % O
€
fE) - vh V() (270.4)
considenan , Caso PMJI.CUQM. t=0 : 4ncms|f. ins -\Enlcm.c: de
Ga@;éem
Nesse ccso 1 mlb:0) x nulkioys s = v

-

J(t=0) = Ju (L*0) = Ve = ¥

F,qs. (270.\) - (270.3) :




- - ’f-\ -
UGy v Jwr) = U

E, & -~ =~
US) ¥ O3 = Vo

(27\\)
= —_ - - -y
DD & O¥(F) = O - oqnd
considecn  uwme 'l'ncm[:, in{milcsima@., Euby (r <2 3.
Por}amos escne ven,
- R =2
UFY = | - (-6 + 00" (2721.2)
F 1
op hmmi-lric.\no. %mac)on de bood
ﬂo*c.‘\n'-
- - & - - -3
UG P U LS = 0 -wg

[\ -1 JxGu\ Dy (44 JKGu\ =
T " ;O T

P: - wnd;
W 7 = 3
O -t JUeGue, iV * 0D % 0 - mJ;
| t —J T 9 J
L ) Ju L Buw. 01l = - he Ul
W LI ]
Ls i@u o: \ = -\‘P\mg\(i o]V 8 IG(.D'\X="‘k\mgii
LI} o LB 3

sivai an (\le.ni{.‘w\ 2 [G;'ﬂ.“;3= (0]

e L6, vi\ « -ih 8§

Cowa U(@':\O(S:.\ s U(Cf'.n 31] -~ 16:, G‘.‘-l + O

-

Pesavao deo(\)-.‘anc cé@nc\c)on G

[6.‘.65‘__\= (o]

LG, AR « 0 (tr0)

LGi,vin = ik Sy (231.3)
LGi. pj 3 = -iwabh Sij

L messe pondicols ¢ 3.mT tilibra




@D_s s

noton Eq (230.0) + 0p. G ¢ ouw %encc)cm de 'lncn.sQC:Cro'lS

de velocidcde

ngpgggg CJ/ l_;’g. (231.2) o] 4ncnse¢;gg£s g,s:;)c,c.;ccs:‘.

2 P! (Ve nls] ‘lﬁCﬂﬁ‘Sr fn_L =8 U'

| Eq. (273.2) g5 - R SR T (232.1)

- p(_)rfxiv-nc. g.-lc:PC- T v en -[;ican que

-y -”

G = -van (272.2)
s vVamos cownsigdencn 2 CesoS,
() pan-l.‘c.uec Qivae s/ spin

Ega. {2205 & (292.2) ¢ I Gi v enn gl e
[ G tyvofi, @i 1:=0 (272.3)

ve_nig-ica—se- que. :

Se ap. O & dc@ gque JO. a1 =0 = 0% 0(J)

W W W W 1 I [ O, ‘.:Djll 10 = (0O +# O La

”
> ge os ducs condiceds 0¥ ® Pon-lfcoa.c s/ _sSpin => 0 )

tq. {2323y —> Gi: -wmai 4 Cii

Lc'na e C

aotan s [6e Lyl = €um [ 6 Rupml = -imbh €yui v
ow L 6i 1yl = it €iyw (-wnnu) (272.4)
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213) 4 -y
Se G w0 sl —G=-mx [ é PEE® R'an) O\:.). ve.lcnir:ﬁ
(Companan Tas. (3653) o (272.4)
e CeovnSonan que . Niesse CESO, E‘f\
- sobne o -(Conmc g bewtOdsnuweun W i'nvaiCnvle. sob
lno«\sg. de GchQew.
\!en'.gcc.-se que (ua\l."c. 9%. 276 [g.l-'l'\ = =i \;'; (273.3)
® Eq. (272.2): T W1 - ih e (213.2)
™

. . z
Ly ewn QAINCTIO - H - %)

no*cm K

RoLs pml\’c.u(’.c Ciyane \‘nvanicnlc

L H-pfpen , @iV = [iduoi) = O
sob 4nmse‘;q.—.a asPcc;cQ

e _Eq.(233.2)
LM -o/2m ail =0
Ly H-pY2m oy oo H= Eoit p® (273.3)
Zzm

H R/ pomnl\'cuac Biuni. & iwn\fanic:v\-lr‘.

sob '\nc.ns{-. de (el Ce.

Eos D) = Loy . o¥%2m \ = 4h o
T T ¥ ™ oad

v 3 Tn‘i.l-l'\ z Lﬂ\;’.

Ly clg‘ de Ne."SQﬁbqu (B0.3y) ¢

Feiy - 92 - ) TRum dat s 1 B v ranusleale
ot ik m !
c/ Ec:{. (270.4)
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(2) Pnn-\.‘cuec sl spin ® po*le_ﬁc.ica ewt-lenno..

nesse caso + V) - "'h‘ LA, Hul : ow » (274.1)
[Giagl:-0 e T6iviV: -ikhSig: ov, (";’M.?_)
MGS , e pnineliRio | 5&)# Y

: "\imt’_)cilcsz : EQ‘ (272.2) * OWL e CiQ%c.bnc (274.3) * ou

- sobne op. velocidcde v

. LV:-P;/m.Gé’—k = T\J.‘.G}Il : [.‘Pi/m. Gél = O

A -

=;k~gi\;‘ = ih &
t Eq. (2 F5.¥)

1€q.(272.2) [ vi-9i/em,n;1: 0

- - =
Como Lai,aiN:0 => podewos esCneven Vi (S - A(n.\)
A15)
(274.2)

- ¢obne o hemiPlonicwe H

= g z
se Ho= ' (§ - AH)
2

- =3 > z
A Hom 1= v (DWY- A(R))
3 ™

-3
L, wvi(v)

ﬂ.ﬂlﬂt lChlo.

LW-Hooai)l = T W -YwVgd; , ail
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@D s

= Lo, ) "/zm(\ijL\f\.;.ﬂ:"\ ¢ [\}\\;.ni'l\f&} = 0
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