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1.1. Blueprint assets and level setup

These editor views identify the Blueprint assets used in the demonstrated setup and connect the
calculation guide to the actors placed in the level.

-
=

BFL_

-
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BP_Atmosphere  BP_EXAMPLE BP_Planetary

Atmosphere Test Atmosphere SoundRig

Math

Blueprint asset
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Figure 1. Blueprint assets in the Content Browser.

Role in the documented setup

BFL_AtmosphereMath Blueprint function library for the atmosphere calculations documented
in this guide.
BP_PlanetarySoundRig Main sound-rig Blueprint; represented by the sound icon in the level

view (Figure 3).

BP_EXAMPLEAtmosphereZone Atmosphere-zone Blueprint; its level instance is labelled

BP_AtmosphereZone in the World Outliner.

BP_AtmosphereTest Additional Blueprint actor shown in the level. Its internal behaviour is

Back to contents

not documented by these views.

ion (Editor)

Figure 2. World Outliner showing actor labels and linked Blueprint classes.
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1.2. Sound rig and atmosphere zone in the level

The level view places the main sound rig and the atmosphere zone in their spatial context. The sound icon
identifies PlanetarySoundRig; the outlined rectangular volume labelled “Atmosphere Zone” identifies the
zone.

Figure 3. PlanetarySoundRig sound icon and the labelled Atmosphere Zone volume in the example level.

Actor labels and Blueprint classes

In the World Outliner, BP_AtmosphereZone is the label of the placed actor, while
BP_EXAMPLEAtmosphereZone is its Blueprint class. The main sound-rig actor links to
BP_PlanetarySoundRig. Keeping these names distinct helps readers locate the correct asset and its
instance in the level.

Relationship to the formula guide

The calculation sections document the gas-property calculations. These views show where the associated
Blueprint assets and actors can be found. They establish the project structure and spatial setup; they do
not show the event logic or parameter connections between the zone and sound rig.

Back to contents Page 4
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1.3. MetaSound Source and reusable patches

The audio assets complement the Blueprint calculation and level setup. The Content Browser identifies
one MetaSound Source and two MetaSound Patches.

Formantshift

Figure 4. MetaSound Source and Patch assets in the Content Browser.

Asset and type Purpose indicated by the asset name
MS_DispersionSoundSource_9 Bands Playable source asset associated with the nine-band dispersion
MetaSound Source system. The Source is the asset type that can produce audio

through Unreal Engine playback.

MSP_Dispersion_9_Band Reusable patch for nine-band dispersion processing. The
MetaSound Patch one-band example in Section 3.1 shows propagation delay, an
added offset, and a distance-dependent low-pass cutoff.

MSP_VocalFormantShift Reusable patch named for vocal formant shifting. Formants

MetaSound Patch describe spectral resonances that shape vocal timbre. The name
identifies the intended processing role, but does not establish its
algorithm or pitch behaviour.

Source and Patch roles

A MetaSound Source can generate audio on its own. A Patch packages reusable graph functionality for
another MetaSound; it is not independently playable. A Source can reference patches as graph nodes.
The asset view does not establish whether these two patches are connected in series, in parallel, or
through optional processing paths.

Connection to the rest of the system

Blueprints provide the atmosphere calculations and level actors; MetaSounds provide audio-generation
and processing graphs. Exact parameter routing from BP_PlanetarySoundRig to the Source, and from the
Source to each Patch, must be documented from those graphs.

Asset-type reference: Epic Games, MetaSounds Reference Guide, “Asset Types” and “Graph Nodes”.

Back to contents Page 5
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1.4 Multiple atmosphere zones and sound rigs

Multiple planetary environments can run at the same time by placing one BP_PlanetarySoundRig actor for each
BP_EXAMPLEAtmosphereZone actor. The Blueprint and MetaSound assets are reused. Each placed Sound Rig creates an
independent Audio Component and MetaSound runtime instance, so it keeps its own playback state and planetary
parameters.

