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Confined hard-disks system

The system consists of hard disks confined between two parallel walls.
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Confined hard-disks system

The system consists of hard disks confined between two parallel walls.

| single-file
w configuration
€Emax =~ 0.8066
nearest-neighbor
< 7 >

»

1+

Interactions

<

/Longitudinal: pressure ([p.), longitudinal RDF (g(x)),...

high

anisotropy Transversal: pressure (8p, ), density profile,...

\Global: total RDF (g(r)), total pressure (5p),...
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Confined hard-disks system

The main idea is map the transverse coordinate of the particles in the 2D
system to different species in a 1D mixture
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Confined hard-disks system

The main idea is map the transverse coordinate of the particles in the 2D
system to different species in a 1D mixture

Discretize the transverse coordinate

w in M different positions.
_|_
™ e Here, M = 3 for simplicity

e For M — oo, the mapping is exact
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Confined hard-disks system

The main idea is map the transverse coordinate of the particles in the 2D
system to different species in a 1D mixture

2-dimensional
confined disks

i

one-dimensional mixture of
nonadditive rods

Montero, A. M., Santos, A. J. Chem. Phys 159, 034503 (2023)
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Confined hard-disks system

The main idea is map the transverse coordinate of the particles in the 2D
system to different species in a 1D mixture

i (r) oo ifr<il1
T) —
— ’ 0 ifr>1

o0 ifaij<1
0 if(lij>1

Montero, A. M., Santos, A. J. Chem. Phys 159, 034503 (2023)
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Some mathematics
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Mathematics of mixtures: equal chemical potential

Working in the isothermal-isobaric ensemble. The nearest-neighbor proba-
bility distribution is given by

1 ¢ — ij \ L — x L
gj)(m) gbz 1;A e Bpij(x) ,—Bp
where

e ©;i(x): interaction potential

e ¢: molar fraction

® Ak X \/eﬁuk
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Mathematics of mixtures: equal chemical potential

Working in the isothermal-isobaric ensemble. The nearest-neighbor proba-
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Mathematics of mixtures: equal chemical potential
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Mathematics of mixtures: equal chemical potential

Equation of state

2 Y —PPzaij
Zy=1+ A E E digjaize Pt Zy=1+4 E E @@ija—_JP or
. . ?}J
i g i
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Mathematics of mixtures: equal chemical potential

Equation of state
M M M M 2
— o — 2 A2 —Bpra;
Z, =1+ 4233 gidjaz e reos Zy=1+ A7) ) digj e e
i ©J
Radial distribution function

Gls) = D 2 $367Gus(5)
P
2

" Ao,

A

Gij(s)

(s +p) - [1- A0+ 6p)] )

29/11/2024 CompPhys24 Workshop, Leipzig.



Mathematics of mixtures: equal chemical potential

Equation of state
M M M M 2
— o — 2 A2 —BPaa;
Zy =1+ 423 digjaierea Zy =1+ 42303 ity Lo
i ©J

Radial distribution function

X M M X inverse

G(s) = Z Z @?@?Gij(es) Laplace transform
v RDF g(z)
2

" Ao,

A

Gij(s)

(s +p) - [1- A0+ 6p)] )
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Mathematics of mixtures: equal chemical potential

Equation of state
M M M M 2
— o — 2 A2 —Bpra;
Zy =144 ¢ipjaije P Zy=1+4 E E Bi9; 0 ’
i v

Radial distribution function

M M inverse
G(S) = Z Z @?Cb?@ij(es) Laplace transform
v RDF g(z)
Gij(s) = X : (ﬂ(8+ﬁp)' [I—AQQ(SﬂLﬁp)rl)__
ijﬁbz' " Y 1]
M\x[M
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Mathematics of mixtures: equal chemical potential

Equation of state
M M M M 2
— o — 2 A2 —Bpra;
Zy =144 ¢ipjaije P Zy=1+4 E E Bi9; 0 ’
i v

Radial distribution function

X M M X inverse

G(s) = Z Z @?@?Gij(es) Laplace transform
v RDF g(z)
2

A

Gij(s)

= 3%od (Q(s + Bp) - [T — A*Qs {+ Bp)] _1)@_3_
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Numerical details
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Numerical details

1. How many components do we need in the mixture?
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How many components do we need?

