
ywedge
Q

x

P

yx2axpsypsa2xauyQ0

xps

ypfrac2assxauyQ0

Tfracm2lefts2left1frac4s2a2rightu2right

Vfrack2u2frack2leftleftsuright2fracs4a2rightmgfracs2a

Lfracm2lefts2left1frac4s2a2rightu2right

frack2u2frack2leftleftsuright2fracs4a2rightmgfracs2aQleftbeginmatrixmleft14s2a2right00mendmatrixright



2 Eg Lagi

fracddtfracpartialLpartialsfracddtleftmsleft1frac4s2a2rightrightmddotsleft1frac4s2a2rightfrac8ma2ss2
fracpartialLpartialsfrac4ma2ss2kleftsurightfrac2ka2s32mffracsa
ddotsleft1frac4s2a2rightfrac4a2ss2frackmleftsurightfrac2ka2ms32jfracsa

fracddtfracpartialLpartialumddotu
ddotufrac2kmufrackmsfracpartialLpartialukukleftusright

3 usleftrightarrow ui 5 simm discuta non posso applicare il
teorema di Notte

4 Vfrack2u2frack2leftleftsuright2fracs4a2rightmgfracs2a
ku2leftfrack2fracmgarights2frack2a2s4ksu

partialsV2leftfrack2fracmgarights2fracka2s3ku
partialuv2kuks

unicefracS2leftleftfrack2frac2mgarightfrac2ka2s2rightS0
leftpartialSVpartialUVrightleft00right

cioè frac2ka2ss2fracmgk a fraca24



u0

UpmfracS2
ESISTONO se frac4mgka1

s0

spms COL S2fraca24leftfrac4mgka1right

partial2Vleftbeginmatrixkfrac2mga6frackS2a2kendmatrixrightpartial2Vleft00rightleftbeginmatrixkfrac2mgakk2kendmatrixright

beginmatrixk2kendmatrix

Trfrack2left6frac4mgRaright
detkleft1frac4mgkaright

Se frac4mgka1det0 e Tr0 STAB

altrim det 0 un autore 0 instab

k
partial2Vleftpmspmfracs2rightleftbeginmatrixRfrac2mgafrac36ka2fraca24leftfrac4mgka1rightkendmatrixright2

2k

Tr10fracmga0leftbeginmatrix10fracmga2kkk2kendmatrixright
det 5cdotfrac4mgka4k2k25k2leftfrac4mgRa1right0

quel esistono STABqualni



5 Si ponga frac4mgkofrac215 cioè a30fracmgk
e si trovino freq piede oscillazioni attorno pt equilista

Aaleft00rightm1

Bleftbeginmatrixkfrac2mgakk2kendmatrixrightleftbeginmatrixfrac1415kkk2kendmatrixrightdetleftBlambdaArightdetleftbeginmatrixfrac1415klambdamkk2klambdamendmatrixright

m2detleftbeginmatrixfrac1415frackmlambdafrackmfrackm2frackmlambdaendmatrixrightm2leftleftfrac1415frackmlambdarightleftfrac2kmlambdarightfrack2m2right0Leftrightarrowlambda2frac4415frackmlambdafrac1315frack2m2fracDelta4frac4cdot121left15right2frac1315frac4cdot12113cdot15left15right2frac484195left15right2frac289left15right2leftfrac1715right2

frac28151

beginarrayr15times13hline45endarray15

beginarrayr484195hline289endarray



frac135frackmomega12frack3momega22lambda12leftfrac2215pmfrac1715rightfrackm

6 Soluzioni cgmoto linearizzati

0leftBlambda1Arightoverlineu1mleftbeginmatrixfrac1415frackmfrac133frackmfrackmfrackm2frackmfrac13k5overlinemendmatrixrightoverlineu1
leftbeginmatrixfrac5311frac35endmatrixrightoverlineu10leftrightarrowoverlineu1leftbeginmatrix35endmatrixright

frac1415frac3915frac2515frac53

0leftBlambda2Arightoverlineu2mleftbeginmatrixfrac1415frackmfrac13frackmfrackmfrackm2frackmfrack3mendmatrixrightoverlineu2leftbeginmatrixfrac3511frac53endmatrixrightoverlineu20leftrightarrowoverlineu2leftbeginmatrix53endmatrixrightleftbeginmatrixslefttrightulefttrightendmatrixrightleftbeginmatrix00endmatrixrightA1cosleftsqrtfrac13k5mtvarphi1rightleftbeginmatrix35endmatrixrightA2cosleftsqrtfrack3mtvarphi2rightleftbeginmatrix53endmatrixright



7 omega1sqrtfrac135km
omega2sqrtfrack3m

irrazionalefracomega1omega2sqrtfrac395
moto NON è periodico

è quasi_periodico

8
Da xPexQ abbiamo omega2s2eomega2omega2

rightarrowTrewfracm2left1frac4s2a2rights2fracm2u2fracm2w2lefts2u2right
TdeltaVul

posso interpretarla
in L

cioè LhewTVun
con Ve1VdeltaVeyVfracm2omega2lefts2u2right

partialsVupartialsVmws2
partialuVuupartialuVmw2u

Ponendo su0left2kmomega2rightsksleftkmomega2rights0

Rightarrowomega2frackm



ESERCIZIO

13n3 6 ap diff al 1ºordine

2 costanti del moto riducono le equati da6 a

624

4 L inv per rotazioni attorno asse 1 cioè

overlinevarphileftqalpharightleftbeginmatrixq1q2cosalphaq3senalphaq2senalphaq3cosalphaendmatrixrightfracpartialoverlinevarphipartialalphaleftqalpharightalpha0leftbeginmatrix0q2senalphaq3cosalphaq2cosalphaq3seoalphaendmatrixrightalpha0leftbeginmatrix0q3q2endmatrixright