Runtime architecture

Shared MetaSound Source asset

Reused - not duplicated

/,, s\\
1’ \‘\
Pad 38
e N
Atmosphere Zone 1° *. Atmosphere Zone 2
PlanetarySoundRig ->,.F(ig 1 PlanetarySoundRig -> Rig 2
e o
\Lx' .

Placed Sound Rig 1 Placed Sound Rig 2
Independent Audio Component Independent Audio Component
MetaSound runtime instance 1 MetaSound runtime instance 2

Configuration workflow

Add another Atmosphere Zone and another Sound Rig actor to the level. Reuse the existing Blueprint
Place actors

classes.
Assign the Select Zone 2. In Details > Default, set its instance-editable PlanetarySoundRig object reference to the
reference placed Rig 2 actor.
Keep instances Each rig must own its own Audio Component. Both components may reference the same MetaSound Source
separate asset; Unreal creates separate runtime instances.
Choose one Ul On the additional rig, set IsPrimaryUIRig to false and Auto Receive Input to Disabled. Rig 1 remains
owner responsible for creating and toggling the main widget.

Enter each zone separately, then overlap them. Confirm both sounds can be heard and that changing one

Test h R .
zone controls only its assigned rig.

1.5 Using two main controllers

Planetary Dispersion provides two main controllers, allowing two sound sources to play simultaneously with different
planetary models and independently adjustable settings.

Press Shift + F to switch between controllers 1 and 2. Switching controllers changes which set of controls is displayed; it
does not stop the other source from playing.

Use the two controllers to layer different planetary treatments or explore contrasting atmospheric conditions together.

Shift + F Switch between main controllers 1 and 2

Each atmosphere zone controls its assigned sound rig independently. Hearing two processed sources together allows
comparison or creative layering of different planetary models within the same virtual scene.

Back to contents Page 5A
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2.1. Calculation overview

The functions form a calculation chain. At the widget boundary, temperature and pressure are
converted from degrees Celsius and kilopascals to kelvin and pascals. The gas inputs are then normalized
as mole fractions. These fractions determine the mixture's mean molar mass and molar heat capacity,
from which the model obtains C,, the heat-capacity ratio y, gas density, speed of sound and
characteristic acoustic impedance. The final ratio functions compare the modelled result with a selected

reference atmosphere.

mole fractions = Mpy,ix and Cp,mix = Cv,mix = Ymix
Ymix, T and Mmix —C | P' T and Mmix -p | pc— Z

2.1.1. Normalization requirement

The inputs labelled Fraction are treated as relative mole amounts. NormalizeGasFractionsSimple divides

each input by the total before the mixture formulas are evaluated. The guarded implementation is
documented in Section 2.11.

Xij = 4dj / Zjaj
ZiXi =1l

Back to contents Page 6



2.1.2. Symbols and units

Symbol
Xj
M;
Cpii
Coi

a < |3 v

N ©

Back to contents

Meaning

Normalized mole fraction of gas i

Molar mass of gas i

Molar heat capacity at constant pressure
Molar heat capacity at constant volume
Universal gas constant: 8.314463
Absolute pressure

Absolute temperature

Heat-capacity ratio

Speed of sound

Gas density

Characteristic acoustic impedance

PLANETARY DISPERSION | TECHNICAL GUIDE

Unit
dimensionless
kg/mol
J/(mol-K)
J/(mol-K)
J/(mol-K)
Pa
K
dimensionless
m/s
kg/m?3
Rayl
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2.2. Gas-property constants used in the Blueprints

The molar masses are fixed chemical properties. The C, values are approximate molar heat capacities
used by this simplified model. Unlike molar mass, heat capacity changes with temperature, so a fixed C,

table is an approximation over the model's temperature range.

Gas Molar mass M; (kg/mol) Cpsi [B/(mol-K)]
CO, 0.044010 37.14
N, 0.028014 29.12
CHa 0.016043 35.69
O, 0.031998 29.38
Ar 0.039948 20.79
H. 0.002016 28.84
He 0.004003 20.79
H,0 vapour 0.018015 33.58
NH; 0.017031 35.70
SO, 0.064063 39.87

Universal gas constant: The Blueprints use R = 8.314463 J/(mol-K). It appears in the C,, density and

speed-of-sound calculations.

