




1. INTRODUCTION
Fifty-seven orbital rockets were launched from Cape Canaveral, Florida in 2022 including

forty-eight flights from SpaceX, multiple launches of ULA’s Atlas V, and NASA’s Space Launch 
System (SLS) Artemis-I mission. The Apollo program and many American rockets in the early 
years of the Space Age1 were launched from Kennedy Space Center (KSC), but today there are 
nearly thirty active spaceports across the globe. With the launch cadence increasing exponentially 
during the past five years, a new era of rocket engineering has emerged, resulting in a need for 
further investigation of the physics behind these powerful systems. A defining characteristic of 
rocket launches is the sound produced during liftoff. Studying the effects of rocket noise on the 
vehicle, payloads, launchpads, endangered species, and people is essential to promoting 
sustainable space exploration.  

Many early launch and rocket noise-related studies2,3,4 were compiled into source modeling 
approaches found in NASA SP-8072,5 but subsequent research was relatively limited6 for decades. 
Further investigation into rocket noise and its impacts has begun to progress with the development 
of modern launch vehicles. Current research aims to characterize the sound associated with launch 
vehicles and build models based on updated knowledge of the noise generation physics.7 Data 
from current and historical launches have been evaluated to develop approaches that accurately 
describe rocket noise and represent acoustic propagation from a launchpad. The findings reported 
in this article aim to build on past research from various launches, including the Delta IV Heavy,8 
Atlas V,9 Saturn V,10 and Falcon 9,11 and use similar, established methods for far-field rocket noise 
data analysis. Measuring and analyzing the sound produced by launch vehicles at greater distances 
furthers an understanding of the noise impacts on surrounding communities. 

NASA’s SLS completed its successful launch on 16 November 2022 from KSC’s Launch 
Complex 39B (LC-39B). The SLS Artemis-I mission marks NASA’s first launch in the Artemis 
program, which aims to further deep space exploration and land the first woman and person of 
color on the moon. SLS acoustical measurements were collected and reported in an initial letter 
published shortly after the launch.12 Findings from that article include a) the flame trench’s role in 
causing a highly directional ignition overpressure (IOP) event from the solid rocket boosters; b) 
greater-than-predicted maximum overall sound pressure levels that ranged from 127 to 136 dB (re 
20 µPa) at stations 1.4 to 5.2 km from the pad; and c) maximum one-third-octave (OTO) band 
spectra that peaked around 20 Hz. This prior analysis provided a baseline for further discussion of 
SLS acoustics, but further work is necessary to more fully understand the noise propagation and 
prepare for the new generation of super heavy-lift rockets. 

This paper evaluates additional analysis made from acoustical measurements gathered during 
Artemis I. Data are presented from seven community-based measurement stations located 12 to 50 
km from the launchpad. Metrics, including maximum overall sound pressure levels and spectra, 
are compared among the stations that represent a diverse range of distances and natural 
environments.  

2. VEHICLE AND LAUNCH DESCRIPTION
SLS is a super heavy-lift launch vehicle whose 8.4 m-diameter core stage is powered by four

Aerojet Rocketdyne RS-25 liquid hydrogen-oxygen engines, with two strap-on Northrop 
Grumman five-segment solid-fuel rocket boosters (SRBs). Including its Orion capsule, SLS stands 
at 98.1 m tall, with a trans-lunar injection payload capability of 27 metric tons (59,500 lbs).  
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at P10 containing a sharp peak around 110 s and then a gradual decline from the maximum level. 
Figure 4b shows a similar peak at ~120 s and a corresponding decline for P12, but this waveform 
peaks a second time at ~210 s. In Figure 4c, the waveform for P11 has a significantly different 
shape with a more gradual increase in sound levels and flat maximum region from ~150 – 250 s, 
except for a singular bang of nearly 14 Pa. These overall level trends will eventually be analyzed 
in conjunction with trajectory and weather data. 

While there is likely still significant low-frequency rocket noise recorded beyond the abscissa 
limit in Figure 4, all waveforms were trimmed at 450 s due to noise contamination from 
surrounding crowds. As seen in Figure 4f, the three PUMA stations reach sound levels of ~75 – 
80 dB at the end of the observed window, and none of these stations had returned to their prelaunch 
ambient levels. Although microphones were initially placed a significant distance from observers, 
data collected at manned stations are often limited by spectators, traffic, etc. that interfere with 
late-launch recordings.  

Results from the P10 COUGAR microphone are shown in Figure 4a; the smaller COUGAR 
prototype results are not shown because they are nearly identical – maximum levels differed by 
0.1 dB. This provides further evidence beyond Ref. 17 that the windscreen thickness and plate size 
have little effect on the recorded measurement and advances the concept of a more compact 
measurement system for future field tests. Additional comparisons between the OASPL from P10 
and C3 were made, and maximum levels differed by 0.2 dB. The differences recorded between 
these three configurations pictured in Figure 3a are insignificant when compared to the distance 
these stations were from the pad, minor setup differences including proximity to dock pilings, and 
any slight microphone calibration variations. The SLM at C3 requires less setup and the smaller 
COUGAR prototype is more transportable than the original COUGAR, but all three configurations 
provided accurate data for analysis and can be used independently at future launch measurements. 

