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Review of Observations Relevant to Solar Oscillations

Philip d. Scherrer

Institute for Plasma Research
Stanford University
Stanford, CA 94305

i. Summary

descride some
recent solar oscillation odservations
and methods used. T™he prodblem of
identification of modes of oscillation
and interpretation (and thus motiva-
tion) will not be discussed here since
those topics are discussed Adby Jorgen

Christensen-Dalsgaard and Douglas
Gough i» these proceedings. This
reviev 1s also restricted to observa-

tions made in 1integrated or
iptegrated sunlight  (1i.e.

star odbservations). <%~—~

The odservations are easy to sum-
marize: p-mode oscillations of 1low
degree (1=0 to £-10), and mayde g-
modes, are found 4in velozity and
dbrightness. The anplitudes are in the
range of 12 cm/sec in velocity, 18°-6
ir drightness, and 4x10 -7 in apparent
diameter. The periods of the most
certain observations are in the 5~
minute range which 4includes pericds
from 3.8 to 7 minutes. While p-mode
and g-mode oscillations are expected
from 3 to more than 302 minutes, it 1is
useful to divide the possible period
range into the three intervals for

almost
sun-as-a-

which results have been reported. The
three ranges are discussed telow.
The first is the S-micute range

for whick the most dramatic and cer-
tair results have deen reported. The
second {s the 10-120 minute range for
which solar “diameter” oscillations
kave been reported. The third 1s the
1€2-minute oscillation found in velo-
city and several other quantities.

Table 1 is a summary of the main

results for each of these ranges. 1
make no claim that tabdble 1 {s com-
plete. Yhere there is typically more

than one author listed on papers pro-
duced by a given group or f{nstitution,
the odserver name listed is oae that
appears on all or most of the papers.
In cases where the observations diad
not show clear evidences of oscilla-
tions, I have shown the implied upper
limits in parentheses. In general the
amplitudes reported are per mode
rather than power per frequeacy inter-
val.

2. 5-Minute Velocity Oscillations -~
Resonant Scattering Spectrometers
2.

1. PFirst Results

Acoustic mode osciliations were
pot observed on the sun until 1G€2
(Leighton et al) reported observations
of 5-minute velocity oscillations.
The nature of these observaticms was
not understood and verified until the
suggestion by Ulrich (197¢) and verif-
ication by TLeubner (1675) that they
correspond to trapped acoustic or p-
mode waves. These oscillations are
characterized by low order (f through
pll or so) and high degree (1 of a few
hurdred). These modes provide infor-
mation about the outer few thousand
kilometers of the sun. These high-l
observations have been recently
reviewed by Duedner (1981) Leidacher
and Stein (1961) and by Rhcodes et al
(1961) and will not be further dis-
cussed here., In order to probe deeper

irto the sun the lowest order modes
must be observed.
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Obee Paraseter/Mathod Mplitudes (upper limit)
roees S minute 10-120 minute 160uinute
sirmingham V  Resonant scattering
Ilzu.... Na and K : \ 10 aw/s
,,xm'1u-mnm
Nice V  Rescnant scattering 30 aw/s
mt'ooo h
Crimea AV “odified magneotgraph S0 /s
Severny,... Fe I SI v
Stanford AV Modified magneotgyragh <10 av/s 20 a/s
SCherrer oo fo I S124
+
SCLERA R PFID limb position 0.4 milliarcsec
. mllgoco 4 x 1.0' “’
om L ACRDM, total 2 %1076 s x 10°%)
m.uob irradiance
Deubner 1 Uranus and Neptune s x10% (6 x 10°%)
- broadband photometry
Musamn & Wye Al large scale relative I 0.3K, 2 x 10" contrast)
Livingston T €1 5380 relative to Cont. (0.3 K, 3 x1070)
A
Kouchmy AI IR center-lisb variations 2x10
Crimea Al Radio Tesp. 2 x 10"
Crimes Circ. Pol., radio 1.5 x 0¥
Crimee M Mean Magnetic Pleld 2nT

Tadle 1. Summary of recent sun-as-a-star oscillation odservations.

