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FIVE-MINUTE OSCILLATION: OBSERVATIONS
Robert J. Rutten

http://www.staff.science.uu.nl/˜rutte101

• discovery
– (Plaskett 1954), Leighton et al. 1960

– chromospheric 3-min: Noyes 1967

• confusion
– restoring force: pressure, gravity, magnetic field?

– nature: propagating, standing, evanescent?

– periodicity: piston, cavity, filter?

– origin: subsurface, surface, atmosphere?

• enlightenment
– prediction: (Leibacher & Stein), Ulrich 1970

– spherical sun: Wolff 1972, Ando & Osaki 1975

– identification: (Ulrich & Rhodes), Deubner 1975

• deployment
– helioseismology: low-l networks, South Pole⇒ GONG, SOHO/MDI, SDO

– time-distance local helioseismology & far-side mapping

– asteroseismology
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REVIEWS

• Jain et al.: Fifty Years of Seismology of the Sun and Stars 2013ASPC..478.....J

• William (Bill) Chaplin (2006): Music Of The Sun: The Story Of Helioseismology

• Jack B. Zirker (2003): Sunquakes: Probing the Interior of the Sun

• Deubner & Gough: Helioseismology: Oscillations as a Diagnostic of the Solar Inte-
rior 1984ARA&A..22..593D

• Stein & Leibacher: Wave generation, in “The Sun as star” (orange book)
1981NASSP.450..289S

• Stein & Leibacher: Waves in the solar atmosphere 1974ARA&A..12..407S

• Bray & Loughhead: The Solar Chromosphere 1974soch.book.....B

• Leibacher: PhD thesis [1971PhDT.........1L] @ ADS?

http://adsabs.harvard.edu/abs/2013ASPC..478.....J
http://adsabs.harvard.edu/abs/1984ARA&A..22..593D
http://adsabs.harvard.edu/abs/1981NASSP.450..289S
http://adsabs.harvard.edu/abs/1974ARA&A..12..407S
http://adsabs.harvard.edu/abs/1974soch.book.....B
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PLASKETT: (TOO) EARLY DISCOVERY

1954MNRAS.114..251P

http://adsabs.harvard.edu/abs/1954MNRAS.114..251P
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DISCOVERY
Leighton, Noyes & Simon 1962ApJ...135..474L

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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SUPERGRANULATION
Leighton, Noyes & Simon 1962ApJ...135..474L

MDI supergranulation movie

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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SUPERGRANULATION MEASUREMENT

Noyes 1967IAUS...28..293N

http://adsabs.harvard.edu/abs/1967IAUS...28..293N
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SUPERGRANULATION CARTOON

Noyes 1967IAUS...28..293N

http://adsabs.harvard.edu/abs/1967IAUS...28..293N


start all talks index

REVERSED GRANULATION
Leighton, Noyes & Simon 1962ApJ...135..474L

• DOT movie 2002-12-08-QS-gb+ca-L7.mpg

• DOT comparison G-band - Ca II H intensities 2004A&A...416..333R

• KIS comparison G-band - Ca II H intensities 2005A&A...431..687L

• SST comparison Mg I b2 and Na I D1 2011A&A...531A..17R

• Na I D1 seismology 2011A&A...531A..17R

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
http://adsabs.harvard.edu/abs/2004A&A...416..333R
http://adsabs.harvard.edu/abs/2005A&A...431..687L
http://adsabs.harvard.edu/abs/2011A&A...531A..17R
http://adsabs.harvard.edu/abs/2011A&A...531A..17R
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FIVE-MINUTE OSCILLATION
Leighton, Noyes & Simon 1962ApJ...135..474L

MDI Doppler movie

DOT movie 2002-12-08-QS-gb-L7+H7+2xsmooth.mpg

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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CHROMOSPHERIC DYNAMICS

Leighton, Noyes & Simon 1962ApJ...135..474L

DOT movie 2004-10-15-filament-gb+ca+haw+hac.avi: quiet area with filament

DOT movie 2005-07-13-AR10789-gb+caw+hac+had.mpg: quiet region with small spot

SST movie 2005-10-04: active region near limb

DOT movie 2006-04-24: very rapid stuff

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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SPECTROHELIOGRAPH TRICKS

Spectroheliograph and two-slit spectroheliograph:
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PHOTOGRAPHIC DOPPLER ANALYSIS

Leighton, Noyes & Simon 1962ApJ...135..474L

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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PHOTOGRAPHIC CROSS-CORRELATION

Leighton, Noyes & Simon 1962ApJ...135..474L

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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SPECTROHELIOGRAPH TRICKS

Difference and sum plates:
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SUPERGRANULATION

Leighton, Noyes & Simon 1962ApJ...135..474L

http://adsabs.harvard.edu/abs/1962ApJ...135..474L
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SPECTROHELIOGRAM SCANNING
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FIVE-MINUTE OSCILLATION

