
Lecture 9 : classical mechanics
to Molecular Dynamics
last time :

sample from dist Plx)

by generating Markov chain
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×
,
→
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Monte Carlo gave
us one

way to do this

said that MD is an alternative

Need to go deeper on classical

mechanics to understand MD fully



Classical Mechanics
Assume our systems will be classical

F- ( ii. E ,. . - %)
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Newton's Equations say F-ma ie

Mi i
= Fi (r? . . . , rj) , 3N diff eg

if we -know Flo) and Flo)
,
andFcr)

,

everything is determined

If no friction
,
or dissipation, and know potential energy UCF)

then FCFI = -DUCT
>

lie

Fi (F) = -duty ri ( no dep on well

the total E is kinetic + pot energy

ECÉ ,-01=4mi 't Ucr) = ¥6m 1- Ucr)

momentum pi = uimi

If F = - tu , say these are conservative forces because E is canst

¥+=Em(vitivlt dI¥
divine [ a¥=IÉl¥. 11¥ = -4¥, Iii]

=m→v→a→ + -20¥; ri = E. É
- É .it -0



lagromgianhechn.io#
For conservative systems, there is another way to
so be classical problems called Lagrangian Mechanics :

LCE , it -- Kci) -Ucr) &

Euler-Lagrange ee rations
:

I. (oof! - 0% . o ( sect .
61

For D= 42mi? , equiv to
mi = - DU -- F

why is this helpful ? It applies for other coordinates , ie
where qi = fiery ,

could be diff tone for each Coard

Lagrangian Mech . is useful for some methods, but also leads

to a second generalized set of Eons
, tanned

H (i' ,p→/ is Hamiltonian and F are
"

conj . man .
"

In cartesian
,
F = in -5 ,

but generalize to

Pi
-

- offs. [ Same for fig = nigg ]
HE mi , A- ktucgl -

÷If9¥o
H generates dynamics in any cord system

the Hard L are connected by a
"

Legendre transform
" [seal -57

He.sk?fIggi-L--?giii -L [
'

ins

= utfk ]

dtIHM-EO.fig.gi.to#ipi--E-isigiitooipi--o



so
,
71 is conserved - . [ total { for

artesian ]

Phase space is the coordinates describing everything about the system
so
, ✗(f)= { q.CH , qzltl, . . -

, gift , P.CH, . . . Brats
V64 is one function of ✗

, and we showed that d¥¥ =o if the system follows

hamiltonian/newtonian dynamics
How do other quantities change with time? By the chair role formula

dau-ydt-E.PE?a&--+8F-idaPi=)-=*E.8a-q?F-pi- ¥%±q;
if wedefine { aib} -= ÷É%g¥b_pi - ftp.?b-g; (Poisson Bracket)

then we see that §F¥={a,-
A caged quantity, one that doesn't depend on time

,
i.e .

do/dt = 0 , e.q . we showed dH
⇒

= 0

So { H
, H } = 0 .

Another example , aCÉI = p-I.EE?pi
da¥ = {pi it } = -%q; = #i
dÉ¥t+ = -2 Éi , so if net force is 0

, momentum

is conserved

More advanced
, phase space density &

Lioville Egon , Chris & [or past notes ]



Moleculwtynanicssims

⇒ Molecular dynamics is an alternative idea

to solve classical equations approximately, with the
sane idea of computing (07=4×1064064

We know from before
,
if we have { qicos ,Ñ }

and 71
,
then we can generate {ÉcH,ÑtB at

any time t using É=mÉf , E- -040£ ;
or alternatively %qi= - Ri %pi=Éi

If the system is " ergodic
"

,
then as t→x

will sample all configurations { pcti , qcH} st 7Kpca,qcHFE

with eqial prob , ie 17¥ ) = PCPTÉK Your ,v , e)
so (g) = cfdpifdqo (Pif 5171918' -%(aye ,
RCN, ii. et-cfdifdg-SCHCP.gs - E ) )

& it ergodic 2A > = fig, ¥ f§tA[pctiiqctl]
In practice , need : 1) initial starting efg ( gen vet from

2) interaction energy
Boltzmanndist>



Remember we previously said d¥={A,H3=É,(¥g;d&I+¥;dP÷+ )
We can define iLA={ It , A} , iY={ 4 ,-3

" "

Otyop;) -01-109 ;
so dA/d+ = - i LA so

formally ACH = e- ittttlo)
,
but we cannot solve

this for almost any problem , and so we can use

a computer to solve these equations approximately
First

,
look at the way we can do this by looking

at Newtonian dynamics as a Taylor series
in position at small time

① -qYKtdes=qÉtdedjt-IH.net#?daIfo/+=ztocdEH~~GctitdE.vTz
) t.de/z-acH(Rmewber:d=uttYzat

Remember a.ft) = - OUCCFCH ) . ÷.

± Film¥
Also would need VCktdZ)

, can
do by finite diff

[ J=dÑd£=Ét+÷Ñ" ] or by expanding
vtttd C) = ich + death toldEY ,

but people came up

with schemes that are better .



Lets go back to formal description

d.Pldt = - %q ¥+=%p
N

- ILA --91-1,1-3=-2,¥q;%p :
- ¥p;%q :

dA/dt=EAiH }⇒ ACH = ÉÑtA(o
,

schemes to split iLt
Now

,
eA+B =/ eAeB unless [A ,B]=AB - BA -0

and can show that G- iYp,+iYq]=o , doit commote

however
Trotter Factorization CAtB-p.my/eAkPeB/PeAlziifP