Observations of the whole sun
velocity oscillations in the S-minute
pericd range vere first reported Dbdy
Claverie et al (1979). A sample of
this data is shown in figure 1. The
data showr 1s & mean power spectirum
from 6 sets of 2 contiguous days
observations at Izana in the Canary
I<lands in 1978 (from Claverie et al,
1980). These obdservations have been
interpreted as wvhole sun p-mode oscil~
lations of degree 1=0,1, and 2. The
average 67.5 micro~-Hz separation of
the peaks corresponds to the average
separation of modes with even and odd

-

The selection of 1=8 to 2 is made
by observing 1in integrated 1light.
Integrated 1light odservations yield
the average velocity wvéighted by limd
darkening and by the distortion of the
line profile by solar rotation. PFor a
given observing scheme, {.e. a given

set of spectral windows on the line
wings, the expected sensitivity to the
various oscillation modes can de com-

puted.

rarmey oo

Figure 1. A typical mean
trum odbtained by summing € power spec-
tra of data strings of
days. From Claverie et al (19€9:.

pover

contiguous
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This has been done dy several authors
including TCziembdowski (1977), Brookes
et al (1978), Ei1l (197¢),
Christersen-lalsgaard and Gough
(198¢), and Crristensen-Dalsgaard and
Gough (1682). The conclusion of these

studies is that whole-disk integrated
light observations are strongly
veighted to 1=6 to 2.

2.2. Methods

{(described below as the Nice group)
were made with an optical resonance
spectrometer. These spe:trometers

operate bty measuring the intensity of
Na or X resonant scattering. TFigure 2
shows @ typical arrangement. 3Sunlight

erters the instrument througa a narrow
band 4interference filter and a linear
polarizer. The polarized 1light then
enters the Na (or X) vapor cell. The
cell is located in a strong, uniform

magretic field oriented normal tn the
The observations of Brookes et al light path and normal t¢ the 1linear
(197€),(referred tc below as the Birm- polarizer.
ingham group) and of Grec et al
(19€2),
photormultiplier
Figure 2. Schematic diagram of a )
resonance scattering spectrometer. lineor circular analyser
(From Fossat and Roddier, 1971). poloriser18 6000iG. magnetic fisld B .
il
Suntight [] /D( —— —
—_— M} | vapor—" L
u photomultiplier
filter circular onalyset .
photomul tiplier
Figure 3. Principle of the
resonant scattering devices.
(From Grec et al, 1976).
The resonant scattering from the Zee- spectrographic techniques. They are

man split components of the Na (or X)
line acts as spectral windows on the
wings of the solar line (see figure
3). Light observed along the magnetic
field will bdbe the circularly polarized
sigma compouents, one on each wing of
the solar 1line. 7The relative inten-
sity of the sigma components then is a
measure of the solar lire position.

have several
traditional

instruments
over

These
alvantages

o fmiAam i e a4 i e Aied oaca Bimn e’

small and inexpensive and thus easy to
move to a remote location {such as the
South Fole). Since the measurement is
made by direct comparison to a physi-
cal standard, the wusual sources of
spectroscopic arrors (mechanical flex-
ure, spectrograph seeing, spectrograph
dispersion, etc.) are absent. The
instrument accuracy 1s limited dy the
magnetic field stability, vapor tem-
perature ani oressure stability., and
detector stability. These factors are
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easy to centrol to the level needed to
keep instrument variadility well below
the systematic errors that come from
odserving a rotating body through the
atmosphere. These systematic errors
wvill bde described delowv. The Iinstru-
ments are descrided in detail dy Grec
et al (1976) and Brookes et al (197g).
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2.3. South Pole

The most dramatic observations of
sun oscillations are those made
at the

whole !
by Grec et al (1960 apd 1962
South Pole ia January 1688. The high
frequency resolution made possible by
the 6-day almost uninterrupted obser-
vation has allowed identifization of a
large numder of solar modes. Figure 4
shows the resulting spectrum of
minute modes.

=

[

s"ZmHz),

Figure 4. Pover spectrum of the South Pole data.

analysed has a duration of adbout 6 day
1s 1.97 micro-Ez.

