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Cosmic Sound Waves

Primordial Sound Ripples seen in
WMAP Cosmic Microwave Background



Cosmic Sound Waves
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Saturn’s North Pole Vortex
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Jupiter’s Great Red Spot

e Persistent Anticyclonic Storm
* > 190-300 years old

e rotates counterclockwise,

period ~ 6 (earth)days
* 24-40,000 km E-W
12-14,000 km N-S
- winds around the edge ~120 m/s

~430 km/h

confined by
- modest east jetstream south

- very strong west jetstream north
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Jupiter’s Great Red Spot

May 15, 2008 June 28, 2008 July 8, 2008

Jupiter’s Red Spots
Hubble Space Telescope = WFPC2

NASA, ESA, and A. Simon-Miller (NASA Goddard Space Flight Center) = STScl-PRC08-27




Jupiter’s Great Red Spot




Jupiter’s Great Red Spot

e Persistent Anticyclonic Storm

tl] @ Constant spinning
Hot gases in the ga
How e Great ;::Ealt'ltg'rssatrr:zstplfefesarein.zl ® > 190-300 yeaI'S Old

REd SPOt works constant twirl, continually

rising and falling.

e rotates counterclockwise,

iod ~ 6 (earth)days

B Drolpping the perio ( ) Y
cool gas

The casler * 24-40,000 km E-W
through Ju

atmosphere an

forces start to cause 12_14,000 1(m N_S
- winds around the edge ~120 m/s

ground on Jupiteil'-t-::; ~430 1(m / h

create friction.

High winds @
If you were to stand
inside the Great Red @ The shifting and
Spot, you would merging of eddies fi
find that wind Eddies that are made ® con 1D€d by
speeds are able to are able to move
reach 400km/h around and maer, :
. . X ! : 5 EE
(as0mMBh) e e - modest east jetstream south

bigger and much maore
powerful storms.

- very strong west jetstream north




Jupiter’s Great Red Spot

The Coriolis force
diverts winds.

Persistent Anticyclonic Storm

> 190-300 years old

rotates counterclockwise,
period ~ 6 (earth)days
24-40,000 km E-W

12-14,000 km N-S

winds around the edge ~120 m/s

~430 km/h

confined by
- modest east jetstream south

- very strong west jetstream north
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Jupiter’s Great Red Spot

West Longitude

Persistent Anticyclonic Storm

> 190-300 years old

rotates counterclockwise,
period ~ 6 (earth)days
24-40,000 km E-W

12-14,000 km N-S

winds around the edge ~120 m/s

~430 km/h

confined by
- modest east jetstream south

- very strong west jetstream north




fluids of different density




Rayleigh-Taylor Instability
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~ Kelvin-Helmholtz Instability

at the boundary of 2 shearing fluids



Kelvin-Helmholtz Instability
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KH instability in cloud cover



Kelvin-Helmholtz Instability

KH instability in Saturn’'s atmosphere



onic ™A o’r'ion_ & Shockw

.-r#_- L | g ! "r_'-.'







¥
)

‘Supersonic Motion & Shbckway

i 'II-
.r_III‘ }
Y, l-r

e s

,
o
o J||
1
~ _J:-I-
.—‘l. i .




Cosmic ,Shockwave.
Super'novd remnc 1t CasA




Gas streams
along magnetic field lines

Solar surface
TRACE |
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