Constant provenance: This table records the fixed values adopted by the application. A single
reference temperature and an individual source for each heat-capacity value have not been
established here. Treat these as model constants, not as a verified property table at one
temperature. The NIST Chemistry WebBook (Section 4.2) provides temperature-dependent
thermochemical reference data.

Back to contents Page 8
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2.3. CalculateMeanMolarMassSimple

This function calculates the mean molar mass of the mixture by multiplying each normalized mole

fraction by that gas's molar mass and adding the ten contributions.

Figure 5. CalculateMeanMolarMassSimple Blueprint.

Mnix = ZixiM;

Mpix = 0.044010xCO, + 0.028014xN, + 0.016043xCH,4 + 0.031998x0,
+ 0.039948xAr + 0.002016xH, + 0.004003xHe + 0.018015xH,0
4+ 0.017031xNH; + 0.064063xS0,,

Output: Mean Molar Mass Kg Mol, measured in kg/mol.

Interpretation: A larger Mp,ix means that the mixture contains, on average, heavier molecules per mole.

Back to contents Page 9
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2.4. CalculateCpMixSimple

This function calculates the mixture's molar heat capacity at constant pressure. Each gas's C,, value is

weighted by its normalized mole fraction.

CalculateCpMixSimple [ Return Node
-4
@' Cp Mix Molar

Addpin ®

3
b

Addpin ®
Addpin ®

Addpin ® ) ® Add pin ®

% Addpin ®
28.84 Addpin ®

Addpin ®
Addpin ®
| Addpin ®

Addpin ®

Figure 6. CalculateCpMixSimple Blueprint.

Cp:mix = ZiXiCpli
Cpmix = 37.14xCO; + 29.12xN;, + 35.69xCH,4 + 29.38x0, + 20.79xAr
+ 28.84xH, + 20.79xHe + 33.58xH,0 + 35.70xNH; + 39.87xS0,

Output: Cp Mix Molar, measured in J/(mol-K).

Model limitation: The constants approximate C, rather than recalculating its temperature dependence

for each gas.

Back to contents Page 10
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2.5. Heat capacities and gamma

2.5.1. CalculateCvMixSimple

For an ideal gas, the difference between the molar heat capacities is the universal gas constant: C, - C, =

R. The function therefore subtracts R from the mixture's C,,.

[ calculateCvMixSimple Return Node

Cp Mix Molar @ @ Cv Mix Molar

Add pin ®

Figure 7. CalculateCvMixSimple Blueprint.

Cyimix = Cp:mix -R
Commix = Commix - 8314463

Back to contents Page 11
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2.5.2. CalculateGammaMixSimple

This function calculates the heat-capacity ratio y. Gamma is dimensionless and is subsequently used in

the ideal-gas sound-speed equation.

Return Node

B CalculateGammaMixSimple

@ Gamma Mix

e
» N

Cp Mix Molar @

T Select Float
Cv Mix Molar @

@A Return Value @»

'B[

Figure 8. CalculateGammaMixSimple Blueprint.

Ymix = Cp;mix/ S
Blueprint guard: if Cy,mix > 0.0001, return Cp,mix/Cv,mix; Otherwise return 0.

Back to contents Page 12
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2.6. CalculateDensitySimple

This function rearranges the ideal-gas equation to calculate mass density from pressure, temperature

and the mixture's mean molar mass.
[ Return Node
»

g C.;lcula(reDensitySimple
[ e —
@ Density Kg M3

Pressure Pa @
Temperature K @

Mean Molar Mass Kg Mol @

Add pin ®

J Select Float
@A Return Value @

o)

Pick A

Figure 9. CalculateDensitySimple Blueprint.

p =PMpix / (RT)
p = (Pressure Pa X Mean Molar Mass Kg Mol) / (8.314463 X Temperature K)

Inputs and output: P must be in pascals, T in kelvin and Mpix in kg/mol; Density Kg M3 is returned in

kg/m3.
Blueprint guard: If Temperature K is greater than 0.000001, the function returns the calculated density;

otherwise it returns O.