Pigure 5 shows an Echelle diagram of
this spectrum. Whea the data 1is
presented in this form, the mode
structure 1is self-evident. The pro~
cedures used to identify the 1l-values
and to understand the frequency
separation and change 4in separation
with order are revieved by
Christensen-Dalsgaard and dy Gough {n
the two following papers.

Once the 1identification c¢f the
modes seems certain, the next
interesting questions concern the
lifetimes of ipdividual modes and any

rotational splitting of the 21+1
degeneracy. The frequency resolution

..............

Se

DTS W G N

ﬂuw:ty mHz

The sample
The frequency resolution

(Prom Grec et a1, 1982).

of this spectrum (about 2 micro-Hz) is
enough to allow a clean separation of
the mcdes that can be seen with a full
disk 1integration, but s rpot small
enough to see any rotational splitting
that might bYe reasonadly expected.
Superposed frequency analyses of the
modes of each degree show the width of
the peaks is bdroader thar the resolu-
tion in the spectrum. This can come
from an average lifetime of less than
€ days, rotational splitting, or a
combiration of both. It is also shown
that the peaks at hi her frequencies
are droader than those at 1lower fre-
queacies, Plots of the amplitudes of
individual modes (obtaiped £rom
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spectra of 12-hour segments) show
power modulation with a time scale of
1-2 days.

The conclusion of Grec et al is
that the modes may bde amplitude modu-
lated with a shorter 1lifetime with
increasing frequency. The amourt of
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phase modulation is uncertain. There
is a suggestion from the longer dura-
tion observations made by the Erming-
bam group that the phase may te maina-
tained for at least a monsth. In this
case, the amplitude modulatior seen by
the Nice group may de due to beating
betwveen the rotationally split modes.
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Figure 5. Echelle, or frequency-frequency diagram of the South Pole

data.

South Pole data in dots, Eirmingham data triargles, Stanford

data doxes, and ACRIM data inverted triangies. (From Grec et al, 19e2).

I have attempted to summarize the
lifetime question 1in figure 6. This
figure is a schematic drawing of the
oscillation 1lifetimes reported by a
numder of authors. The Nice results
are shown cross-hatched from 2 to 5
mEz. There is a general trend in fig-
ure 6 for longer lifetimes for lowver
frequencies. The trend may be due to
the 1lifetime of the observations as
much as to the lifetime of the oscil-
lations.

2.4. Rotation?

The Birmingham group has made an
effort to exteand the frequency resolu-
tiona by combdining data from many
nearly consecutive days into one
analysis. The obvious advantage with
this procedure is a very high resolu-
tion spectrum. The disadvantage comes
from comtining data from different

Avied (minate)
¥ . t " rt
1Y
;n'-t
?n‘- ! . / .
£ - j73%/////////
[ -y
~ ' : 3 Y \d
S Cmin)
Pigure 6. Schematic dliagram showing
reported lifetimes of velocity obser-
vations.
icstrument and sky conditions, and
from the horridble ghost structure in
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the spectrum introduced by déta 8aps.

The Ddenefit of 1increased resolution
mékes the painstaking data analysis
vorthwhile.

Pigure 7 {(Claverie et al, 191}
shows a superposed spectrum made by
aligreing all the 1=1 peaks from a
spectrum of 28-days of observations.
This triplet has bdeen interpreted as
the 21+ rotationally split com-
ponents. The resulting solar core
rotation would bYe 2-9 times faster
than the surface. This easy interpre-
tation 1is actually combplicated by the
appearance of all 3 components fand 5
ir the case of 1=2). The selection
rules that can Ye derived fcr the
symmetry of the full disk odbservations
show that only 1+1 peaks are expected,
(These pcints are discussed by Eill
(1978) and by Gough in these proceed-
ings). There does not yet appear to
be a completely satisfying resolution
to this difficulty. The agreement
hetween Birmingham, Nice, and Stanford
frequencies, and the agreement of
odserved and model frequency spacings
seemS ¢to rule out an error in mode
identification.

Note that the width of the peaks
in figure 7 is consistent with a high

’hl

Figure 7. Superposed spectrum
1=1 peaks
of data.

& 2

-]

Mean velocity amphitude (cm’s

of the
from a spectrum of 28-10{5
(From Claverie et al, 1981).