How many components M
do we need to recover the
behavior of the 2D system?
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How many components do we need?

How many components M —~
do we need to recover the = ;
behavior of the 2D system? ~ 10
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Bp

How many components do we need?
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Bp

How many components do we need?
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Instead of increasing M, we can obtain a high-precision
value by plotting Aj; vs. 1/M and extrapolating to
M — oo
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How many components do we need?

| :Hr i :135 Instead of increasing M, we can obtain a high-precision
100} M — 101 i value by plotting Ay vs. 1/M and extrapolating to

M — oo
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How many components do we need?

| :H, i :135 | Instead of increasing M, we can obtain a high-precision
100} M — 101 i value by plotting Ay vs. 1/M and extrapolating to
1 M — o0
l.i.0——m—m—m—m—m—m——————
10¢ : .. . |
=y j - —0p = 6.68 ]
= LO5E __3p = 3.61 ]
| 1.00f -+==+==="" emmmT T
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%00 05 10 15 0.85F e ——- mmmmmmm e
0.805 |
A %GUO 0.005 0.010 0.015 0.020
1/ M

29/11/2024 CompPhys24 Workshop, Leipzig.



How many components do we need?

| :H, i :135 | Instead of increasing M, we can obtain a high-precision
100} M — 101 i value by plotting Ay vs. 1 /M and extrapolating to
1 M — o0
l.i.0——m—m—m—m—m—m——————
10} : .- .- |
=y j - —0p = 6.68 ]
= LO5E __3p = 3.61
- 1.00k-e——2—————~ - —— ST T T T T
N 0.95 T T
- ~ ‘JE— Linear fitting
0.90|
080 o5 10 15 0.85}_.-i ------ ]
0.805 |
A %GUO 0.005 0.010 0.015 0.020
1/ M

29/11/2024 CompPhys24 Workshop, Leipzig.



How many components do we need?

| :H, i :135 | Instead of increasing M, we can obtain a high-precision
100} M — 101 i value by plotting Ay vs. 1/M and extrapolating to

M — oo

10 |
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LO5F 3,361
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Is it worth the trouble to extrapolate?
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Is it worth the trouble to extrapolate?

e The numerical method shows a very good agreement with simulation results.

—M =301 |

S Varga et al J. Stat. Mech. (2011) P11006
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Is it worth the trouble to extrapolate?

e The numerical method shows a very good agreement with simulation results.

e A closer zoom into some region reveals small disagreements.

oo
ﬁ A=1.4 ﬁ
4l —M =301 |
52 |
= |
- 1.5 2, 2
05 : > ; g - 5 0 5 3.0
. £
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Is it worth the trouble to extrapolate?

e The numerical method shows a very good agreement with simulation results.

e A closer zoom into some region reveals small disagreements.
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Is it worth the trouble to extrapolate?

e The numerical method shows a very good agreement with simulation results.

e A closer zoom into some region reveals small disagreements.
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Numerical details

2. How to compute the equation of state?
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Equation of state: theoretical result

100} , M M ;5
505 Z.’I} =1 ‘|‘A Zngiquazye Pa@is
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1
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Numerical details

3. How to compute the inverse Laplace transfom for g(z)?
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Longitudinal RDF: numerical details
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Longitudinal RDF: numerical details

G(s)=> Y ¢5¢7Gi;(s)
i
2

" A0

Gii(s) (Q(S+6p)- I— A29(8+5p)}_1)ij
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢)@2G'LJ(S) inverse
iJ Laplace transtform
2 RDF g(z)

" A0

Gy (s) (s + 8p) - [1- A2Qs+ 8p)] ")

Ly
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Longitudinal RDF: numerical details

é’(s) = i f: ¢?¢)@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
Gij(s) = 60, (Q(S + Bp) - [I— A*Q(s + Bp)] _1)1_3,
3.0— e
2 5” A=14
2.0
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Longitudinal RDF: numerical details

