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Project Funding Level  
This project supports the identification of noise acceptance onset for noise certification standards of supersonic airplanes 
through research on multiple tasks conducted at Penn State. The FAA funding to Penn State in 2019–2021 was $390,000. 
Matching funds are expected to meet cost share on both tasks. Boom Supersonic has pledged $300,000, and Gulfstream 
has pledged $100,000. 
 

Investigation Team 
For 2019–2021, the investigation team included: 

• Victor W. Sparrow, PI, Penn State (Tasks 1 and 2)  
• Joshua Kapcsos, graduate research assistant, Penn State (Task 1)  
• Kimberly A. Riegel, coinvestigator, Queensborough Community College, City University of New York, subrecipient 

to Penn State (Task 2) 
• Juliet Page and Robert Downs, coinvestigators, Volpe National Transportation Systems Center, subrecipient to Penn 

State (Task 2) 
• Michael Rybalko, Joe Salamone, et al., Boom Supersonic (industrial partner) 
• Brian Cook and Charles Etter, Gulfstream (industrial partner) 

 
 



	
	

	
	

Project Overview 
FAA participation continues in International Civil Aviation Organization, Committee on Aviation Environmental Protection 
(ICAO CAEP) efforts to formulate a new civil supersonic aircraft sonic boom (noise) certification standard. This research 
investigates elements related to the potential approval of supersonic flight over land for low-boom aircraft. The efforts 
include investigating certification standards, assessing community noise impact, and developing methods to assess the 
public acceptability of low-boom signatures. The proposed research will support NASA in the collaborative planning and 
execution of human response studies gathering data to correlate human annoyance with low-level sonic boom noise. As the 
research progresses, this work may involve the support of testing, data acquisition and analyses, field demonstrations, 
laboratory experiments, or theoretical studies; for example, Maglieri et al. (2014). 

 
Task 1 - Obtaining Confidence in Signatures, Assessing Metrics Sensitivity, 
and Adjusting for Reference Day Conditions 
The Pennsylvania State University 
 
This task has transitioned into the new ASCENT Project 57. Please see the 2020 and 2021 reports for ASCENT Project 57, 
“Support for Supersonic Aircraft En-route Noise Efforts in ICAO CAEP,” which describes developments on this task. 

 
Task 2 - Assessing Secondary Sonic Boom Propagation 
The Pennsylvania State University 
Queensborough Community College, City University of New York 
Volpe National Transportation Systems Center 
 
Research Approach 
Background 
As both conventional “N-wave” (normal) boom and low-boom supersonic aircraft approach implementation, assessing all 
aspects of the sonic boom noise that reaches the ground is important. Such assessment includes the need to better 
understand secondary sonic booms, when and why they occur, and the resulting signatures.  
 
Most of the research done in the United States was completed in 1980 to understand the regular occurrence of secondary 
sonic booms observed along the New England coastline as a result of Concorde flights approaching New York. Two main 
types of secondary sonic booms exist: type I is the ground boom resulting from shock waves emanating from the top of the 
aircraft that refract downward under certain atmospheric conditions, and type II is the boom that bounces off the ground or 
water surface, is bent in the atmosphere, then travels back down to the ground a second time. To better predict the conditions 
resulting in these secondary sonic booms, the variations in atmospheric conditions, type of aircraft, and trajectories should 
be examined.  
 
In the recent work for Project 41 in 2019, the original work of Rickley and Pierce (1980) was recreated by using the PCBoom 
(Plotkin et al., 2007) modeling software. The sound ray arrival locations, resulting from the PCBoom simulations showed very 
good agreement with the original Rickley and Pierce arrival locations.  
 
Given this confidence that PCBoom appropriately predicts the ray trajectories for secondary sonic booms, the work for this 
year focused on predicting the arrival locations for a variety of atmospheric conditions and locations in the United States. 
The Climate Forecast System (CFS) v2 (Saha et al., 2014) was used to obtain weather conditions for different times and 
locations.  
 
