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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.

Blueprint asset

tummm  Ommmm

BP_EXAMPLE BP_Planetary
Atmosphere Atmosphere SoundRig
Math Zone

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). It has 2 instances in the map
(BP_PlanetarySoundRig and BP_PlanetarySoundRig2).

BP_EXAMPLEAtmosphereZone Atmosphere-zone Blueprint; it has 2 instances in the map, labelled

Back to contents

BP_EXAMPLEAtmosphereZone and
BP_EXAMPLEAtmosphereZone2 in the World Outliner.

Item Label
A PlanetaryDispersion (Editor)
HLOD
Lighting
©, BP_EXAMPLEAtmosphereZone  Edit BP_EXAMPLEAtmosphereZone
©, BP_EXAMPLEAtmosphereZone2  Edit BP_EXAMPLEAtmosphereZone
©, BP_PlanetarySoundRig Edit BP_PlanetarySoundRig

©, BP_PlanetarySoundRig2 Edit BP_PlanetarySoundRig
Aa Landscape

o PlayerStart

> SM_TargetBaseMesh

¥ WorldDatal ayers-1

©, WorldPartitionMiniMap

Figure 2. World Outliner showing actor labels and linked Blueprint classes.

Page 3



PLANETARY DISPERSION | TECHNICAL GUIDE

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



PLANETARY DISPERSION | TECHNICAL GUIDE

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.

L N
@ @

MSP_Dispersion  MSP_
_9 Band FormantShift
Bands

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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Sequence Steps defines an ordered set of atmosphere changes for BP_EXAMPLEAtmosphereZone. Each entry selects a
world preset or a saved JSON configuration, specifies the time before the next entry, and can select a sound with its own

playback duration.

© BP_EXAMPLEAtmosphereZone (Self)

NefanltSeceneRont
Q

General Actor Physics Rendering

Sequence Steps 13 Array elements @ ﬁ

0 9 members
StepType World
WorldIndex 2
DurationSeconds
JSONFileName
TransitionSeconds
Enabled
SoundEnabled
SoundIndex 24
SoundDurationSeconds 5.0

1 9 members
StepType JSON
WorldIndex 4
DurationSeconds 6.0
JSONFileName PlanetaryDispersion_Report1.json
TransitionSeconds -1.0
Enabled
SoundEnabled
SoundIndex 14
SoundDurationSeconds 6.0

2 9 members
StepType World

WorldIndex 4

Reading the example

The array contains 13 entries. Indices start at 0, so Index [0]
is the first entry and Index [1] is the second.

Index [0]: World step

Selects WorldIndex 2. DurationSeconds is 5.0.
SoundEnabled is checked, Soundindex is 24, and
SoundDurationSeconds is 5.0. The JSON filename is blank
because this entry uses a world preset.

Index [1]: JSON step

Requests the configuration in
PlanetaryDispersion_Reportl.json. DurationSeconds is
6.0. SoundEnabled is checked, Soundindex is 14, and
SoundDurationSeconds is 6.0. StepType selects the JSON
path; the displayed Worldindex 4 is not the preset selection
for this entry.

Index [2] and later entries

Index [2] begins another World step with Worldindex 4. Its
remaining settings are below the visible area. The screenshot
shows only part of the 13-entry sequence.

Figure 4A. Sequence Steps in the BP_EXAMPLEAtmosphereZone Details panel.

Two separate durations

DurationSeconds controls when the sequence advances. SoundDurationSeconds controls the step-selected sound timer.
Matching values, as shown here, align their nominal end times; changing one does not redefine the other.

Back to contents
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1.6 Configuring Sequence Steps (continued)

AutoPlay uses the same Sequence Steps configuration process. Select the placed BP_PlanetarySoundRig actor in
the World Outliner, then expand Auto Play Sequence Steps in its Details panel. For atmosphere-zone sequences, select
BP_EXAMPLEAtmosphereZone and expand Sequence Steps. Both arrays use the nine fields below.

Field Purpose
StepType Chooses the World preset path or the JSON configuration path.
WorldIndex World preset index for a World step. The 55-preset list uses indices 0-54. Check the current

list when choosing a value.

DurationSeconds Time in seconds before advancing to the next sequence entry. Use a positive value for
normal timed progression.

JSONFileName Saved settings filename for a JSON step, including the .json extension. The file must be
available to the project's JSON importer.

TransitionSeconds Per-step transition field, shown as -1 in this example. Its runtime effect requires the
corresponding transition logic; see the note below.

Enabled Includes the entry in the sequence. Disabled entries are skipped by the sequence runner.

SoundEnabled Allows this entry to select a sound. When false, it does not request a new sound; it is not a
mute command.

SoundIndex Sound-list index selected when SoundEnabled is true. Check the sound list rather than
treating it as a world index.