II. SLM STATONS
Pressure waveforms and the time-dependent OASPL from the SLMs used at stations C2 and

C3 are included in Figure 4d and 4e. Prelaunch ambient levels at C2 (as seen in Figure 4d) were 
notably louder than the other manned stations due to this microphone’s proximity to a crowd of 
observers. This station’s waveform shows a sharp peak in levels at 0 s that is from cheering and 
not rocket noise, given that C2 was placed 12.1 km from the pad and the IOP took about 36 s to 
arrive.  

The SLM at C3 also detected the SRB ignition, similar to the P10 COUGAR and smaller 
COUGAR prototype configured in the same location. Waveform characteristics from C3 in Figure 
4e are nearly identical to P10 in Figure 4a due to the collocation of these measurement stations. 
Both SLM stations returned to post-launch levels at a rate similar to the PUMA stations at 450 s, 
as seen in Figure 4f.  

III. ROLLINS STATIONS
The “R”-labeled stations in Figure 2 were recorded by students and faculty from Rollins

College and are referred to as Rollins stations in this section of the paper.  Whereas the maximum 
OASPL at C2 reached 116.6 dB at a distance of 12.1 km, at R2 levels reached 80.5 dB nearly 50 
km from the pad. This level is significantly less than predicted when using a simple spherical 
spreading model that uses measurements made on-Center, closer to the pad. The closest 
autonomous measurement station (Station 7) during SLS’s launch was 1.48 km from the pad and 
recorded levels of 136.1 dB.12 Employing spherical spreading from this measurement station, 
levels should be 118 dB at 12.1 km and 106 dB at 49.5 km, revealing that there is an additional, 
substantial loss in low-frequency acoustic energy as the sound waves propagate from the source. 
However, given vehicle motion and trajectory and atmospheric variability and absorption, it is 
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reasonable that a simple spherical spreading model does not hold. More detailed atmospheric 
propagation analyses, including numerical modeling, will be the subject of further investigation. 

As further evidence of complex atmospheric propagation, the sound levels observed at P11 
and R1 were markedly different. Both stations were located approximately 30 km away from LC-
39B, with R1 located due west and P11 southwest of the pad. The maximum OASPL at P11 was 
100.4 dB, but R1 levels did not exceed 65 dB, the maximum level associated with the prelaunch 
ambient noise. Observers at R1 reported only hearing a brief low-frequency thumping and no 
additional rocket noise, providing further support for the recorded low levels. With a source level 
of 136.1 dB at 1.48 km from the pad,12 a 26 dB decrease in measured level should occur 30 km 
from the pad. Although this is a simplified model, the maximum OASPL measurements at P11 
and R1 would both be 110 dB. While P11 is ~10 dB lower, R1 is at least 45 dB lower than this 
prediction. It is notable the launch was clearly audible (maximum level of 80.5 dB) 20 km farther 
west at R2, evidence that there are complex meteorological effects influencing the propagation. 
Although an explanation is still being sought, one possible contributor is that the path toward P11 
from the launchpad was mostly over the Indian River, while there was mostly dense vegetation 
and urban areas between the pad and R1. Differences in near-ground temperature gradients across 
these propagation paths could begin to offer a possible explanation for the variation in level at R1 
and P11.  

B. SPECTRA
Spectra are briefly discussed from six manned measurement stations (P10, P12, P11, C2, C3,

and R2) to complete this paper’s analyses. Figure 5 displays the narrowband and OTO band spectra 
calculated using the waveform segment corresponding to the 3 dB-down period relative to the 
maximum OASPL. Because the narrowband and OTO spectra follow the same overall trends, the 
narrowband spectra are shown but the discussion is restricted to the OTO spectra. It is noteworthy 
that the P12 spectra in Figure 5b show a peak at ~3 kHz that is uncharacteristic of rocket noise and 
likely indicates environmental noise at this manned measurement station. 

Two observations are made from the OTO spectral comparison in Figure 5f. First, the high-
frequency energy present in the spectra steadily decreases with distance. Whereas the on-Center 
measurements12 had a 10 dB/decade high-frequency roll-off characteristic of significant shock 
content, the manned stations’ spectra contain less high-frequency energy. This relative reduction 
in high-frequency content means that shocks have significantly thickened by the time the sound 
reaches these stations. These deviations become more prominent as distance increases, with C2 at 
12.1 km containing more notable shocks (more high-frequency content) and P11 at 30.4 km 
containing very little shock content. However, nonlinear propagation events are still observed at 
these locations. At P12, the continuous rumble was accompanied by discrete “thumps” that 
signaled the arrival of significantly thickened shocks.  
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