Pfracpartialoverlinevarphipartialalphaleftq0rightcdotoverlinep con pifracpartialLpartialqiqi
q3q2q2q3M1



6 LTV con Vfracalpha22leftq12q22right

Hoverlinepcdotfrac1qLoverlineqoverlinepTVfracp12p22p322fracalpha22leftq12q22right
leftM1Hrightq2p3q3p2 I frac12sum_i13Pi2fracalpha22sum_i12qi2

p3cdotp2p2cdotp3leftq3alpha2q2rightq2leftalpha2q3right0
q2p3q3p2

in coord p19 applico

def

7 Con P1P1

leftprqsright0
leftprpsright0
leftqrqsright0

se rneqs perché Pi e qi dip da
widetildepieoverrightarrowqi ma non da overrightharpoonPjoverrightharpoonqjconjneqi

e guidi nei prodotti di derivate ho sempre

un fattore zero

leftqipiright0
In antisim
d PPleftq1p1rightleftoverrightharpoonq1overrightarrowp1right1

leftpipiright0leftq2p2rightleftsqrtfrac2overlinepalphaseuroverlineq2rightleftsqrtfracalpha2overlinep1seuroverlineq2right
leftsqrtfrac12alphawidetildeP2coshwidetildeq2rightleftsqrt2alphaP2coshwidetilderho2rightsurh2q22cosh2varphi241

leftQ3P3right analogo a uparrow1



con Id di Lie

p1dq1p2dq2p3dq3

overlinep1doverlineq1sqrt2alphaoverlinep2senhwidetildeq2leftfrac1sqrt2alphap2coshwidetildeq2dwidetildep2sqrtfrac2overlinep2alphaseuhoverlinep2doverlineq2right
sqrt2alphaoverlinep3senhwidetildeq3leftfrac1sqrt2alphap3coshwidetildeq3dwidetildep3sqrtfrac2overlinep3alphaseuhoverlinep3doverlineq3right

widetildeP1dwidetildeq1senhoverlineq2coshhatq2dwidetildeP22widetildeP2senh2widetildeq2dwidetildeq2senhoverlineq3coshhatq3dwidetildep32widetildep3senh2widetildeq3dwidetildeq3widetildep1dwidetildep1widetildep2dwidetildep2widetildep3dwidetildeq3dF

d28h21
Con Fwidetildep2senhwidetildeq2coshwidetildeq2

Infatti fracpartialFpartialwidetildeq2widetildep2leftseur2widetildeq2cosh2overrightarrowq2right
overlineP2left2senh2overlineQ21right

fracpartialFpartialwidetildep2sinhwidetildeq2coshwidetildeq2



8 K00 preti trasf com indip da t
c1 da dim di 7

RightarrowKleftoverrightarrowphatqrightwidetildeHleftoverrightarrowpoverrightarrowprightfrac12widetildep12frac12left2alphawidetildep2senh2widetildeq22alphawidetildep3seeh2widetildeq2rightfracalpha22leftfrac2widetildeP2alphacosh2hatvarphi2frac2widetildeP3alphacosh2hatvarphi3rightfracwidetildeP122alphaoverrightharpoonP2alphawidetildeP3overrightharpoonP10rightarrowwidetildeP1lefttrightwidetildeP1

overlineP20rightarrowhatP2lefttrightoverrightarrowP20overlineP30rightarrowoverlineP3lefttrighthatP30
overlineq1widetildeP1rightarrowhatq1lefttrightoverrightarrowP1toverrightarrowq1overlineq2alpharightarrowhatq2lefttrightalphatoverrightarrowq20hatq3alpharightarrowhatq3lefttrightalphathatq30

overrightarrowq1lefttrightwidetildep1circtoverrightarrowq10P1leftArightoverrightarrowP10

p2lefttrightsqrt2alphaoverrightarrowp2 seech leftalphatoverlineq20rightq2lefttrightsqrtfrac2widetildep20alphacoshleftalphatoverlineq20right
p3lefttrightsqrt2alphaoverrightarrowp3 seech leftalphatwidetildeq30rightq3lefttrightsqrtfrac2widetildep30alphacoshleftalphatoverlineq30right



9 Espandere per tll1 termine pop a t

ci da dp e d9

deltapitleftpHrighttfracpartialHpartialqitalpha2qi
deltaqitleftqHrighttfracpartialHpartialpitpidihOppure10

Flusso Ham coniuge H in k0

RightarrowK0leftp0q0rightwidetildeHleftp0q0right
park

dip da
t si

cancella
grazie

a d2sh21

leftrightwidetildeHleftp0q0rightHleftbeginmatrixddp0endmatrixright plefttrightqlefttright ù t0

L

fracleftwidetildeP10right22widetildeP20alphawidetildeP30Hleftp0q0right
RightarrowK0leftp0q0rightHleftp0q0right