M M
G(s) = Z ¢?¢)@2Gij(5) inverse
i g Laplace transtform RDF g(z)
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A —1
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. analytical inversion
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i AJ; Laplace transtform RDF ¢(z)
. —1
Gij(s) = oo (Q(S + fp) - [1—A*Q(s + Op)] )ij
. analytical inversion
3.0———
2.5 W D A=14
2.0
T 15
= :
1.0 \/\/v\.,—~
0.5 |
R R T SV R
T
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Longitudinal RDF: numerical details

M M
= Z Z ¢?¢>?G¢j(8) inverse
i A;; Laplace transtform RDF g(z)
. -1
Cig(s) = 5505 (R +8p)- 1= A +5p)] )
. analytical inversion
3.0
25“ — A=14 =3 DAY N 9 %Q(n)
I ] n=1 ) 7
2.0 5
| where
& 1.5 ]
= | ] Qg’“ Z Z Z R(”) (x5 @ik, + gy + -+ k1),
1.0} \/\/v\-/—~ ki ko kn—1
0.5 with
| RO(wi0) = (2 - )" 10(z - a)
....... i) = T — « r— Q).
S R R N R (n—1)!
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Longitudinal RDF: numerical details

M M
é’(s) = ZZ¢?¢%2GU(S) inverse
i Laplace transtform RDF ¢(z)
. A? 5 ~1
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i AJ; Laplace transtform RDF ¢(z)
. —1
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a numerical inversion
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Longitudinal RDF: numerical details

M M
G‘(s) = Z Z Cb?@?ézg(z?) inverse

i Laplace transtform RDF ¢(z)
2
~ —1
Gij(s) = N0 Q(s+ 0p) - [I—-A*Q(s+ Bp)] )
i Pi i

numerical inversion

3.0
. — T T T T S S e LA —
10 dim SU(13),C(12)
11 G =1:C(2) = 11:C(3) = 55: C(4) = 165: C(5) = 330: C(6) = 462
I W T 12 C(12) = 1:C11) = 11: C(10) = 55: C(9) = 165: C(8) = 330: €(7) = 462

i 21 A=19.1

22 Nir=15

23 U=exp(A/2)/T
24 X=A/Q+T
25 H=#pi/T

2- 5 __ B A p— 1 . 4 ] ;r input ““Time = T

[ 30 Sum = mRAX,0)/2
2 0_ 4 31 forN=1lwoNr:Y=N+H
- L i 32 Sum+ =(—1)"N» REX,Y) :next

40 Su(l) = Sum
41 forK=1to12:N=Ntr+K:Y=N+H

The Algorithm EULER
! 42 SUGK+ 1) = SUK) +(~1) N = faRFX,Y)  next

[ 1
— L 3 A variant of the Fourier scries method 43
- 1 =l | 4 ‘'using Euler summation 50 Avgsu=0:Avgsul =0
t'% . {) 5 ‘applied to the M/G /1 transform (1.1) 51 for J=1to 12
—— + 1 6 52 Avgsu+ =C(I) « SUJ)
cn L 4 53 Avgsul + =C(J) = SUQJ + 1):next
54 Fun=U « Avesu/2048: Funl = U+ Avgsul /2048
55
60 Errt = abs(Fun-Funl) /2
61 °
1.0l ‘i
* 1 i 71 print “TIME = "T,“FUNCTION = "using(2.7),Funi
72 print
73 print “Truncation Error Estimate = “;using(1,7),Errt
74 end
75

90 fRfX,Y)

0 5 i 91 S=X+#
. 92 Rho=0.7
7 3 G

isY

5: Mean = 1
1/sqrt(1 +2 = S)

Gse =(1 — Gs) /(Mean = S)

95 Fs=(1 - Gse) /(S » (1 — Rho + Gse))
96 Rfs = re(Fs)

97 return(Rfs)

0.0 b

H
()
ok
W
ot

T Abate, J., Whitt, W. Queueing Syst 10, 5-87 (1992).
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Longitudinal RDF: numerical details

M M
G(s) = Z ¢?¢@2Gij(5) inverse
i Laplace transtform RDF ¢(z)

Gii(s) : (Q(S+6p)- [I—A29(8+5p)}_1)ij

" A0

numerical inversion

.

