Hot Topics In
Physical Acoustics

Dept. of Physics
and Astronomy
University of Mississippi

P
J.R. (Josh) Gladden M LT
L

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

ASA Fall Meeting
November 12, 2008

J.R. Gladden



Outline

= Sound waves in the early universe
= Nature of sound in a hot plasma
= Acoustic imprint in the microwave background
= Connections to dark energy and matter

*= Acoustics and slip-stick friction
= A table top model fault zone
= The role of transient elastic waves
= Connections to earthquake triggering

= Acoustic Metamaterials

= Generalized wave phenomenon

= Coherent scattering effects:
negative index of refraction, band gaps

= Applications: acoustic lenses, filters, cloaking
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Sound waves in the early universe

Inflation phase (0 - 380k yrs)
(n,p) matter was fully ionized
coustic waves driven by radiation pressure

Momentum transfer
between photons and
free electrons e,
Source: small, early
(quantum?) fluctuations
In photon density
3 radiation pressure

gradients
= propagating sound '
waves.

Dark Energy
Accelerated Expansion

Reference: Eisenstein and Bennett, Physics Today, p. 44-50,April 2008
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end of the acoustic era

At Recombination (~380k years), free electrons

HH . . .

5 the restoring potential vanished, the
essure distribution was frozen in time.
attern is still reflected by anisotropies in the
CoSmic microwave background.

Eisenstein and Bennett, Physics Today, April 2008
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Kinson Microwave Anisotropy Probe

= Pressure map of sound
field at Recombination

= Average microwave
background: T~2.725K
with small variations.

= Power spectrum versus
angular size in the sky
shows harmonic peaks.

= First peak (480 Mly -
acoustic scale)
corresponds to distance
a sound wave traveled
during inflation.

i s »— = Predicted by Andrei
| Sakharov (1965)

MMMn and Bennett, Physics Today, April 2008 J.R. Gladden
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inson Microwave Anisotropy Probe
Video from NASA WMAP Science Team

lllustrates relation of primordial
acoustic waves to anisotropy map.

Animation Link

[ map.gsfc.nasa.gov/media/030658/index.html ]
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yund waves and dark matter

Anisotropy lead to
sterin go f
clusters)

: aryon acoustic

cillation peak

_osmological

il -
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H‘HHH ‘HHH 90 180 450 °00

oar ni t rk COMOVING SEPARATION (Mly)
1 hic to da Eisenstein and Bennett, Physics Today, April 2008

atter

Dark matter:
unknown structure, immune to light, but has mass.
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and slip-stick friction

iction is a very complicated matter ... and in view of
the work that has been done on it, it is surprising that more
unc erstanding of this phenomenon has not come about.”
--Richard Feynman, ~1965
lip-stick friction plays a
ital role in earthquake

I]
| .
dynamics

Sranular interface

) e <4
broduces unexpected L NIZIT R
u , 2
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Force chains in granular media
courtesy of Behringer, Duke Univ.
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The importance of

earthquake science

Andreas Fault Sichuan Province, China 2008
rtesy of USGS courtesy of Time.com

= San Francisco 1906
i courtesy of Library of Congress
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aboratory models allow

or precise control and
etition

- .

Shear model with glass

interface (125um)

il
ransducer introduces

‘ransient acoustic pulses
(1 - 20 kHz)

COUStlc stress ~1% of
\;;:;:: transverse stress

Block displacement rate
~ 5um/s

Fault on a table top

P.A. Johnson, et al.,Nature Letters 451 (3), 57-61, Jan 2008

Constant
displacement
rate

--'-l Sy Constant

Wave source Accelerometer

Glass beads

courtesy of Nature Letters, 2008
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8ehavior without vibration

ress patterns very
2gular with period

250 seconds
i

1.8

ress drops of 30%

Shear stress (MFa) o
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courtesy of Nature Letters, 2008 IR Gladden i



Three observations
with vibrations

waves disrupt [ T T T e ol

slip-stick period Ty -
\Coustic waves trigger | [/// /«//[[[[ j
Immediate and delayed _

0.5 MPa

small magnitude events

train memory is - Vibration
aintained through _
successive large i

| . . .
” agnitude slip-sticks

. | | | | 1
o0 effects for acoustic 2,000 2,100 2,200 2,300

. Time ()
Stresses < 1% of static shaded regions are locations and

durations of introduced vibrations

courtesy of Nature Letters, 2008

Shear stress
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Acoustic Metamaterials

Guenneau, et al.,New Journal of Physics 11 399 (2007)

A new world for acoustic

ngineers IS opening up!

ispersion relations can be
uned and enriched by
ambedding arrays of

Jeometric objects.

ovel effects: negative index of refraction and
)yand gaps 3 acoustic trapping, flat acoustic
nses, filters

{
.‘f' Torrent, et al.,
18

.. New Journal of Physics
2 9323 (2007)
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egative index of refraction

Parallel component of AANAAAAAAA

m ,
wave vector
direction

RAM: negative
efraction acoustic
aterlal

Applications:
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Band gaps

H\ i |<" 1 H w i 'mwn ! ‘\, I w

‘\
HW ebio Sempere

aveguides.

2z-Sala, Nature 378 241 (1995)

ameters: geometry, wdﬁ(—_F | >/

od|C|ty, symmetry, defects | band gap

/
plications: filters and 1 V

wuu ators, acoustic traps and

by Martinez-Sala, et al. in a
periodic array to steel tubes.
Strong attenuation ~1670 Hz.

= Due to resonances of
scattered waves between
structures.

Guenneau, et al. (2007)
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Conclusions

’hysical acoustics continues to
creasingly contribute to a wide variety of
undamental science and technology fields.

he topics presented here represent a
small portion of ground breaking and far
eaching acoustics research.

advances in cross-disciplinary
will require wider collaborations for
ohysical acousticians.

3 New opportunities!
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