Boom Supersonic Cylinder Data 
The research team continued to study the results for aircraft other than the Concorde with the CFD data supplied by Boom 
Supersonic for their XB-1 demonstrator aircraft. These data were adapted to create cylinder input data for PCBoom. 
Previously, the ray arrival locations were successfully run with the cylinder option in PCBoom for the atmospheric conditions 
provided by Rickley and Pierce for the 1980 atmospheric data. The simulations were extended to examine the behavior of 
the XB-1 data for the year 2018. Figure 1 shows a comparison of the two aircraft in the summer and winter months. The 



	
	

	
	

arrival locations are highly similar for both aircraft. The arrivals impact the coastline for both aircraft during the summer 
months but have no secondary sonic boom impact during the winter months. 	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
Figure 1. Predicted ray arrival locations for the XB-1 demonstrator aircraft approaching New York City, flying the original 

trajectory flown by the Concorde, according to 2018 weather data. Figure 1a shows the comparison for the summer 
months between the Concorde arrivals and XB1 arrivals for similar weather and trajectory. Figure 1b shows the comparison 

for the winter months. 
 
Comprehensive Literature Review 
As mentioned in the 2020 Annual Report for Project 41, a comprehensive literature review of known references on the subject 
of secondary sonic boom was prepared. This paper was presented at the e-Forum Acusticum in late 2020 and is now available 
online as an open-access resource (https://hal.archives-ouvertes.fr/FA2020/hal-03229476). 
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Obtaining Historical Concorde Secondary Boom Data 
ASCENT Project 41 renewed interest in the secondary boom measurements described by Rickley and Pierce (1980). Volpe 
engaged in a task to examine media and files from National Transportation System Center archives and evaluate the 
possibility of extracting high-resolution digital data from the original measurement tapes. The archived materials were found 
to include tapes of both infrasonic measurements (the primary data type from the Rickley and Pierce report) and 
measurements from a secondary “acoustic measuring system,” which was intended to record events as perceived by a listener 
but had limited frequency response below approximately 20 Hz. As will be described, this effort was able to extract 
measurement data from the acoustic measurement tapes but not the infrasonic measurement tapes. The primary system 
was a four-track frequency-modulated (FM) instrumentation tape recorder, HP model 3960A, which recorded three channels 
of infrasonic data that were band-filtered (0.5–30 Hz) and the signal from an IRIG-B time code generator. The secondary 
recording system was a Nagra model IV-SJ instrumentation tape recorder (half-track) that measured outdoor acoustic data in 
the frequency band 15–20 kHz. Both systems used 0.25-inch magnetic tape on 7-inch open reels as recording media. 
 
Because recording logs were not found with the measurement tapes, the initial effort began with decoding the alphanumeric 
tape-labeling scheme. The investigation led to the discovery of key details not included in the Rickley and Pierce report, such 
as tape speed. Voice annotations made on both systems were used for positive identification and also provided useful 
measurement details. We determined that the 21 tapes attributable to the secondary boom measurement program are a 
subset of the reported measurements: acoustic measurements from 5 days in August of 1979 and infrasonic measurements 
from 8 days in August and September of 1979 (some measurement dates used multiple tapes).  
 
As of February of 2021, Volpe had access to only a Nagra IV-SJ tape recorder; therefore, the infrasonic data tapes could not 
be played back. However, a half-track recorder was able to play back voice annotation from the tapes recorded on the four-
track HP 3960A tape recorder, because the voice annotation channel was not frequency modulated.	 Evaluation of the 
infrasonic data tapes would probably require the same device model used in the original recording. Communication with E. 
Rickley confirmed that the Transportation Systems Center owned an HP 3960A, which was shared with another laboratory, 
but attempts to locate the device in the Volpe inventory were unsuccessful. However, we were able to play back audio from 
the acoustic measurement tapes by using the Nagra IV-SJ while digitally recording the output at 24-bit resolution with a 
sampling rate of 48 kHz. An IRIG-B timing signal recorded on the cue track of the acoustic measurement tapes allowed the 
digitized data to be compared with plotted measurements in the original report. 
 
