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Outline 

• Sonic Boom Basics 

• Research Problem and Approach 

 

• Field Tests 

• Laboratory Study 
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Sonic boom 
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Historic sonic boom highlights 

• 1947  Chuck Yeager first flies supersonically 

• 1964  Sonic boom tests in OK end prematurely due to negative 

  public reaction 

• 1976 – 2003  Concorde flies supersonically over Atlantic Ocean 

• 1990s NASA High Speed Research Program 

• 2003  Shaped sonic boom demonstration 
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By the time the shocks have 

propagated only a few hundred 

feet, they have begun to coalesce. 

A typical nearfield pressure 

distribution immediately below a 

supersonic aircraft 

Within a few thousand feet, the shocks 

have completely coalesced into an “N 

wave” and retain that shape as it travels 

toward the ground … 

… resulting in a loud  

Sonic Boom at the ground 
10000’ 

Sonic boom basics: N-wave 



Sonic boom basics: factors affecting loudness 

Peak Overpressure 

Duration 

Rise Time 



45000’ 

A nearfield pressure distribution 

of a low boom shaped 

supersonic aircraft 

44900’ 

Very little coalescing after a few 

thousand feet 

40000’ 
Signature retains its shape all 

the way to the ground … 

… resulting in a significantly  

    quieter Sonic Boom 

    at the ground 
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Sonic boom basics: shaped sonic boom 



Research goal: dose-response relationship 

Level of cumulative annoyance model 
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Range of exposure (extrapolated from results of 

propagation studies and structural investigations) 

Data from field tests 

 (based on single-event model from lab studies and energy addition theory) 
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Research approach 

• Goal: develop validated models for each block 

• Methods: theory, lab experiments, field experiments 

 

Shock flow 

field from 
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Field Test 1 (May 2011) 
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Partners 

• NASA Langley, NASA Dryden 

 

 

 

• Boeing 

• Northrop Grumman 

• Penn State University 

• Cessna 

• Nagoya University, Japan 

Other equipment support: AFRL, NASA Marshall 

Other Collaborators: Metro Laser, Seismic Warning Systems 

Dryden 

Langley 

Marshall 



Validate propagation model for focus boom 
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Increasing Mach number 

Rays 

cross 

Mach angle 

decreases 



Pictures from Field 

Test 1 
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Field Test 2 (Nov 2011) 
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Partners 
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Langley 

Dryden 

Fidell 

Associates 

NRA leadership & integration 

Sonic boom data analysis 

Noise exposure design 

Statistical data analysis 

Smartphone study 

Subject Recruitment 

Coordination with EAFB 

Subjective data collection 

Sonic boom monitors 

Recruitment 

coordination 

Sonic boom monitors 



Field Test 2 
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• Research Goal: a pilot test to develop community sonic boom test methods 

– objective data acquisition 

– subjective data collection 

– analysis methods 
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Field Test 2: Video 
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Field Test 2: Results 
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Noticed Boom

Bothered by Boom

Preliminary Data from Two-Week Study 
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Laboratory: 

Interior Effects Room (IER) 
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IER animation 
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Characteristics of the IER 

• IER response similar to field data 

• Indoor reverberation can be manipulated 

above 200 Hz 

House IER 
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Uncertainty analysis 

• Uncertainty ≡ range of measured values attributable to quantity being measured 

 

• Not whether  there is uncertainty, but how much  

 

• Uncertainty necessary for data comparison 

– within a single lab 

– among labs 

– between lab data and field data 

 

 

23 Microphone locations inside IER 



Uncertainty procedure (ISO GUM) 
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Uncertainty components 
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Uncertainty budget 
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Combined uncertainty of sound levels (1σ) 
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Uncertainty propagated to noise metric 

• Uncertainty (2σ) based on Monte Carlo Method (MCM) procedure 

– interior (boom alone): 0.6 [dB PL] 

– interior (boom + rattle): 0.5 [dB PL] 

– exterior: 0.2 [dB PL] 
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Summary 

• Field Test 1: Focus boom model validation 

 

 

 

 

• Field Test 2: Community response pilot test 

 

 

 

• Lab Study: Uncertainty analysis 
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Thank You 
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Backup Slides 
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Sonic Boom Simulator 
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