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Bibliograp Equations of motion for MD simulations

@ Allen, M. P, Tildesley, D. J., Computer Simulation of Liquids (Clarendon Press, Oxford, 1991). @ Classical MD — numerical integration of Newton's equations of motion:
@ Rapaport, D. C., The Art of Melecular Dynamics Simulation. Second Edition (Cambridge d?ry i
University Press, 2004). mom = Fi(r,ry, ., ry), =12 i N

@ Leach, A. R., Molecular Modelling. Principles and applications, Second edition (Prentice Hall, r; — position of particle i
2001) .
@ Frenkel , D., Smit, B., Understanding Molecular Simulation. From Algorithms to Applications F; —force acting upon particle i

(Academic Press, 2002). . . . .
@ Forces — typically derive from potential functions:

@ Sadus, R.J., Molecular Simulation of Fluids. Applications to Physical Systems, Second Edition

(Elsevier, 1999). Fi(r,rp, o ty) = VU, 1, o 1y)
@ Griebel, M., Knapek, S., Zumbusch, G., Numerical Simulation in Molecular Dynamics. Numerics, @ Conservation of total energy:
Algorithms, Parallelization, Applications (Springer, 2007).
E=Ey,+U
@ RCSB Protein Data Bank (archive) — http://www.rcsh.org/
@ PDB File Format
www.wwpdb.org/documentation/file-format-content/format33/v3.3.html
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Basic types Basic types

[l mmm e BaSiCTypes.h mmssmmmmmsm o m oo Jhmm e e DataTypes@.h == ==ssmmmmm oo m e oo

#f This file is part of the MDsquad simulation package. /f This file is part of the MDsquad simulation package.

// Defines basic real and complex types. // Defines the main Atem type

/7 Copyright Titus Beu, 2019-2021 // Copyright Titus Beu, 2819-2621

#pragma once #pragma once

#include <complex> #include "BasicTypes.h”

typedef double real; typedef struct VecR3 {
real x, y, 23 // Cartesian components

typedef std::complex<real> complex; } VecR3;

typedef struct Atom { /f strings: 8 characters + NULL
char name[8]; // atom name
char symb[3]; // chemical symbol
char type[s]; // atom type
char resi[3]; // residue name
long ires; // residue sequence no.
char segm[8]; // segment name
real mass; // atom mass (amu)
resl chrg; // atom charge (e}
real ocep; 1/ oceupancy - user field usable in VMD
resl beta; // temperature factor
real epsld; // sqare root Lennard-Jones epsilon sqrt(kcal/mol)
real Rminld; // Lennard-Jenes Rmin/z (A)
VecR3 r3 7/ position (A)
VecR3 v; // wvelocity (A/ps)
VecR3 a; 1/ acceleration (Afps"2)
VecR3 3 // forces (kcal/mol/a)
} Atom;
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Forcefield

1 FOrCes®.h ==mmmsmmmmmomc oo
/7 This file is part of the MDsquad simulation package.

/7 Contains functions for computing forces.

/7 Copyright Titus Beu, 2019-2021

#pragma once

#include <stdio.h>
#include "BasicTypes.h”
#include "DataTypes®.h"

17
void Forcese(Atom a

s[1, int natm, real Reut, real &

// Returns the non-bonded forces acting on atoms and the corresponding energy
// Reut - cutoff distance for short-range interactions

// EL3 - Lennard-Jones energy

// Units: distances (A), energies (kcal/mol), forces (kcal/mol/A).

real fpr, Rout2, Rrl, Rr6, rx, ry, rz, ri;
real epsld, Rminld;
int iatm, jatm;

Rcut2 = Rcut * Reutj
for (iatm = 1; iatm <= natm; iatmt+) atoms[iatm].f = { @eB, Ged, Bed };
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Van der Waals interactions

@ Lennard-Jones 12-6 potential (1924) —the
most common pair potential for van der
Waals systems:
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Rinin — potential minimum (R = 2%%0). 0
£ —well depth (interaction strength). _e
Uy (Riin) = —¢

@ (Ryin /T2 — strong repulsion at small r
(non-bonded overlap of electronic orbitals).

@ —2(Ry, /7)° —weak attraction at large r —
long-range attractive van der Waals
dispersion forces (dipole-dipole interactions
due to fluctuating dipoles).
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// NON-BONDED INTERACTIONS

for (iatm = 1; iatm < natm; fatme+) {
for (jatm = iatmtl; jatm <= natm; jatmit) {
X =

" s[iatm].r.x - s[jatm].roe // interatomic distance
ry = atoms[iatm].r.y - atoms[jatm].r.y;
rz = atoms[iatm].r.z - atoms[jatm].r.z;
fpr = oeo; /1 initialize f/r
P2 rx Trx+ry Ty +rz oz // squared interatomic distance
if (r2 < Reut?) { /1 short-range Lennard-Jones interactions

// Lorentz-Berthelot mixing rules: Rminld - Rmin / 2, epsl] - sqrt(eps)
Rminl) = atoms[iatm].Rminl] + atoms[jatm].Rminl3;
epsL] = atons[iatm].epsld * atoms[jatm].epsil;

Rr2 = Rminld * Rminld / r2;
Rré = RF2 * Rr2 * Rr2;

ELD 4= epsl] * Rr6 * (Rr6 - 2e8);

fpr = 12e6 * epsl] * Rré * (Rré - 1ed) / r2; 1 frr
1
if (fpr) {

atoms[iatm].f.x += fpr * rx; at
atons[iatm].f.y += fpr * ry; at
atoms[iatm].f.z += fpr * rz;

s [jatm
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