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p [Pa]

p [Pa]

Simulation at constant energy and volume

] . Input file ex1-fixed.txt:
1.004 104 : title=" Sinmulation at constant energy and vol unge’
. X - H
#oo----- initial parameter values ------
h nt ot al =6. 02214E23 # total nunber of particles (1 nol)
n=50000 # nunber of sinulated particles
:I_O4 — mass=4. 64951E- 26 # mass of particles [kg] (N2 nol ecul e)
box=1.0,1.0,0. 25 # initial box size [n]
i t enpi ni t =300. 0 # initial tenperature [K]
seed=3771 # random nunber generator seed
dt=2. 0E-5 # tinme step [s]
9.96 X 103 — wal | mass=0 # boxer: mass of novable wall [kg] (O for rigid wall)
r heat =1000. 0 # heater: heating events per particle and unit time [1/s]
rm x=100. 0 # mixer: mxing events per particle and unit time [1/s]
N dt print=0.001 # tinme interval for reporting [s]
dt ave=0. 001 # tinme interval for averaging [s]
9.92 x 103 1 report="Ti nme, St ep, Tenper at ure, Vol une, Pressur e, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’
) # quantities to report
' #plotfile="start*.grf’ # plot file (* will be replaced by an increnmenting counter)
#o------ stage-specific paranmeter values ------
T I T I T I T I T stage=" Equi | i bri umi
0 0.1 0.2 0.3 0.4 0.5 duration=0.5 # duration [s]
\Vj [m3] t enpheat er=0. 0 # heat bath tenperature [K] (O for adiabatic)
wal | mass=0. 0 # mass of novable wall [kg] (0 for rigid wall)
pressext 0=9977. 4 # external pressure at start of stage [Pa]
pressext =9977. 4 # external pressure at end of stage [Pa]
1.004 x 10*
10*
9.96 x 10%
9.92 x 10%
]
T | T | T | T | T | T

TIK]
0.5
0.4 -
0.3
&
E, . .
>
0.2 -
0.1 -
0 T | T | T | T | T | T
0 100 200 300 400 500 600
TIK]
Ener gy- Ener gy0- Heat +\Wor k © -9.0949E-13 J
Total work done by system : 01J
Total heat brought to system: 0J

Total entropy change : 0 J/K
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Expansion into vacuum

Equilibrium Expansion into vacuum
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10*

9x 103

x 103

~pP[Palw

x 103

6x 103

5x 103

104

9x 103

x 103

~pP[Pa]w

x 103

6x 103

5x 103

0.48

0.44

0.4

> 0.36

0.32

0.28

0.24

Expansion into vacuum

0.24 0.28

T 1T T
032 036 _04
V [m3]

T T 7
0.44 0.48

Ener gy- Ener gy0- Heat +\Wor k

Tot al
Tot al
Tot al

wor k done by system :
heat brought to system:
entropy change

-3.638E-12 J
0J
0J
0 J/K

Input file ex2-vacuum.txt:
title=" Expansion into vacuumni
initial

paranmet er val ues

nt ot al =6. 02214E23 # total nunber of particles (1 nol)

n=50000 # nunber of sinulated particles

mass=4. 64951E- 26 # mass of particles [kg] (N2 nol ecul e)

box=1.0,1.0,0. 25 # initial box size [n]

t enpi ni t =300. 0 # initial tenperature [K]

seed=3771 # random nunber generator seed

dt=2. 0E-5 # tinme step [s]

wal | mass=0 # boxer: mass of novable wall [kg] (O for rigid wall)

r heat =1000. 0 # heater: heating events per particle and unit time [1/s]
rm x=100. 0 # mixer: mxing events per particle and unit time [1/s]
dt print=0.001 # tinme interval for reporting [s]

dt ave=0. 001 # tinme interval for averaging [s]

report="Ti nme, St ep, Tenper at ure, Vol une, Pressur e, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’
# quantities to report
#plotfile="start*.grf’ # plot file (* will be replaced by an increnmenting counter)

stage-specific paranmeter values ------
stage="Equi | i brium
duration=0.5
t enpheat er=0. 0

# duration [s]
#
wal | mass=0. 0 #
#
#

heat bath tenperature [K] (0 for adiabatic)
mass of novable wall [kg] (O for rigid wall)
external pressure at start of stage [Pa]
external pressure at end of stage [Pa]

pressext 0=9977. 4
pressext=9977. 4

st age=" Expansi on into vacuumni

box=1.0,1.0,0.5 # initial box size [n]



Adiabatic expansion

Equilibrium Adiabatic expansion
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Adiabatic expansion