25“ — A =14

The Algorithm EULER

1
L 3 A variant of the Fourier se
5 || i 4 “using Fuler summation
. 5 “applied to the M/G /1 trans]
L 5

i 95 ¥
96 Rfs = re(Fg
B 97 return(Rfs)
()()..l....l.\..l....\.\.. —

H
()
w
W
ot

T Abate, J., Whitt, W. Queueing Syst 10, 5-87 (1992).
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Longitudinal RDF: numerical details
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
iJ Laplace transtform
) 5 : » RDF g(z)
7% L]
3.0 T
25“ A=14 _:aj —=> o0
2.0!
T 15
= :
1.0
0.5
0.0 | 5 3 A 5
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
A ~1
Gij(s) = N b (Q(S +Bp) - [T — A*Q(s + 8p)] ) - pole analysis
jPi i
3.0 -
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Longitudinal RDF: numerical details

M M
G(s) = Z gb?@?Gij(s) inverse
i ;,2 1 Laplace transtform RDF g(z)
Gi;(s) = NG, by (Q(S + Bp) - [I — A*Q(s + 527)} )ij pole analysis
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
5 r — OO
2.5;“ A=14
2.0!
T 15
S
1.0}
0.5
0.0 | 5 ' 3 4 5
xr
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
@ J2 Laplace transtform RDF ¢(z)
. —1
Gij(s) = N b (Q(S +Bp) - [T — A*Q(s + 8p)] ) - pole analysis
7% L]
3.0y Compute the poles of Gy;(s) det [T — A*Q(s+ Bp)] =0
} r — 00
2_5_” A=14 : > 00 )
, OE ' gij(x) =1+ ZAij,nesﬂ*x, Aijn = Res[Gi;(9)]s,
Ut n=1
T 15
= :
1.0}
0.5
S R T S B
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
A -1
Gij(s) = \b; (Q(S +Bp) - [T — A%Q(s + fp)] ) y pole analysis
j Pi i
3.0p—————————— Compute the poles of Gij(s)  det [T — A%2Q(s + 8p)] = 0
| T — 00
2_5;“ A=14 ] > o0 X
) 0_ | gij(x) =1+ ZAij,nesﬂ*x, Aijn = Res[Gi;(9)]s,
. n=1
= 1,5; For z — oo only s; is important:
= :
1.0}
0.5
000 o 3 4 5
T
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Longitudinal RDF: numerical details

M M
G‘(s) = Z Z Cb?@?ézg(z?) inverse
i ;,2 Laplace transtform RDF ¢(z)
. 9 —1
Gij(s) = \b; (Q(S +Bp) - [I— A*Q(s + Bp)] ) y pole analysis
jPi i
3.0p—————————— Compute the poles of Gij(s)  det [T — A%2Q(s + 8p)] = 0
E lx — 00
25‘“ )\ — 14 7 > o0 A
| | gij(x) =1+ Y A€, Aijn = Res[Gij(s)]s,
2.0 n=1
= 1,5; For x — oo only s; is important:
s |
1.0f
0.5
’ gij(x) = 14 2|A;;|e” " cos(wx + 9;), $1=—KETw
0.0 | 5 : 3 A 5
xr
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Longitudinal RDF: numerical details

M M
G(s) = Z ¢?¢)@2Gij(5) inverse
i ;,2 1 Laplace transtform RDF g(z)
Gi;(s) = NG, by (Q(S + Bp) - [I — A*Q(s + 527)} )ij pole analysis
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 —
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T 15
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Longitudinal RDF: numerical details

M M
G(S) = Z Z@?@zéz‘j(s) inverse
i A;; Laplace transform RDF ¢(z)
. —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) g l pole analysis
7% L]
3.0y Computethepolesoféij(s) det [T — A*Q(s+ Bp)] =0
25W A=14 _
l M x M
2.0} 7
T 15
S
1.0}
0.5
00b g I— A%Q(s + fp)
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Longitudinal RDF: numerical details

M M
G(S) = Z Z@?@zéz‘j(s) inverse
i A;; Laplace transform RDF ¢(z)
. —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) g l pole analysis
7% L]
B0p ey Computethepolesoféij(s) det [T — A*Q(s+ Bp)] =0
25W A=14 _
l M x M
2.0}
T 15
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00b g I— A%Q(s + fp)

29/11/2024 CompPhys24 Workshop, Leipzig.