Leighton, Noyes & Simon 1962ApJ...135..474L



start all talks index

OSCILLATION POWER WITH HEIGHT

Noyes 1967IAUS...28..293N

http://adsabs.harvard.edu/abs/1967IAUS...28..293N


start all talks index

CHROMOSPHERIC THREE-MINUTE OSCILLATION
Cram 1983ApJ...272..355C

http://adsabs.harvard.edu/abs/1983ApJ...272..355C
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FIVE MINUTE OSCILLATION WAVETRAINS
Stein & Leibacher 1974ARA&A..12..407S

http://adsabs.harvard.edu/abs/1974ARA&A..12..407S
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FIVE MINUTE OSCILLATION AS RANDOM PHENOMENON
White & Cha 1973SoPh...31...23W 1973SoPh...31...55C

http://adsabs.harvard.edu/abs/1973SoPh...31...23W
http://adsabs.harvard.edu/abs/1973SoPh...31...55C
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DIAGNOSTIC DIAGRAM
Whitaker 1963ApJ...137..914W

• clear derivation of slanted gravity waves in stratified medium

• clear presentation of diagnostic diagram (“k–omega”, “FLD”?)

• explained corona and solar wind streamers....

• thanks to C.O. Hines 1960CaJPh..38.1441H and E.N. Parker

http://adsabs.harvard.edu/abs/1963ApJ...137..914W
http://adsabs.harvard.edu/abs/1960CaJPh..38.1441H
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DIAGNOSTIC DIAGRAM
Mein 1966AnAp...29..153M

http://adsabs.harvard.edu/abs/1966AnAp...29..153M
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http://adsabs.harvard.edu/abs/1966AnAp...29..153M
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FIVE MINUTE OSCILLATION K–OMEGA
Frazier 1968ZA.....68..345F

Stein & Leibacher 1974ARA&A..12..407S

http://adsabs.harvard.edu/abs/1968ZA.....68..345F
http://adsabs.harvard.edu/abs/1974ARA&A..12..407S
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p-MODE CONFUSION
Deubner 1972SoPh...22..263D

(exam: whose Solar Physics volumes did ADS scan?)

http://adsabs.harvard.edu/abs/1972SoPh...22..263D
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FIVE MINUTE OSCILLATION: FIRST LIGHT
Ulrich 1970ApJ...162..993U

http://adsabs.harvard.edu/abs/1970ApJ...162..993U
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THE SUN IS A SPHERE
Wolff 1972ApJ...177L..87W

http://adsabs.harvard.edu/abs/1972ApJ...177L..87W
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THE SUN IS A SPHERE
Wolff 1972ApJ...177L..87W

http://adsabs.harvard.edu/abs/1972ApJ...177L..87W
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NUMERICAL p-MODE PREDICTION
Ando & Osaki 1975PASJ...27..581A

http://adsabs.harvard.edu/abs/1975PASJ...27..581A
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p-MODE IDENTIFICATION
Deubner 1975A&A....44..371D

http://adsabs.harvard.edu/abs/1975A&A....44..371D
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p-MODE ROTATION
Deubner, Ulrich & Rhodes 1979A&A....72..177D

http://adsabs.harvard.edu/abs/1979A&A....72..177D
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SOHO HELIOSEISMOLOGY
http://sohowww.nascom.nasa.gov/gallery/MDI

http://sohowww.nascom.nasa.gov/gallery/MDI
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SOHO HELIOSEISMOLOGY
htp://sohowww.nascom.nasa.gov/gallery/MDI

htp://sohowww.nascom.nasa.gov/gallery/MDI
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SOHO LOCAL HELIOSEISMOLOGY
http://sohowww.nascom.nasa.gov/gallery/MDI

tachocline movie

local helioseismology

underneath a sunspot

sunspot tomography

AR9393 nearside + backside

http://sohowww.nascom.nasa.gov/gallery/MDI
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http://www.staff.science.uu.nl/˜rutte101
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– (Plaskett 1954), Leighton et al. 1960

– chromospheric 3-min: Noyes 1967

• confusion
– restoring force: pressure, gravity, magnetic field?

– nature: propagating, standing, evanescent?

– periodicity: piston, cavity, filter?

– origin: subsurface, surface, atmosphere?

• enlightenment
– prediction: (Leibacher & Stein), Ulrich 1970

– spherical sun: Wolff 1972, Ando & Osaki 1975

– identification: (Ulrich & Rhodes), Deubner 1975

• deployment
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STAGGER/MULTI3D Na I D1 DOPPLERGRAMS AS UNSIGNED MAGNETOGRAMS

Rutten et al. 2011A&A...531A..17R

|Bz| at h = 0 km

|Bz| at h = 500 km

http://adsabs.harvard.edu/abs/2011A&A...531A..17R
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