Q mode, l.e. lifetime greater than the
observation. This 1s shosn as an
arrov at 3 mHz oa figure 6.

. S5-Minute Velocity Oscillations
odified Magnetograph Spectrometers

.l.

Me thod

It XA

observa-
made in

The resonant scattering
tions descrived adove were
completely i{ntegrated light, thus
observing the whole sclar disk. An
alternate method for observing whole
sun oscillations was developed in 1974
by Severay et al (1976). This methnd
i1s based on a simple modification to
the solar magnetograph as cornfigured
to measure the integrated light solar
magnetic field. The result 1is an
instrument to measure differential
velocities. The procedures used 1in
the Crimea and at Stanford since 1976
(Scherrer et al, 1979) are <imilar.
The Stanford instrument will Dde
descrided here.

In
there 1is
wvell abdove
aperture.

the 1integrated 1light mode,
an image of the sun placed
the spectrograph entrance
Light from all nvparts of
this image enters the spectrograph
with no wveighting. The solar magneto-
graph measures the wavelengta differ-
ence between left and right circularly
polarized components of a solar
Fraunhofer line. In this mode, the
magnetograph measures the mean mag-
netic field. 1If left and right circu-
lar polarizers are inserted into tae
beam at the integrated light image
ahead of the polarization analyzer,
the magnetograph signal will be the
average veloclity difference Ddetween
the oppositely polarized deams. The
polarizer configuration used at Stan-
ford is shown in figure €. With this
arrangement, vhen observing in a mag-
netically insensitive line g=0, Fel
$124 A), The instrument measures the
average velocity difference bdetween
the center of the disk and the annulus
around the center. Since this s a
differential measurement, the normal
spectrograph errors are abdsent,
Earth’s rotation 1s also esseatially
absent from the signal.
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Figure 8. Polarizer configuratioa for
Stanford modified magnetograph spec-
trometer.

The main source of error ir this
odservation has the same source as in
the resonant scattering spectrometers.
That is, differential transmission
through the atmosphere across the
solar disk makes the instrument sensi-
tive to solar rotation. The motion at
the east and west limds from rotation
is about 2000 m/s. This mears that
even a small intensity imdalance
betveen east and west will result in a

net velocity signal large compared to
the expected c¢scillation velocity.
Ever in a perfectly clean sky, the

variation of airmass with zenith angle
willl result in a drift through the day

of some tens of m/s. This whole sky
transparency structure effectively
limits the range of oscillation
periods that can bYe examined to

periods less tkan 4 or 5 hours (on the
best days). Small scale transparency
patches introduce noise throughout the
spectrum. GCrec et al (1979) examined
this question and found that the typi-
cal atmospheric transparency coherence
size is adout 1 degree with amplitudes
of 9.7 to 2 percent on clear days.
The experience at Stanford has shown
that meaningfvl data can only be
obdtained on very clear days.

3.2. Results

The first observations with the
nodified magnetograph method were of
long period oscillations to be

-0-
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described below. Dittmer et ai /1978)
examined the integrated power around
te-minutes in search of variations in
pcwer with solar rotation (not found ',
but did not resolve {ndividual o~
modes. Christensen-Dalsgaard and
Gough (1982) have examined the seasi-
tivity of the Stanford aperture to
different modes. They found that only
1=3-7 modes should be fourd with
appreciable amplitudes. With such a
range of modes, the average Separation
between peaks would ve 46 micro-Hz as
compared to 68 micro-Hz for the
integrated 1light observations. There-
fore, for individual observations as
short as those by Tittmer et al
(1678}, discrete modes should not Dde
expected.

Longer observations (> & hours)
vere made by Severny et al {19€1) and
Scherrer et al (19682). Ia the case of
the latter observations made during a
month of exceptionally clear sky con-
ditions {2 1981, p~mode oscillations
have been identified with 1=3,4 and 5.
Figure 9 shows the average of the 15
separate spectra obtained., Line seg-

ments are shown at the locations of
the 1=3 modes identified in the Nice
South Pole observations. An Echelle

plet of the spectra is shown in flgure

10. Here, all Stanmford peaks are
350 AR | ¥ T ™" T
o L
|
- -4
= ] 1
- 1t .
§
N .
\
Ly i
Il A A A A /N
30 s 40 43
frequency (mMz)
Figure 9. Average of 15 spectra from
observations with an average duration
of 9.6 hours. The vertical lines are
the 1=3 frequencies from Grec et al,
1982. (Prom Scherrer et al, 1982).
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Figure 190. Echelle diagram cf Stan-
ford peaks (X). Also shown are the
octupole and some of the dipole modes

from the South Fole data
Scherrer et al, 1982).