Longitudinal RDF: numerical details

M M
G(s) = ZZ@?@?G’U(S) inverse
i A;; Laplace transform RDF ¢(z)
. ~1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) g l pole analysis
7% L]
B0p ey Computethepolesoféij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 —
l ] M x M
2.0
T 15
= :
1.0}
0.5
00b g I— AQ(s + )
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Longitudinal RDF: numerical details

M M
G(s) = Z ¢?¢)@2Gij(5) inverse
i ;,2 1 Laplace transtform RDF g(z)
Gi;(s) = NG, by (Q(S + Bp) - [I — A*Q(s + 527)} )ij pole analysis
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 —
2.0!
T 15
= :
1.0}
0.5
0.0 | 5 ' 3 4 5
xr
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Longitudinal RDF: numerical details

M M

G(s)=> > ¢7¢7Gij(s) inverse

A i AJQ 2 - Laplace transform RDF g(z)

Gij(s) = N (Q(S + Bp) - [I — AQ(s + 527)} )ij pole analysis
B0y Compute the poles of Gij(s)  det [T — A%2Q(s + 8p)] = 0
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Longitudinal RDF: numerical details

M M
é(s) = Z Z Cb?@zéz‘j(s) inverse
i A;; Laplace transtform RDF g(z)
. —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) g pole analysis
7% L]
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 _
2.01 Aijn = Res[Gij(s)]s,  anti-symmetric
T 15
=
1.0}
0.5
R R S R
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Longitudinal RDF: numerical details

M M
é(s) = Z Z Cb?@zéz‘j(s) inverse
i A;; Laplace transtform RDF g(z)
. —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) g pole analysis
7% L]
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 _
2.01 Aijn = Res[Gij(s)]s,  anti-symmetric
T 15
=
1.0}
0.5
R R S R
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Longitudinal RDF: numerical details

M M
G(s) = Z gb?@?Gz—j(s) inverse
i 32 Laplace transtform RDF g(z)
. A —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) y pole analysis
g ¢
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 —
2.0¢ Aijn = Res[Gij(s)]s,  anti-symmetric
T L5
= :
1.0} A
3 Aijn = Res|Gij(s)]s, symmetric
0.5
00l
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Longitudinal RDF: numerical details

M M
G(s) = Z gb?@?Gz—j(s) inverse
i 32 Laplace transtform RDF g(z)
. A —1
Gij(s) = N0, (Q(S +Bp) - [T - A%Q(s + 6p)] ) y pole analysis
g ¢
3.0 Computethepolesofé’ij(s) det [T — A*Q(s+ Bp)] =0
25“ A=14 —
2.0¢ Aijn = Res[Gij(s)]s,  anti-symmetric
T L5
= :
1.0} A
3 Aijn = Res|Gij(s)]s, symmetric
0.5
00l
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢)@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
Gii(s) = Q(s + Bp) - [1— A%Q(s + Bp)] -
i(s) N ( (s + Bp) [ ( 527)} )ij pole analysis

Compute the poles of CA}’E-J-(S) det [T — A*Q(s+ Bp)] =0
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
Gii(s) = Q(s + Bp) - [1— A%Q(s + Bp)] -
i(s) N ( (s + Bp) [ ( 527)} )ij pole analysis

Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0

Aijn = Res[Gi;(s)]s,  symmetric
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Longitudinal RDF: numerical details

~ M M A
G(s) = Z ¢?¢)@2Gij(5) inverse
i ;,2 Laplace transtform RDF ¢(z)
A —1
Gii(s) = s (Q(s + Bp) - [I— A*Q(s + Bp) )ij pole analysis

Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0

Aijn = Res[Gi;(s)]s,  symmetric

glj(w) ~ 1+ Q‘Aijle_ﬁx‘ COS((.U.T + 533)7 ST = —K + 1w
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
Gii(s) = Q(s + Bp) - [1— A%Q(s + Bp)] -
i(s) N ( (s + Bp) [ ( 527)} )ij pole analysis

Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0

Aijn = Res[Gy;(s)]s, symmetric
glj(w) ~ 1+2‘AU’€_H$ COS(W.T-F&Z'J;), 51 = —Kk + w

We can now compute g(z) for x — oo
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Longitudinal RDF: numerical details

M M
é’(s) = Z Z ¢?¢@2G'LJ(S) inverse
i ;,2 Laplace transtform RDF ¢(z)
Gii(s) = Q(s + Bp) - [1— A%Q(s + Bp)] -
i(s) N ( (s + Bp) [ ( 527)} )ij pole analysis

Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0

Aijn = Res[Gi;(s)]s,  symmetric
gij(x) = 14 2|A;;|e” " cos(wz + 9;j), s1=—KFTw
We can now compute g(z) for x — oo

k — correlation length
w — oscillation frequency
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Longitudinal RDF: numerical details

M M
G(s) = Z Z ¢?¢@2Gij(5) inverse
i J2 Laplace transtform RDF ¢(z)
. 9 —1 .
Gij(s) = N b (Q(S +fp) - |1 — A*Q(s + Bp)] )@ pole analysis
7% J
3.0— . ‘ . Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0
25_[\ A=14 -,
9 0l Aijn = Res[é‘@-j(s)]sn symmetric
\E/ 1.5} gij(x) = 14 2|A;;|e” " cos(wz + 9;j), s1=—KFTw
1.0} N
! We can now compute g(x) for x — oo
0.5
0.0l | | | xk — correlation length
' 1 2 3 4 5 w — oscillation frequency
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Longitudinal RDF: numerical details

M M
G(s) = Z Z ¢?¢@2Gij(5) inverse
@ 5!2 Laplace transtform RDF ¢(z)
. 5 —1 .
Gij(s) = N, (Q(S + Bp) - [I — AQ(s + 527)} )z pole analysis
] J
3.0— . ‘ . Compute the poles of é’ij(s) det [T — A*Q(s+ Bp)] =0
25_[\ A=14 N
9.0l _ Aijn = Res[Gi;(s)]s,  symmetric
\E/ 1.5 | gij(x) = 1+ 2|A;;le” " cos(wzx + 8;;), s1=—-Ktw
1.0y N
! We can now compute g(z) for x — oo
0.5
0ol | | | k — correlation length
' 1 2 3 4 5 w — oscillation frequency

29/11/2024 CompPhys24 Workshop, Leipzig.



Simulations
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Equation of state: simulations

1000+
500}

100¢

0.0 0.5 1.0 1.5 2.0

Montero, A. M., Santos, A. Phys. Rev. E. 110, 1022601 (2024)
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Equation of state: simulations

Simulations done in the { N, p,, €, T} ensemble.

A= N/L,

Simulations in the {N, L, ¢, T} ensemble are
problematic to compute the equation of state:

1
0.0 0.5 1.0 1.5 2.0 1— )\ [1 B )\Ial(e) A (1 B gj)g(gg)

High sensitivity

Montero, A. M., Santos, A. Phys. Rev. E. 110, 1022601 (2024)
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Equation of state: simulations

1000+
500}

100¢

0.0 0.5 1.0 1.5 2.0

Montero, A. M., Santos, A. Phys. Rev. E. 110, 1022601 (2024)
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Equation of state: simulations

Simulations done in the {N,p,, L., T} 1000F—
ensemble. o0
__ 100¢
A=N/L, 50}
- _
N
10¢
5
Simulations in the {N, L., e, T} ensemble are 1 -
also problematic 0.0
€

Montero, A. M., Santos, A. Phys. Rev. E. 110, 1022601 (2024)
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RDF': simulations

RDF simulation can be done in the {N, L., ¢, T} ensemble.

e=1/2 € =13/2
1 T L 3OJ L e v L B
i — A=0.90 . — A=1.0
15+ 2 I ]
. — A=1.02 - 2.5 — =12 -
- A=1.10 | : N=14 |
L 4 20j ) ]
10+ 1 i {l
Ol | & 1.5¢ ]
> s 1 > i ] y 1
sl ] 1.0- 0{%‘&74‘@'}'-
RN T |
Oil = ‘ l ‘,‘ ‘)‘ 00% . 1 1 Ll |
0 3 4 D 0 1 2 3 4 5

Montero, A. M., Santos, A. J. Chem. Phys 159, 034503 (2023)
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Statistical Physics in brtremadura

Thank you for your attention

)

MINISTERIO
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AGENCIA
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Additivity in the mixtures

. d b
Additive mixture . .
. b (a+b)/2

29/11/2024 CompPhys24 Workshop, Leipzig.