Page 13
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2.7. CalculateAcousticlmpedanceSimple

This function calculates the characteristic acoustic impedance of the gas by multiplying its density by its
speed of sound. This is the impedance of the propagation medium, not the mechanical or electrical

impedance of a loudspeaker, wall or instrument.

CalculateAcousticimpedanceSimple Return Node
D e e ! — )
Density Kg M3 @ - @ Acoustic Impedance Rayl

Sound Speed MS @

v/\’ Py
& @

® Add pin ®

Figure 10. CalculateAcousticimpedanceSimple Blueprint.

7 =pc
1 Rayl = 1 kg/(m?s) =1 Pa-s/m

Inputs: Density in kg/m3 and sound speed in m/s.
Output: Acoustic Impedance Rayl.

Interpretation: Characteristic impedance expresses the relationship between acoustic pressure and

particle velocity in a travelling plane wave.

Back to contents Page 14
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2.8. Reference ratios

The following functions divide a modelled property by the corresponding reference value. The outputs
are dimensionless. A ratio of 1 means the values are equal; 0.70 means 70% of the reference; and 1.50

means 150% of the reference.

2.8.1. CalculateSoundSpeedRatioSimple

CalculateSoundSpeedRatioSimple Return Node

- —————— 3 4
Sound Speed MS @ @ Sound Speed Ratio

Reference Sound Speed MS @

Add pin ®

Figure 11. CalculateSoundSpeedRatioSimple Blueprint.

I rc=c/c_ref
2.8.2. CalculateDensityRatioSimple
- CalculateDensityRatioSimple @ Return Node

Density Kg M3 @ @ Density Ratio

Reference Density Kg M3 @

(O]

Add pin ®

Figure 12. CalculateDensityRatioSimple Blueprint.

I rp=p/p_ref

Back to contents Page 15
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2.8.3. CalculatelmpedanceRatioSimple

This function compares the modelled characteristic acoustic impedance with the selected reference

impedance.

E”CalculatelmpedanceRatioSimple [ Return Node

| e
Acoustic Impedance Rayl @ — @' Impedance Ratio

Reference Impedance Rayl @

Add pin ®

Figure 13. CalculatelImpedanceRatioSimple Blueprint.
rZ=7/7.ref
r.Z=(pc)/ (p_refcref)=rpr._c

Reference requirement: Use strictly positive sound-speed, density and impedance reference
values. The illustrated ratio functions do not include explicit checks for a zero denominator.

2.9. Connecting speed-of-sound calculation

The speed-of-sound calculation combines mean molar mass, heat-capacity ratio and
temperature. Its output feeds the acoustic-impedance and reference-ratio calculations. For

the ideal-gas approximation:

| c= WaixRT / Minin) 2
Variables: ynix is dimensionless, R = 8.314463 J/(mol-K), T is in kelvin and M,x is in kg/mol; c is returned
inm/s.

Scope: These equations implement an ideal-gas mixture model. They do not by themselves include

frequency-dependent molecular relaxation, dispersion or acoustic absorption.

Back to contents Page 16
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2.10. Widget input-unit conversions

The widget exposes temperature in degrees Celsius and pressure in kilopascals. Before
CalculateAtmospherePropertiesSimple is called, the Blueprint converts these interface values to the

absolute Sl units required by the thermodynamic equations.

J Calculate Atmosphere Properties Simple

F Get Value CO2Fraction Mean Molar Mass Kg Mol @

Slider CO2 N2Fraction Cp Mix Molar

Target Return Value @
CH4Fraction Cv Mix Molar

¥ Get Value
Gamma Mix @

Slider N2 . od MS
0 Target Return Value @ ed MS @

"F Get Value Density Kg M3 @
Ar Fraction tic Impedance Ray! @
Slider CH4 ¢

Target Return Value @ H2Fraction Sound Speed Ratio

¥ GetValue He Fraction Density Ratio

¥
1) Add pin A
Slider Temperature —— Return Value @ P @ H20Fraction Impedance Ratio

NH3Fraction Gas Brightness Multiplier @

¥ GetValue

SO2Fraction CO2Fraction Output
Slider Pressure 2 C
00 ‘ N2Fraction Output
Target Return Add pin ®

CH4Fraction Output
O2Fraction Output

Ar Fraction Output

Figure 14. Widget values converted before CalculateAtmospherePropertiesSimple.

