
Constant temperature

Simulation



So far
, we have seen that if we integrate

Newton / Hamilton 's Equations of Motion
,

then we conserve total energy

H k.E.tl?E

This means we sample the canonical ensemble
,

→ →
→ -7

where allrxfdpfdgstkcp.gl- E )

slates are equally likely

But we also know Hut we are much

more
interested in @Nil

, is ( N
, PID

How an me do this in Simulation ?

One way was Mc ,
where me saw

how we can use Metropolis Nk to

satisfy PTI ) a e- Me

Advantages & disadvantages of Mc vs MD
,

but there we good reasons to like MD



So how can we do this ? May solutions
.

. .

Some preserve PCI -

- Lp .gl/ae-PNPl8
'

and same only preserve PCE , & e- PUKE "

( which is often what we one about )
-

simple approaches - don't necessarily perfectly
give canonical sampling

1) T rescaling L'
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SO Violent = fitmentVcwrent

21 Beth
, sample u 's from Maxwell Boltzmann dist

( pardon velocities though means lose inertia )
, ,

⇒ canonical momentum dist

peseta subset with frequency U

So if random cult
, resource

( Anderson )



Better solutions an be purred to give canonical

sampling
Solution

'
⇐ n Dynamics Inspired by Brownian

mum

→ Fido
Effectively looks likeinducesfrom surroundings,

and dyof goingthrough medium

⇒ Fi Cx ) = - AUCH tSUCH t Fi'T
Cor mi=

- The LA t JV. CH t I ! - dark
,
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⇒ date =
- Influx ) t 01mV Ctl t turf .

radar
Lx , t

want : random torn adds Greg and day resumes

energy such that PG ) sampled @ right temp



If random
, shouldn't depend on position a on

time → way
this as written is [ white noise ]

( Fct ) ) = O

L F CH Fct
' ) ) = 26 lent Slt - t

' )

C variance )
In practice

ditldt = vdt

F =  - Pul x) - Jv CH tTEETERCt )M m

Where RCH is
a random number from # O

, D

and use this in Verlet es rations

Leimku Her & Mathews [ - 20137

Shaved [ If ]=[ '

If] dt t [ Fug, ]dtt t duff

B
= = -0

=

That doing ⑥AOA ]
"

or BAOAB method is

most robust method far sampling accurately

can use very low 8 and still get good

Sampling ,
least wasted time



Another important limit is
" Brownian Dynamics

"

i

aka
"

overcharged Langevin dynamics
"

, no inertia

I -7 I . w/ no randan farce for
a min

⇒ mduzt = TV
, UCH - violent → steps by

fluid immediately

In this limit pyo and here dpldt to

then 0= - DUDE - 8 Mvdt t PERCH
and dq=vdt

-

so dq= - Tftadtt F Rots CRegimensto ]

I#ocumiampboW
extra

,

fake position & momentum .

-

-

( Donein a special way to make other

States sampled correctly)

Ida by Nose (1983/84) ,
cheeks whether

KE toohigh or low & rescales continuously
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. T rescale

Q determines timescale over which rescale's happens

on airs
,

and has units (E) Ctf

Zd Nt 2 deniersions ( shes to be positive )

g will ensure Canonical sampling

r =
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,
SCHIFF ,
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S ( fcs , )=
Sls - s I ( soil If f ( so )=o is only zero

d 9k¥ = gkgt e- fast Htt Bka - e )
of f



⇒ r = fdpdnfdgdnfdsfdps INScs . so,

.ge#ek-H-Ps%a3gastsTn--fdpdNfdqdNfdpgiz,+eC2dtHlgkstlE
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g = 2 dtl

=

fdpdnfdgdnfdps.cz#*,,ePee-PHe-PPiko--
else

FEET

TEE
fdpdnfdqdve-BHCP.iq)

2 Q CNN , T )

So what are the dynamics that do this sampling
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Rs changed based on If Zt fake KE is



bigger or smaller then (2dNtHkgT
replace piepills , Is= Psis & d I -

- dtls

Mdt = Pfm ;
d

PAI
 = f - Siya I

d. SIDE =
52 Esta dfs # I = YgfzP%m - gkt ] - Sissy

( Time scaled
,

"
non canonical transformation

" )

-

Nose - Hoover ,
start w/ Naser &

pi
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- dukat

( k from Marlyn ,

1992 )

& Nan - Ergodic far Simple harmonic oscillator