(o). (From

represented dy dots and the Nice data
by squares. There is a suggestion of
1=2 modes and of higher l-value modes
causing some interference with modes
1=3 to 5.

The analysis of this data as a
combined data set to allowv an analysis
of the lifetime or rotation questions
has not yet been completed. Spectra
have been computed usirg all the data
spanning 28 days and do show well
defiped p-mode peaks suggesting that
tbte Stanford lifetime results will bde
closer to the Birmingham than the Nice

conclusions. The spectrum is confused
by the ghosts from wissing days and
nights.

4. Five Minute Oscillations - Lumi-

nosity

4.1. 7Tirst Results

A number of investigations of
glodal scale temperature, total irra-
diance, and relative bdrightness varia-
tions have Dbdeen made. Most of the
earlier (prior to 19681) papers
reported only upper bdounds to oscilla-
tion amplitudes. These are
represented by Livingston et al

(1977), Musman and Nye (1977), an~d
Deubner (1977) in Tadle 1. In each of
these sets of observations the wupper
bounds of any possidble oscillation
ampli tudes was found to be on the
order of 1 part 1in 1080@8. At this
level there is no conflict with the
ampli tudes that might bde ex~ected
based on the reported velocity obser-
vations.

4.2. ACRIM Results

More recent observations of
Deubner (1981) and Woodard and Hudson
(1982) have shown clear evidence of
oscillations in solar 1irradiance.
Deubdner, using bdroaddand photometry of
Uranus and Neptune, found statistical
evidence for discrete p-modes with 10
and 1 at periods close to those
observed with the resonant scattering
spectrometers.

Woodard and Hudson used data from
the Active Cavity Radiometer Ilrradi-
ance Monitor {ACRIM) onboard the SMM
spacecraft. The ACRIM data has a
greater accuracy than is possible from
the ground and shows a clear set of
p-mode peaks. Figure 11 is a portion
of the power spectrum cf 127 days of
data. The frequercies observed by the
Birmingham group are shown for com—-
parison. The amplitudes of the
brightest individual modes are about
four parts per million with more power
in the 1=2 modes than {n the 1=0
modes.

The amplitudes are coasistent with the
observed velocity amplitudes with the
assumption that photospheric compres-
sion and heating are the main cause of
the ©bdrightness fluctuations. The
4idth of the peaks suggests that the
oscillations are phase coherent for at
least a veek and possibly loager. The
analysis has not yet bdeen done with
enough spectral resclution to examine
the question of rotation.

5. Diameter Observations

At about the same time that the
Crimean, Birmingham, and Nice groups
vere beginning to obdbserve whole Sun

velocities, the group at SCLERA ‘Hill

e A a— A M A e mo A sa o me o mn e A=l e s m- e a2t o et
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Pigure 11. Fower spectrum from ACRIM total irradiance data. The frequencies

measured by the Birmingham group are shown for comparison.

and Hudson, 19E2).

et al, 1976) began a series of "diame-
ter measurements. Unlike the velo-
city ovservations, the diameter odser-
vations wvere Yegun te measure the
solar oblateness rather than oscilla-
tions. The signal that is noise to
the cblateness odservations has turned
out to de variations in the limb dark-
eaing profile that mimics diameter
oscillations. Due to the limited area
on the 1imd of the odservations, these
reasurements are most sensitive to
modes of low t¢c intermediate degree.
The period range reported has been
limited to the 10 to 120 minute inter-
val.

