
This	work	was	funded	by	the	US	Federal	Aviation	Administration	(FAA)	Office	of	Environment	and	Energy	as	a	part	of	ASCENT	Project	42	under	FAA	Award	
Numbers:	13-C-AJFE-PSU-020,	13-C-AJFE-GIT-023,	13-C-AJFE-UW-005. Any	opinions,	findings,	and	conclusions	or	recommendations	expressed	in	this	
material	are	those	of	the	authors	and	do	not	necessarily	reflect	the	views	of	the	FAA	or	other	ASCENT	Sponsors.

Project 42
Acoustical Model of 
Mach Cut-off Flight

Investigators: Victor Sparrow, Jimmy Tai, Michelle Vigeant, 
Juliet Page, Michael Bailey

Project manager: Bao Tong, FAA

September 27-28, 2016

Project Outline
1. Propagation Modeling

• Retrace Nicholls’ propagation theory to incorporate 
the proposed operational parameters

• Use ray calculation to assess the previous predictions 
for Mach cut-off operations

• Assess the robustness of the theory to realistic 
atmospheric conditions

2. Sensitivity Analysis
• Using the acoustical model, observe how Mach cut-

off flight would occur under various conditions
• Analyze input factors that have a significant effect on 

maintaining Mach cut-off flight
• Provide potential strategies for achieving Mach cut-

off flight in adverse conditions 

3. Human Subjective Testing
• Map descriptive words to Mach cut-off sounds
• Evaluate the effectiveness of existing metrics to 

predict the perception of Mach cut-off sounds
• Provide guidance for future subjective testing and 

assessment

4. Laboratory Experiment Design
• Determine the feasibility of laboratory-scale 

measurements of Mach cut-off
• Evaluate if turbulence-scattered energy increases the 

Mach cut-off sound heard on the ground, if viable

5. Technology Evaluation
• Using the sensitivity analysis, determine which 

factors are most important to achieving Mach cut-off 
conditions

• Assemble a strategy for required capabilities of 
current/future technologies

Background
Mach cut-off occurs when sonic booms are refracted
upward before reaching the ground. This
phenomenon typically occurs at low Mach numbers
and high altitudes (for example, 1<M<1.15,
h>35,000 ft. under standard atmospheric conditions).
Below is a ray diagram depicting this scenario.

[Maglieri et al., 2014]

Motivation and Objectives 
Motivation
The concept of Mach cut-off was introduced by
Lockheed engineers in the mid-1960s [Shurcliff,
1970]. Nowadays, Aerion Corporation and many
others believe that Mach cut-off supersonic flight is
both viable [Plotkin, et al., 2008] and very likely to be
acceptable to the public. Additional research needs to
be conducted to provide a technical basis for
rulemaking regarding Mach cut-off operations.

Objectives
• Model sonic boom propagation
• Identify an appropriate metric to predict 

annoyance
• Determine the feasibility  of measuring Mach cut-

off signals on a laboratory scale
• Analyze sensitivity of ray paths to atmospheric 

conditions
• Evaluate technologies to facilitate Mach cut-off 

flight

Initial Project Flow

This project has just started