Extrapolating M to infinity

| (a) 3.4° (b)

382 L 3.2 T"=1.0"

"*ll~l~~-l~__;._______ 3 " = 5.0;

2.9} T = 1.0_:_ — : ]

N 2.81) =501 X 2-8::-““-.5.5_, _________ _}

279} 291 ]
2.56, 1 2.4¢

r [ — . . . [— . . . [ . . P . . . P _LI 1 Lo L Lo (- Lo Lo L Lo |i
2'8%00 0.005 0.010 0.015 0.020 %%)00 0.005 0.010 0.015 0.020
1/M 1/M

FIG. 3. Plotof (a) Z and (b) g(1) versus 1 /M for T* = 1 (circles)
and T* = 5 (squares), in both cases with A = 1. The lines (solid for
SW and dashed for SS) are linear fits to the numerical data. The open
symbols at 1 /M denote the extrapolations to M — o0.
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Structural properties: defects
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Structural properties: defects

At high density, a zig-zag structure is favoured, but defects might appear in the structure

12, . . . _
: —A=05—A=12 ]
10y | - =08 —A=15 ]
= | e ¢, (x) measures correlations between particles in the
“‘i 6} uppermost part of the channel.
> |
4r e The disappearance of defects in the structure evolves
: as
2 g1+ (1) o< Bpge™ PP
N
0
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Structural properties: asymptotic behavior
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Structural properties: asymptotic behavior

g’ij (LE) ~ 1 + Q‘A@j‘e_ﬁx COS(CLJZC + (5”)
gij (LE) ~ 1 + Ar,;je_m
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Structural properties: asymptotic behavior

29/11/2024

101

()

1094
107

1072

10—3 L
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gij(x) = 1+ 2|A;j|le” """ cos(wzx + ;)
gij(x) =14+ A;je "
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Structural properties: asymptotic behavior

10—
ol gij(x) = 14 2|A;jle” """ cos(wx + ;)

gij (LC) ~ 1 + Ar,;je_m

107
.
1072
, 2x107
(2)
10_40'503100"150"200 1x107 nf\ A B giy(x)
bp — -. \{L’w
AR AR e
—~ \ L VA
| (o) 5 | VA (@)
_ S ) U \L.- — g\Z
-1x107° N 4
6/ - =
A |
? 44 B | 210750 52 54 56 58 60
______ ] T
2_
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Structural properties: asymptotic behavior

10t —
, ~ — R
’é 0 gij(x) =14 2|A;,le cos(wz + ;)
~ — KT
101 gij(z) = 14+ A;je
.
1072
10—3_
107 =5 100 150 200
f3p T
““““ ]
Sy |
’ 4 B - 990 992 994 996 998 1000
______ ¢ T
2_

0 50 100 150 200
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Structural properties

In confined liquids, defining a global RDF, ¢(r), proves less straightforward compared to
bulk systems due to the loss of rotational invariance in the fluid.

Bulk Confined
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Structural properties

We start by defining the pair correlation function g(ry,rs)

na(ri,r2) = ni(ri)na(re)g(ry, ra) = ni(ri)na(ra)g: ;(|r1 — z2|)

Define n(r)dr as the average number of particles at a distance between r and r + dr

1 2 re —
_ QAT/dylfdy belch 9y1,y \/ y12)
\/7” — Yt

1
R _ 2 2
“(r) =2Ar / dy, / dy2 ¢y, 9y, N no correlations
€ € 12

~i 1
nd(r) = 2)\7“6—2 dy1 dy2 ideal gas

\/7" —y12
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Structural properties

e One can define g(r) = n(r)/n™(r)

e What is measured in simulations is n(r)

n(r)/2X

CompPhys24 Workshop, Leipzig.
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