T (K) =T (°C) + 273.15
P (Pa) = P (kPa) x 1000

Implementation requirement: The Slider Get Value outputs must represent the displayed values in
degrees Celsius and kilopascals. The converted outputs connect to Temperature K and Pressure Pa

respectively.

Back to contents Page 17
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2.11. NormalizeGasFractionsSimple

The ten gas inputs must be nonnegative. Their sum S must exceed 0.000001 for
normalization. The function divides each input by S; otherwise it returns zeros. This all-zero
fallback is not a valid gas composition.

}

® 0 0 9009 9 00y

B R
»
°
L
e
o
°
°
]
L]
°
L
°

Figure 15. NormalizeGasFractionsSimple and its near-zero guard.

S = Ziai
x;=a;/S whenS > 0.000001; otherwise x; =0
Yix; =1 for every valid nonzero input set

Interpretation: The slider values are relative mole or volume amounts. Normalization corrects totals
affected by rounding, such as a displayed preset total of 99.9%. It does not convert mass fractions into
mole fractions.

Input requirement: Reject negative gas amounts before calculation. When S is at or below the

threshold, identify the composition as invalid; do not interpret the fallback outputs as physical
gas properties.

Back to contents Page 18
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2.11.1. Position in the calculation chain

CalculateAtmospherePropertiesSimple passes its ten raw gas inputs through
NormalizeGasFractionsSimple. The normalized outputs are then connected to the mean-molar-mass and

C, mixture functions before C,, gamma, sound speed, density and impedance are calculated.

Jculate Cp Mix Simple

)2Fraction p Max Mol @

J Cakulate Camma Mx Simple

samma Mo @

® & & 0 % 0 0

J Calculate So

® GammaMa

® ® & 9

e

J Calculate Density Simple

Figure 16. Normalization occurs before mixture and acoustic calculations.

Mmix and Cp,mix determine Cv,mix and gamma.
Sound speed uses gamma, T and Mmix; density uses P, T and Mmix.
Characteristic acoustic impedance is density multiplied by sound speed.

Back to contents Page 19
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2.12. Gas brightness multiplier

The gas brightness multiplier is a bounded audio-control mapping derived from the mixture's mean
molar mass relative to Earth-reference air. The corrected ratio places the Earth value in the numerator,

so low-molar-mass mixtures produce values above 1, while heavier mixtures produce values below 1.

£ Clamp (Float)

- f ® Value Return Value @
 Calculate Mean Molar Mass Simple @®
CO2Fraction Mean Molar Mass Kg M 2 é g Add pin &

N2 n Add pin ®

CH4Fraction B 2L 1 [ Return Node

ction
He Fraction

H20Fraction

World Context

Iculate Cp Mix Simple
CO2Fraction

N2Fraction

Figure 17. Corrected Gas Brightness Multiplier Blueprint implementation.

Gas Composition ' B = Clamp(sqrt(0.02897 /
CALCULATED PROPERTIES max(Mmix, 0.000001)), 0.7, 1.3)

Mean molar mass: 0.0021 kg/mol
Gamma: 1.41 RESETS .
Speed of Sound: 852.9 m/s 0.02897 kg/mol represents Earth-reference air.