10* 4\
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a .
6 x 10% .
.
\'~
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\"-.
4x10% 5 \\\
_I'I'I'I'I'I'I'
0.24 0.28 032 036 04 0.44 048 0.52
v [m?]
104 | ﬁ‘.-
s
}I'
T 2
£
.'f.
8 x 10% s
.ff-
g
= s
a P
6 x 10% s
rd
Ve
. -~
P
v
4x10% -
T T T 1T 71 T 1T T
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TIK]
0.52
0.48
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. 04+
™
£E .
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0.32 — \\__
.
. ..
0.28 S
- \\
y "o
0.24
LA DL L T 1T T
200 220 240 260 280 300
TIK]
Ener gy- Ener gy0- Heat +Wor k -9.959E-11 J
Total work done by system 1365.7 J
Total heat brought to system: 8.3095 J
Total entropy change -0.021761 J/K

Input file ex3-adiabatic.txt:

title=" Adi abatic expansion’
initial

nt ot al =6. 02214E23
n=50000

mass=4. 64951E- 26
box=1.0,1.0,0.25
t enpi ni t =300. 0
seed=3771

dt =2. OE-5

wal | mass=0

rheat =1000. 0

rm x=100. 0

dt print=0.001

dt ave=0. 001

3o W O H R H W

paranmet er val ues

total nunber of particles (1 nol)

nunber of sinulated particles

mass of particles [kg] (N2 nol ecul e)

initial box size [n]

initial tenmperature [K]

random nunber generator seed

time step [s]

boxer: mass of novable wall [kg] (O for rigid wall)
heater: heating events per particle and unit time [1/s]
mixer: mxing events per particle and unit time [1/s]
time interval for reporting [s]

time interval for averaging [s]

report="Ti nme, St ep, Tenper at ure, Vol une, Pressur e, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’

#
#plotfile="start*.grf’

stage="Equi | i brium
duration=0.2 #
t enpheat er =300. 0 #
wal | mass=0. 2 #
pressext 0=9977. 4 #
pressext=9977. 4 #

st age=" Adi abati c expansi on’
duration=0.5
t enpheat er =0. 0
pressext=3142.7

3+

#plot file (* will

stage-specific paranmeter val ues

quantities to report
be replaced by an increnmenting counter)

duration [s]

heat bath tenperature [K] (0 for adiabatic)
mass of novable wall [kg] (O for rigid wall)
external pressure at start of stage [Pa]
external pressure at end of stage [Pa]

duration [s]
heat bath tenperature [K] (0 for adiabatic)
external pressure at end of stage [Pa]



Isothermal expansion

Equilibrium Isothermal expansion
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Isothermal expansion

Input file ex4-isothermal.txt:
104y
\ title="1sothermal expansion’
.’-‘ #Hommmmo- initial paranmeter values ------
9x10% 1 kS .
I nt ot al =6. 02214E23 # total nunber of particles (1 nol)
n \l n=50000 # nunber of sinmulated particles
"'-.‘ mass=4. 64951E- 26 # mass of particles [kg] (N2 nol ecul e)
8X103 _ ""_ box=1.0,1.0,0.25 # initial box size [n]
o “\, t enpi ni t =300. 0 # initial tenperature [K]
o i “ne seed=3771 # random nunber generator seed
= "-,,‘ dt=2. 0E-5 # time step [s]
3 o, wal | nass=0 # boxer: mass of novable wall [kg] (O for rigid wall)
7x10° "‘.‘,‘* rheat =1000. 0 # heater: heating events per particle and unit time [1/s]
T, rm x=100. 0 # mixer: mxing events per particle and unit time [1/s]
T o, dt print=0.001 # tinme interval for reporting [s]
3 '*_\‘_ dt ave=0. 001 # tinme interval for averaging [s]
6 x10° 4.-.\ report="Ti nme, St ep, Tenper at ure, Vol une, Pressure, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’
-, # quantities to report
h ‘\fqm #plotfile="start*.grf’ # plot file (* will be replaced by an increnmenting counter)
5x 103 Q“\ #Hoo---- stage-specific paraneter values ------
T 17T T 17T T 17T 7T 17 7T 17T T 1T stage=" Equi | i bri umi
024 0.28 0.32 0.36 _0.4 0.44 0.48 durat i on=0. 2 # duration [s]

\Vj [m3] t enpheat er =300. 0 # heat bath tenperature [K] (0O for adiabatic)
wal | mass=0. 2 # mass of novable wall [kg] (0 for rigid wall)
pressext 0=9977. 4 # external pressure at start of stage [Pa]
pressext =9977. 4 # external pressure at end of stage [Pa]