SoundDurationSeconds Duration of the step-selected sound timer, independent of DurationSeconds. Use a positive
value for timed playback.

Configuration workflow

1. Add entries with the array’s + button and arrange them in playback order. Choose World or JSON for each entry.

2. Enter the world index or JSON filename, then set a positive DurationSeconds.

3. Enable sound selection where needed, choose Soundindex, and set SoundDurationSeconds. Test each entry with the assigned
rig.

4. Run the sequence and check advancement and sound timing. LoopSequence controls whether the sequence repeats at its end;
test the intended start and stop conditions in the level.

Transition timing

The screenshot does not establish what TransitionSeconds = -1 does at runtime. Do not assume that it preserves the current
transition time in both the World and JSON paths. Verify those paths in the current Blueprint before relying on a per-step
override. Transition timing is separate from sequence duration and sound duration.

Back to contents Page 5C
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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 = Mpix and Cp,mix = Cyymix = Ymix
Ymix T and Mpix—=>c | P, TandMpix—=>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 =l

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 6, Source 2) provides temperature-dependent
thermochemical reference data.

Back to contents Page 8



PLANETARY DISPERSION | TECHNICAL GUIDE

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.

[ CalculateMeanMolarMassSimple B Return Node
4

CO2Fraction Mean Molar Mass Kg Mol

0.04401 | Add pin @

N2Fraction

+

Add pin ®

CH4Fraction
O2Fraction
Ar Fraction 0.028 1‘ Add pin ®
H2Fraction A— -

He Fraction I
0.016043] Add pin ® *
Add pin ®

H20Fraction
NH3Fraction

S0O2Fraction

8] Add pin ®

o+

0.00201 v]‘ Add pin @ i i ®

0 \'u’w.u'w:'r:'—f‘ Addpin ®

0.018015] p4q pin ®
0.017031] p4q pin ®

0.064063] Add pin ®

Figure 5. CalculateMeanMolarMassSimple Blueprint.

Mmix = ZixiM;

Mpix = 0.044010xCO, + 0.028014xN, + 0.016043xCH, + 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.

[ Return Node
-4

' Cp Mix Molar

CalculateCpMixSimple

Addpin ®
CHAFraction @ = L
? ) '

Addpin ®

Ar Fraction @ & Addpin ®

H2Fraction @

He Fraction @ N ; 4
- Addpin ® > Add pin ®

H20Fraction @

NH3Fraction @

" Add pin ®
28.84 | Addpin ®

Add pin ®
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

D Gamma Mix

[ calculateGammaMixSimple
»

Cp Mix Molar
“ f Select Float

Cv Mix Molar

» A Return Value

Add pin ®

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



PLANETARY DISPERSION | TECHNICAL GUIDE

2.6. CalculateDensitySimple

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

and the mixture's mean molar mass.

CalculateDensitySimple T
Return Node |
» — |
B »
Pressure Pa @

@ Density Kg M3
Temperature K @

Mean Molar Mass Kg Mol @

Add pin ®

Add pin ®

Add pin ®

J Select Float
v A Return Value @
N

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.

Back to contents Page 13
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2.7. CalculateAcousticilmpedanceSimple

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 @&

—

@®

Add pin ®

Figure 10. CalculateAcousticimpedanceSimple Blueprint.

Z=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 re =C/Cref

2.8.2. CalculateDensityRatioSimple

E CalculateDensityRatioSimple Return Node
e — — — — — - ———

Density Kg M3 @ ® Density Ratio

Reference Density Kg M3 @

Add pin ®

Figure 12. CalculateDensityRatioSimple Blueprint.

I Mo =P/ Prer

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.

[ calculateimpedanceRatioSimple Return Node

| e
Acoustic Impedance Rayl @ @' Impedance Ratio

Reference Impedance Rayl @

@)

Add pin ®

Figure 13. CalculatelmpedanceRatioSimple Blueprint.
rz =2 Zes
rz = (pc) / (pref Cref) =TI, Ic

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= @aiRT / M) 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.

1. Further reading: Kinsler et al. and Pierce (Sources 3-4), with NASA Glenn (Source 5), for the ideal-gas sound-speed and related acoustic propagation
relations used in Sections 2.6-2.9.

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

|-
»
o
L
e
o
°
°
]
L]
°
o
°

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

12Fractson o Mix Mol @

J Cakulate Camma Mx Simple

3amma Mo @

® & & ® % 0 vy

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.