Density: 0.19 kg/m? Saturn
Acoustic impedance: 165.3 rayl

Brightness multiplier: 1.30x

ATMOSPHERIC GASES Anply Qs 1A

0% 0% 04% 0% 0% Reference behaviour: Earth-reference air returns
ENVIRONMENT 1.00x. Hydrogen-rich Saturn and Neptune presets

' reach the upper 1.30x clamp; pure CO2 is
approximately 0.81x. If Apply Gas Model is disabled,
the effective audio-processing multiplier should be

MM

95 3% 32% 0% 0% neutral (1.00x).
He H,0 NH, SO,

Scope: Brightness is a deliberately bounded,
model-derived audio mapping. It is not a directly
measured thermodynamic property and should not

be interpreted as a universal equation for
frequency-dependent atmospheric absorption.

Figure 18. Hydrogen-rich Saturn preset showing the
resulting 1.30x multiplier.

Guard convention: The 0.000001 kg/mol minimum follows the 46-preset catalogue.

Back to contents
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3.1. One-band processing inside the dispersion patch

The example shows two control paths driving a Delay (Time) node and a low-pass Biquad Filter. The magenta wire carries audio; the numeric paths
calculate delay time and filter cutoff.

&) Input

offsst_1 @

;

#] Input f InterpTo

stmazphersntenzty @ w g . — @ Wtorp Time valuz @ — g

¢ - Target =

-

- n

Dastance @ @ Cutaff Frequency

& Input
O mandwidth

e @ Intorp Time wabue @ C Flo O Gamn {dm)

f InterpTo
Abhzarptian_1 @ L

1 » — @ Target 1 Type

] Input

speadafsound @

Figure 19. One-band example in MSP_Dispersion_9_Band: propagation delay, band offset and low-pass cutoff control.
Audio enters the Delay node and then passes to the low-pass filter. The upstream audio source and any band-splitting or summation stages are not shown. The following

page explains the visible calculations without assuming those unseen connections.

Back to contents Page 21
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3.2. Reading the one-band signal path

1. Propagation time

Distance is divided by SpeedofSound, then passed through InterpTo with a displayed interpolation time of 0.02
s. With distance in metres and sound speed in m/s, the quotient is travel time in seconds.

t = Distance / SpeedofSound

2. Band-specific delay

Offset_1 is multiplied by Atmospherelntensity and added to the smoothed travel time. A second InterpTo
smooths this target before conversion to the Delay Time input. Offset_1 must use compatible time units. Its
interpolation-time input is wired from outside this view.

Delay target = smoothed t + Offset_1 x Atmospherelntensity

3. Delay settings

The displayed Delay settings are Dry Level = 0, Wet Level = 1 and Feedback = 0. This stage outputs the
delayed signal without an internal dry contribution or repeating feedback echoes. These settings do not
establish the overall application dry/wet mix.

4. Low-pass cutoff

Absorption_1 is multiplied by Atmospherelntensity and Distance. This product is subtracted from BaseLPF_1.
InterpTo smooths the target, and Clamp limits the resulting cutoff to 20-20,000 Hz. For positive absorption and
intensity, increasing distance lowers the target cutoff.

Cutoff target = BaseLPF_1 - Absorption_1 x Atmospherelntensity x Distance

5. Filter and audible result

The Biquad Filter is set to Low Pass and receives the delayed audio. This stage attenuates frequencies above
its cutoff; it is not, by itself, the complete band-pass or crossover stage that defines one of nine bands. A lower
cutoff generally makes this path darker, while a longer delay makes it arrive later.

6. Physical model and processing controls

Distance / SpeedofSound expresses modelled travel time. The added band offset and linear cutoff reduction
are application mappings. Absorption_1 here controls cutoff change; it should not be labelled a physical
attenuation coefficient in dB/m without a separate calibration. The wiring of the other eight bands is outside this
view.

Back to contents Page 22
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4.1. Publication status and model scope

Status: This guide documents an initial demonstration model. It is suitable as supplementary
technical material for explaining the implementation, but it should not be presented as a
validated environmental predictor.

