
Newtonian Mechanics

Newton's Law
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and a unique solution such that XCE) : C-T
, T) ->/R solves our ODE

Method one: Taylor series Method two: Eulen-Pearo iteration Method three: Picard iferation
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Conservation of Energy F = -VSx
Given F(x>: 1) Calculare VCx) = -SF(x) ¢x

,
E = * x* + V(x)

2) εc4>=%-visdx
3) invert 2 to yet : x(t)="(It)

Equilibrium Points An equilibrium point (o, 0) F satisfies:

F(X) =0 (DU(X =0) is stable it : V"(x0>30
,

is unstably it : V"(Xo) < o

Phase portrait Given a potential VCX)
,
we can plot the phase potrais by:

· Finding all equilibrium poines : Determining their stability

Conservation of Energy
If EVEC" 1. % . F = -DV

,
the

Special case of Poincare Lemma
& X F = 0, ie . 6jF; =6i5j Visj E) Escalartumon VEC" J . 5 . F = -DV

It this holds
,
F is conservative

,

and E = E1/X/12 + VEx) is conserved
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Bound & Unbound motion

A projectory X : /R.
-> IR" is bound it ER30 s. + Uxcell < R HEER

is unbound otherwise

Bound motion proposit
Suppose F : /R

*
-> /RY conservative

,
with potential V c.t . -Se, ER30J. IV/S Ex s.. llx17R

then itEo O
,
the motion is bound
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Lograngian Mechanics

Lagrangian
The Lagrangian (T-V
where T is the Kinetic energy of the system and V is the potential energy

Stationary action

U is a stationary point of the action E) Euler-Lagrange equations hold:

Lx [ 8, γ , t ) = eLv [5, z, e}

Noether's the

Let &T" : XHX + aw(x) +Ocal]a be a continuous one parameter family where WIX=T 10
5 .% . LCTY

,
DTYxV

, e) = L(X, Vi), Then p:= W is conserved

Conservation of Hamiltonian

If I does not depend on time
,

then the Hamiltonian H is conserved.
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Hamiltenan Mechanics

legende Transtom
Given Layragian L , too Pj = Lug , 95 = X; want map st. X (9,p) , v24 , p). Not possible it Luj = 0 = Pj =

Hamiltonian

the Hamiltionian HS9
, p3 =Z p9j - ((x(4, PS, v( ,P)

Hamiltan's equatieus
# UCE) solves El

,
then

&
(UCs, USA)

,

pCUCes, Uces) evole accordingTo
Hamiltonian Flow
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Liouville's The Let Ge : lR
**-

> 1R*, (90, po) H) (qces, pres)

&ets = It =) It is volume preserving

Applications in Stat Mech

·

%
: /R
**
-R is a density it (i) P10 everywhere (ii) Spry19, pdadp =/

·

Toe is a density

· TheHow Is generated by a neces fied V is volume preserving D . V=0

Poisson brackets

Let acg . p) E C
*

CIR"XIRY) be an observable
,

to measure the rate of change in time of a under evolution of H

。そ a, } = uca」 = るgiapi-JpiadgiH
· 34 f, + Satz , g3 = < 3 +,93 + G3f2, 93
· [fig 3 = - 3 g, +3

。 {figiK } t}すな弧行20
Cor : if &t, H3 = o,g , H3zo, then 39 +, 93 , H] =0
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Formula page

· firy ineegral

· Spherical Coordinate
o Symmety groups
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