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https://twitter.com/BattleNub19/status/1220716743196323840	

2	people	have	been	killed	in	an	explosion	at	a	Houston	manufacturer	
that	shook	the	city	and	damaged	homes	(CNN)	

https://twitter.com/BattleNub19/status/1220716743196323840	

https://raspberryshake.net/stationview/boom/stationview/	
https://raspberryshake.net/stationview/boom/stationview/#?net=AM&sta=R347E	

Snell’s	Law	for	sound	waves	

https://www.acs.psu.edu/drussell/Demos/
refract/refract.html	

The	speed	of	a	sound	wave	in	air	depends	on	the	temperature	(c=331	+	
0.6	T)	where	T	is	the	temperature	in	oC.	
During	the	day	the	air	is	warmest	right	next	to	the	ground	and	grows	cooler	
above	the	ground.	This	is	called	a	temperature	lapse.	Since	the	temperature	
decreases	with	height,	the	speed	of	sound	also	decreases	with	height.	This	
means	that	for	a	sound	wave	traveling	close	to	the	ground,	the	part	of	the	wave	
closest	to	the	ground	is	traveling	the	fastest,	and	the	part	of	the	wave	farthest	
above	the	ground	is	traveling	the	slowest.	As	a	result,	the	wave	changes	
direction	and	bends	upwards.	This	can	create	a	"shadow	zone"	region	into	which	
the	sound	wave	cannot	penetrate.	A	person	standing	in	the	shadow	zone	will	not	
hear	the	sound	even	though	he/she	might	be	able	to	see	the	source.	The	sound	
waves	are	being	refracted	upwards	and	will	never	reach	the	observer.	



A	temperature	inversion	is	when	the	temperature	is	coolest	right	next	to	the	
ground	and	warmer	as	you	increase	in	height	above	the	ground.	Since	the	
temperature	increases	with	height,	the	speed	of	sound	also	increases	with	height.	
This	means	that	for	a	sound	wave	traveling	close	to	the	ground,	the	part	of	the	
wave	closest	to	the	ground	is	traveling	the	slowest,	and	the	part	of	the	wave	
farthest	above	the	ground	is	traveling	the	fastest.	As	a	result,	the	wave	changes	
direction	and	bends	downwards.	Temperature	inversions	most	often	happen	at	
night	after	the	sun	goes	down	when	the	ground	(or	water	in	a	lake)	cools	off	
quickly,	while	the	air	above	the	ground	remains	warm.	This	downward	refraction	
of	sound	is	why	you	can	hear	the	conversations	of	campers	across	the	lake,	when	
otherwise	you	should	not	be	able	to	hear	them.	(remember	that	they	can	probably	
hear	you	too!)	

Snell’s	Law	for	Seismic	Waves	
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How	do	we	know	that	the	Earth’s	
out	core	is	liquid	and	has	slower	P	
wave	velocity	than	the	bottom	of	
the	mantle?	

Liquid	Outer	Core	(1906	
Oldham;	1913	Gutenberg;	

1926	Jeffreys)	

Infrasound	Monitoring	

https://en.wikipedia.org/wiki/Infrasound	

The	Comprehensive	Nuclear-Test-Ban	Treaty	
Organization	(CTBTO)	Preparatory	Commission	
uses	infrasound	as	one	of	its	monitoring	
technologies,	along	with	seismic,	hydroacoustic,	
and	atmospheric	radionuclide	monitoring.	The	
loudest	infrasound	recorded	to	date	by	the	
monitoring	system	was	generated	by	the	2013	
Chelyabinsk	meteor.	

https://www.ctbto.org/verification-regime/monitoring-technologies-how-
they-work/infrasound-monitoring/	
https://www.ctbto.org/fileadmin/content/reference/outreach/ctbto_spectrum_10/
p18_19_Recent_developments_in_IS_monitoring_technology.pdf	



https://www.ctbto.org/verification-regime/monitoring-technologies-how-
they-work/hydroacoustic-monitoring/	

Geophone:	a	device	that	converts	
ground	motion	into	voltage	
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AAA:	Analog	Anti-Aliasing	Filter	
DAA:	Digital	Anti-Aliasing	Filter	

Broadband	Seismometers	 Typical	seismic	deployment	

https://www.passcal.nmt.edu/content/instrumentation/sensors/sensor-comparison-chart	

Traditional	Land	Deployment	



New	types	of	sensor/recording	system	

6	month	of	continuous	recording;	
5000	channels;	
~150	TB	of	data	

http://gps.caltech.edu/~clay/EQmovies/EQmovies.html	

Cable	free,	fast	deployment	system	

http://www.gps.caltech.edu/~clay/LB3D/Survey.html	 Noise	Tracking	of	Cars/Trains/Airplanes	
5200	element	Long	Beach	array	(Dan	Hollis)	

Riahi,	Gerstoft,	The	seismic	traffic	footprint:	Tracking	trains,	aircraft,	and	cars	seismically,	GRL	2015		 34	

Zhan	(SRL,	2020)	

Distributed	Acoustic	Sensing	



Dark	fiber	refers	to	unused	fiber-optic	cable.	Often	
times	companies	lay	more	lines	than	what's	
needed	in	order	to	curb	costs	of	having	to	do	it	
again	and	again.		

Williams	et	al.	(Nature	Comm.,	2019)	