4.1.1. What the model represents

e (Gasslider values are treated as relative mole or volume amounts and are normalized before
use.

o Widget temperature and pressure are converted from °C to K and from kPa to Pa.

e Mean molar mass and mixture heat capacity are mole-fraction-weighted sums.

e Density and sound speed use ideal-gas, calorically perfect relationships with fixed heat-
capacity values.

e Characteristic acoustic impedance is Z = pc; ratio outputs compare the result with a selected
reference atmosphere.

e The brightness multiplier is a bounded creative-control mapping, not a measured atmospheric

quantity.

4.1.2. Limitations and interpretation

The gas-property equations documented here do not themselves calculate
temperature-dependent heat capacities, non-ideal-gas behaviour, phase changes, altitude
profiles, wind, humidity-dependent relaxation, or frequency-dependent absorption and
dispersion. These limits describe this calculation subsystem. Presets may include speculative
artistic choices. Report results as modelled estimates and record composition, temperature,
pressure, reference atmosphere and software version.

Suggested citation: Portelli, Daniel. Planetary Dispersion: Technical Guide.

Project page: danielportelli.com.au/planetarydispersion/

Copyright: © 2026 Daniel Portelli. All rights reserved.
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4.2. Sources

These references support the physical constants, thermochemical context and ideal-gas acoustic
relationships used in the guide. They do not validate the custom brightness mapping, which is specific to

Planetary Dispersion.

Technical sources

1. National Institute of Standards and Technology (NIST). 2022 CODATA recommended value
of the molar gas constant, R = 8.314462618 ) mol™" K. NIST CODATA value

2. NIST Chemistry WebBook, Standard Reference Database 69. Molecular-weight and
thermochemical reference data for CO,, N,, CH,, O,, Ar, H,, He, H,0, NH, and SO,,.
doi:10.18434/T4D303

3. NASA Glenn Research Center. “Speed of Sound.” Ideal-gas sound

speed and caloric imperfection; NASA uses the specific gas constant R/M.

4. Maurice, S., Chide, B., Murdoch, N., et al. “In situ recording of Mars soundscape.” Nature
605, 653-658 (2022). Planetary-acoustics context for frequency-dependent sound speed and
attenuation in a low-pressure CO, atmosphere. doi:10.1038/s41586-022-04679-0

Al usage disclosure

Generative Al tools assisted with drafting, editing and document preparation.
The author reviewed and verified the technical content.
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5. Use of climate-model data

Selected ExoPlaSim data have previously been converted into Planetary Dispersion JSON settings
and successfully imported. Conversion takes place outside the application. The following workflow
outlines how to prepare further datasets.

5.1 Example dataset

The Borealis archive ExoPlaSim Models for “ExoPlaSim: Extending the Planet Simulator for
Exoplanets” provides model outputs and configuration files. NetCDF (.nc) files hold model outputs;
corresponding .cfg files record simulation settings.

Borealis dataset: doi:10.5683/SP2/TAAOXE

5.2 Conversion and import workflow

1. Select the files. Choose an output file and its matching configuration. Record the dataset version,
filenames and relevant simulation settings.

2. Choose atmospheric values. Using a NetCDF-capable tool, select a location, time and
atmospheric level where available. Identify air temperature, pressure and documented gas
composition for a consistent atmospheric state.

3. Check units. Match values to the target JSON fields. The application interface uses degrees
Celsius and kilopascals; convert from kelvin or pascals where needed. Gas inputs use relative mole
amounts, not mass fractions (Section 2.11).

4. Create compatible JSON. Start with a working settings export from the current application
version. Preserve its structure and field names, update the relevant inputs, and retain other settings
deliberately.

5. Import and verify. Import the converted JSON, confirm the displayed inputs and calculated gas
properties, then export a report. For comparisons, use the same sound, distance and unrelated
processing settings.

Record which values were extracted, calculated or assumed. Reverb, band offsets and other creative
audio settings are not supplied automatically by the climate dataset. The model limitations in Section
4.1 still apply.

5.3 Current limits and possible extensions

Direct NetCDF import and automatic movement through JSON settings are not currently supported.
With further development, a project could follow a path through a 3D atmosphere, using path speed
and direction to select conditions and rotation to control listener orientation. Contact Daniel Portelli
early if your project requires this adaptation.
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