Digitized secondary boom measurements are plotted in Figures 2 and 3 and compared with Figure 13 from Rickley and 
Pierce (1980). Although the measurement system used to produce Figure 13 in Rickley and Pierce (1980) was not directly 
specified, Figure 2 is likely to represent a comparison between infrasonic and acoustic data.  
 



	
	

	
	

 
 

Figure 2. Pressure time series from flight AF-001 on August 15th, 1979, at the Malden, Massachusetts site. The top plot is 
reproduced from Rickley and Pierce (1980); the bottom plot shows data extracted from the original acoustic measurement 

system data tape. 
 



	
	

	
	

	
 

Figure 3. Magnified portions of the signal from Figure 2, flight AF-001 on August 15, 1979, at the Malden, Massachusetts 
site. 

 
The overpressure levels in the extracted acoustic data are significantly lower than those reported by Rickley and Pierce 
(1980). The report data are likely to refer to the infrasonic measurements, and the acoustic system measurement had limited 
response below 20 Hz. The overpressure discrepancy appears to be due to the limited low-frequency response of the original 
acoustic measurement system. Of note, however, waveforms can be observed in the acoustic measurement system data that 
correlate well with the reported arrival times. The ability to read the secondary boom signatures from the acoustic 
measurement tapes suggests that the infrasonic measurement tapes may also be in usable condition, because both sets of 
tapes were stored in the same physical box. This effort has also demonstrated that sufficient information concerning the 
measurements is available to extract and analyze the data of interest if a suitable functioning four-track recorder becomes 
available.  
 
Milestone 
The team successfully compared the XB-1 demonstrator secondary boom predictions to those for the Concorde. 
 
Major Accomplishments 
The team successfully demonstrated that secondary sonic booms are expected near the coastline of the United States due 
to an aircraft other than the Concorde. Furthermore, a comprehensive literature review on secondary sonic booms was 
published. Initial attempts to read Concorde secondary boom acoustic data were successful, and additional work is required 
to obtain infrasonic data. 
 
Publications 
Sparrow, V., & Riegel, K. (2020, December). 2020 literature review of secondary sonic boom [Paper presentation].  
Proceedings of the 2020 e-Forum Acusticum, European Acoustics Association, Virtual meeting. https://hal.archives-
ouvertes.fr/FA2020/hal-03229476 
 



	
	

	
	

Outreach Efforts 
None 
 
Awards 
None 
 
Student Involvement  
None for Task 2 
 
Plans for Next Period 
Project 41 is now completed. All efforts have now shifted to the follow-on project, ASCENT 57.  
 
References 
Maglieri, D.et al. (2014), “Signature Deturbing,” Sonic Boom: Six Decades of Research, NASA Technical Report. NASA/SP-

2014-622. pp 51-52 
Plotkin, K., Page, J., & Haering, E. (2007). Extension of PCBoom to over-the-top booms, ellipsoidal earth, and full 3-D ray 

tracing [Presentation]. 13th AIAA/CEAS Aeroacoustics Conference, Rome, Italy. 
Rickley, E., & Pierce, A. (1980). Detection and assessment of secondary sonic booms in New England.  The Journal of the 

Acoustical Society of America, 69(S1), S100–S100. https://doi.org/10.1121/1.386524 
Saha, S., Moorthi, S., Wu, X., Wang, J., Nadiga, S., Tripp, P., Behringer, D., Hou, Y.-T., Chuang, H., Iredell, M., Ek, M., Meng, 
J., Yang, R., Mendez, M. P., van den Dool, H., Zhang, Q., Wang, W., Chen, M., & Becker, E. (2014). The NCEP Climate Forecast 
System Version 2.  Journal of Climate, 27, 2185-2208. https://doi.org/10.1175/JCLI-D-12-00823.1 
 