104 ~Wt4' L . . stage=' | sot her mal expansi on’
0 L SEPETEEE duration=0.5 # duration [s]
. .., o - pressext =4988. 7 # external pressure at end of stage [Pa]
9x10% 1
8x10% - ..
©
P_'n a .
a < " .
7x10%
6 x 10%
LI | Xy .. :
5x 10% - .-,:Aﬁii{&-&w~ avenes s
I T I T I T I T I T I T
296 298 300 302 304 306
TIK]
0.48
0.44
0.4 -
&
é -
> 0.36
0.32
0.28
0.24
I T I T I T I T I T I T
296 298 300 302 304 306
TIK]
Ener gy- Ener gy0- Heat +\Wor k -1.1005E-10 J
Total work done by system 1681.7 J
Total heat brought to system: 1680.4 J
Total entropy change 5.4396 J/ K
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1.2 x 10%

p [Pa]

p [Pa]

1.1 x10% 1

1.2 x 104

1.1 x 10%

Heat capacity at constant volume

1.3 x 10% .
104 ]
T | T | T | T | T
0 0.1 . 0. 0.4 0.5
V [m3]
1.3 x 10% .
10t #

0.5

0.1

O—TFT—T——7T T T T 7T T 71 7

300 320 340 360 380 400
TIK]

Ener gy- Ener gy0- Heat +Wor k 9. 0949E-13 J
Total work done by system : 01J
Total heat brought to system: 1226.5 J
Total entropy change 3.3558 J/K

Input file ex5-Cv.txt:

title="Heat capacity at constant vol unme’

#o------ initial parameter values ------

nt ot al =6. 02214E23
n=50000

mass=4. 64951E- 26
box=1.0, 1.0, 0. 25
t enpi ni t =300. 0
seed=3771

dt =2. OE-5

wal | mass=0

rheat =1000. 0

rm x=100. 0

dt print=0.001

dt ave=0. 001

3o W O H R H

total nunber of particles (1 nol)

nunber of sinulated particles

mass of particles [kg] (N2 nol ecul e)

initial box size [n]

initial tenmperature [K]

random nunber generator seed

time step [s]

boxer: mass of novable wall [kg] (O for rigid wall)
heater: heating events per particle and unit time [1/s]
mixer: mxing events per particle and unit time [1/s]
time interval for reporting [s]

time interval for averaging [s]

report="Ti nme, Step, Tenper at ure, Vol une, Pressure, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’

#plotfile="start*.grf’

#

#plot file (* will

quantities to report

#o------ stage-specific paranmeter values ------

stage="Equi | i brium
duration=0.2
t enpheat er =300. 0
wal | mass=0. 0

stage=' Tenperature increase’

duration=0.5
t enpheat er =400. 0

#
#
#

duration [s]
heat bath tenperature [K] (0 for adiabatic)
mass of novable wall [kg] (O for rigid wall)

# duration [s]
# heat bath tenperature [K] (O for adiabatic)

be replaced by an increnmenting counter)
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Heat capacity at constant pressure
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Heat capacity at constant pressure

1.2 x 10% 5
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Q. -
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1.2 x 10* .
1.16 x 10*
1.12 x 104
& 1.08x10%
= | .
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TIK]
Ener gy- Ener gy0- Heat +Wor k -3.7653E-10 J
Total work done by system 840.63 J
Total heat brought to system: 2101.5 J
Total entropy change 5.6476 J/ K

Input file ex5-Cp.txt:

title="Heat capacity at constant

#o------ initial

nt ot al =6. 02214E23
n=50000

mass=4. 64951E- 26
box=1.0, 1.0, 0. 25
t enpi ni t =300. 0
seed=3771

dt =2. OE-5

wal | nass=0

rheat =1000. 0

rm x=100. 0

dt print=0.001
dtave=0. 001

3o WO O H R

pressure’

paraneter values ------

total nunber of particles (1 nol)

nunber of sinulated particles

mass of particles [kg] (N2 nol ecul e)

initial box size [n]

initial tenmperature [K]

random nunber generator seed

time step [s]

boxer: mass of novable wall [kg] (O for rigid wall)
heater: heating events per particle and unit time [1/s]
mixer: mxing events per particle and unit time [1/s]
time interval for reporting [s]

time interval for averaging [s]

report="Ti nme, St ep, Tenper at ure, Vol une, Pressure, Ext Pressur e, Ener gy, Wrk, Heat, | deal i ty’

#plotfile="start*.grf’

#

#plot file (* will

quantities to report

#o------ stage-specific paranmeter values ------

stage="Equi | i brium
duration=0.2
t enpheat er =300. 0
wal | mass=0. 2
pressext 0=9977. 4
pressext=9977. 4

st age=" Tenperature increase’

duration=0.5
t enpheat er =400. 0

#
#
#
#
#

#
#

duration [s]

heat bath tenperature [K] (0 for adiabatic)
mass of novable wall [kg] (O for rigid wall)
external pressure at start of stage [Pa]
external pressure at end of stage [Pa]

duration [s]
heat bath tenperature [K] (0 for adiabatic)

be replaced by an increnmenting counter)



