Contents

1. The canonical and isobaric ensembles via molecular dynamics ... 1
1.1. Classical non-Hamiltonian statistical mechanics ...................ooo s, 1
1.2. Matrix exponential . ... ... ..o 1
1.3. Canomnical ensembles ...........oouiiiiiiii i 2

1.3.1. Nosé-Hoover chain ....... ..o e 2
1.3.2. Integrating the Nosé-Hoover chain equations .................oooviiiiiiiiiiiiennnnnn.. 2

1.4. The isobaric ensembles ...........oouiiiiiiiiiii 4
1.4.1. Instantaneous stress teNSOT ..... ... .iiiii it 4
1.4.2. Isotropic volume fluctuations .............oooiiiiiiii e 4
1.4.2.1. MTK equations for isotropic volume fluctuations ............................... 4

1.4.2.2. Integrating the MTK equations for isotropic volume fluctuations .............. 6

1.4.3. Anisotropic cell fluctuations ....... ... 7
1.4.3.1. MTK equations for anisotropic cell fluctuations ........................ooiin. 7

1.4.3.2. Integrating the MTK equations for anisotropic cell fluctuations ................ 8

1.4.33. Actions of eL18% and efL22" ... 10

1.43.4. Action of ela At 11

B O g DY .. 11

1. The canonical and isobaric ensembles via molecular dynamics

1.1. Classical non-Hamiltonian statistical mechanics

Consider a dynamical system & = £(x). We define the compressibility as

k(xy) = Vg @, = %w(mt). (1)
Generalized Liouville’s Theorem states that
e V@) dx, = e~ ®o)dg,. (2)
The Liouville operator is defined as
iL:=€&(x) -V, (3)
Since #, = iLx,, we formally write
x, = ez, (4)

1.2. Matrix exponential

For square matrices A and B, we define the 2nd order integrator as
Sy() = e2BeMeaB
Sy(X) = eMATB) 1 O(N3).

The fourth order integrator [1]
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1.3. Canonical ensembles
1.3.1. Nosé-Hoover chain
Nosé-Hoover chain equations:
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Nosé-Hoover chain equations conserves
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1.3.2. Integrating the Nosé-Hoover chain equations

The Liouville operator
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1.4. The isobaric ensembles
Refs. [3]

1.4.1. Instantaneous stress tensor

Let h be right-handed row-major basis vectors.

Instantaneous stress tensor
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1.4.2. Isotropic volume fluctuations

1.4.2.1. MTK equations for isotropic volume fluctuations

MTK equations:
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Ref. [3] suggests to set
W = (Nf + d)kTT2
Q) = d*kT 7> (19)
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where 7 is a characteristic time scale for barostat.
The conserved energy
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1.4.2.2. Integrating the MTK equations for isotropic volume fluctuations
iL = ZLl + ZL2 + iLe,l + iLe,2 + iLNHC—baro + Z'LNHC—thelrmo
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1.4.3. Anisotropic cell fluctuations

1.4.3.1. MTK equations for anisotropic cell fluctuations

MTK equations:
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where 7 is a characteristic time scale for barostat. d2 in @] should be substituted with the degree of

freedoms in basis vectors.

1.4.3.2. Integrating the MTK equations for anisotropic cell fluctuations
Ref. [4]
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The actions of e*lnuctae and etlvuctemos™ can be evaluated similarly to the Nosé-Hoover chain

. A
equations. The action of eilo2? just translates p .

Since p 4 s a symmetric real matrix, we can diagonalize it as
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1.4.3.3. Actions of ¢'L12% and eil2%"
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