J Clamp (Float)

@ Value Return Value @
f Calculate Mean Molar Mass Simple

CO2Fraction Mean Molar Mass Kg Mol @
N2Fraction

CH4Fraction

Return Node

O2Fraction

Ar Fraction » Mean Molar Mass Kg Mol

H2Fraction » Cp Mix Molar

He Fraction » Cv Mix Molar

20Fract
H20Fraction » Gamma Mix

NH3Fraction

S02Fraction » Density Kg M3

o -
World Context » Acoustic Impedance Rayl

» Sound Speed Ratio
F Calculate Cp Mix Simple » Density Ratio

/
CO2Fraction Cp Mix Molar @ » Impedance Ratio

»
®
@
@
@
@ Sound Speed MS
®
®
®
®
®
®

N2Fraction » Gas Brightness Multiplier

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 S .
Speed of Sound: 852.9 m/s L 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 ADDlY M

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

MMJ

96 3% 3.2% % 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

Figure 18. Hydrogen-rich Saturn preset showing the frequency-dependent atmospheric absorption.

resulting 1.30x multiplier.

Guard convention: The 0.000001 kg/mol minimum follows the 55-preset catalogue.

Back to contents
Page 20



2.13. Nine-band gas absorption profile
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Normalized gas composition is used to construct a nine-band absorption-control profile for the distance-dependent

low-pass processing in Section 3. Profile values map by band index to the actual MetaSound processing ranges below.

They are model-derived controls, not calibrated attenuation coefficients in dB/m.

Normalized
fractions

Per-gas 9-band
profiles

Weighted mixture
profile

Current /
Native

Figure 19. Gas-composition path used to build the nine-band absorption control profile.

For each band i:

where Gjis the mixture-profile value for band /, xg is the normalized

mole fraction of gas g, and Ag ;is the stored profile value for gas g at

G =2, x4 Ay,

Band Approximate MetaSound processing range Environmental influence (Section 2.14)
1 Below 92 Hz 0.20
2 92-185 Hz 0.25
3 185-355 Hz 0.30
4 355-707 Hz 0.40
5 707-1,410 Hz 0.50
6 1,410-2,830 Hz 0.65
7 2,830-5,650 Hz 0.80
8 5,650-11,300 Hz 0.90
9 Above 11,300 Hz 1.00

Band 9 extends to the Nyquist frequency. Crossover regions overlap gradually because the band splitters use two-pole filters.

Implementation: CalculateGasAbsorptionMultiplierArray builds the mixture profile. Native stores the selected-world baseline, Current stores the

interpolated profile, and Target stores the requested profile.

Scope

The per-gas profiles are model-derived audio controls. They are not a molecular-relaxation solver or measured

planetary attenuation coefficients.

2. For planetary acoustic absorption and molecular-acoustics context, see Petculescu & Lueptow (Source 8) and the in-situ Mars measurements of Maurice

et al. (Source 9).
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2.14. Pressure and temperature absorption correction

Planetary Dispersion appli%s a bounded pressure- and temperature-dependent correction to the gas-composition profile at
the final absorption stage.

Environmental multiplier

where
rp = 101.325 / max(Pyp,, 0.1) rp = pressure ratio
Pxpa = pressure in kPa
M, = Clamp(rP 0.25 , 0.6, 3.0) Mp = pressure multiplier
Tc = temperature in °C
TK = Tc + 273.15 Tk = temperature in K

M7 = temperature multiplier

MT - c|amp((293_15 / max(TK, 1_0))0.15, 0.8, 1.3) Meny = environmental multiplier
M., , = 1.0 if P,p, = 0.1; otherwise M, x M;

The first lines calculate bounded pressure and temperature multipliers. At pressures of 0.1 kPa or below, the environmental multiplier returns

1.0 as a near-vacuum safeguard. This prevents the calibration from diverging; it does not imply that atmospheric sound propagates in a
vacuum.

Band-weighted correction

Ci = Lel'p(l-o; Menvl wi)

where C;is the correction applied to band i and w; is its band-influence weight. The w;values are listed in Section 2.13;
higher-frequency bands receive the stronger correction.

Final absorption control

R

gas,i = chrrent,i /Gnative,i

Afinal,i = Ahum,i X Rgas,i X Cj

where Ry, jis the current-to-native gas-profile ratio; Geyrrent,i @nd Gpative,j are the current and selected-world baseline profile values;
Anum,iis humidity-adjusted base absorption; and Afing; i is the final absorption control.

Because the correction is band weighted, pressure and temperature can change the spectral shape rather than scaling
all nine bands equally.

Model status

The exponents, clamps and band weights are Planetary Dispersion calibration values, not physical constants or
exact molecular attenuation predictions.

3.1S0O 9613-1 (Source 6) describes frequency-, temperature-, humidity- and pressure-dependent absorption in terrestrial air. Petculescu & Lueptow (Source 8,
Sections 2-5) model planetary sound propagation, including molecular relaxation. These sources provide physical context; they do not prescribe or validate the
project-specific exponents, clamps or band weights.
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