The obdservations are made by
recording the position of the solar
1imd. The limd is repeatedly scanned
with a8 small aperture. The limd posi-
tion 1s then defined as the 1lccation
at which a convolution of the scan
intensity and a predefined wveighted
window passes through zero. With
properly chosen weights, the method is
very 1insensitive to effects of atmos-—
pheric seeing (Brown et al, 1978).

the
of criticisms.
centered on the

These observations have been
subject of a numbder
The objections have

possivle influence of differential
refraction, the lack of a measurable
velocity signal in the same frequency

range, and the lack of observed 1limd
oscillations in the 5-minute range.
As a result of these criticisms, Hill
et al (1962) have made a careful study
of criteria that can be used to

(From VWoodard

oscillations from
Their conclusion

distinguish solar
terrestrial noise. i
is that the diameter oscillations
(particularly the 1679 data) are
almost certainly of solar origin.
The observations
& Hill, 1982) hnave
objections concerning
affects. This was accom-
scanning simultaneously
tvo scan lengths at six separate
1imd positions. Since the effect 1is
limited to the extreme 1limb, the
larger scan i{s insensitive to the limd

most recent
reported {Bos
removed the
atmospheric
plished Dy

with

darkening variations and can be used
as a reference. Thus, Six independent
measurements are made. These have
been examined in various combinations
to study the amount of differential
refraction and the symmetries o¢f the
oscillations. They concluded:

(1] The oscillatory phenomena are
spatially global;

[2] The frequencies are stadble to
better than one part in 100¢ over
an interval of 41 days; and

{3] The horizoatal spatial charac-
teristics have symmetry proper-
ties that identify an axis in the
Sun coinciding with the rotation
axis.

The i{nitial interpretation of the
limb oscillations as a change in

radius vere in conflict with the velo-

city measurements (Dittmer et al,

i . A A Rt »ﬁ—-—f.—:*T
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1978). Iill et al (1979) have since
shown that the signal comes from a
change in the limd orofile rather than
a radius change. The lack of velocity

data in the 1¢-120 minute range 1is
also partly due to lack of thorough
analysis. It is clear from the spec-

tra presented that any amplitudes are
very small (<2cm/s). This is at the
level of detectadility from the ground
and mray not be in conflict with the
diameter results.

The lack of reported power in the

S-minute range would seem to suggest
the odservation is not sensitive to
p-modes. Perhaps this topic bas not

yet received enough attention.

Only a small part of the srt»>ctrum
from the 15792 data has Y»een pub.ished.
This is shown in figure 12. According
to the analysis of Pos and Hill
(1982), most of the structure in fig-
ure 12 is solar powver.

Hill (19€2) has recently reported

rotational splitting im the spectra
from the 1979 obdservations. This
splitting suggests a core rotation

significantly faster than the surface,
as does the velocity data. Hopefully,
the normal processes of open exchange
of information will lead to comparis-—
ons of these different types of data.

€. 1€0 Minute Oscillations

6.1. First Observations

The first results of solar obser-

vations reported by the Crimean group
(Severny et al, 1976) was of 1€0-
minute velocity oscillations. The

1€@-minute oscillations have been con-
firmed by the Birmingham group
(Brookes et al, 1976) and the Stanford
group (Scherrer et al, 1979). Addi-
tional confirmation was made by
Scherrer et al (1982) and details of
the observations and analysis anid
problems were discussed by Kotov et al
(1978). The observations are made
with the same equipment {and usually
is the same data) as for the S5-minute
velocity observations.

The results can be summarized as
a whole sun velocity oscillation with
amplitude of 20-50 cm/s and a period
of 1€0.0095 +/- ©.0601 minutes. Tae
phase 1is coherent for at least 6
years. The signal has beean seen with
both modified magnetograph spectrome-
ters and with resonant scattering
spectrometers. The result has been
met with a great deal of skepticism.

-

Power Density
Millierceec®/ 0.20 LWz
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Frequency (LLH2)

Figure 12.

Ladoratory for Experimental Astrophysics.

and Hill, 1982).

A portion of the pover spectrum from the Santa Catalina

(SCLERA). (From Bos
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There are two basic reasons for
doudting the solar origin of the 1€@-
minute oscillation. These are the
nearness of 160.0085 minutes to
1€0.6600 mirnutes which happens to be
1/ day, and the apparent lack of
other significant peaks in the same
reglon of the spectrum.

In spite of many tests bdy the
groups making the observations, the
sirgle bdest support for solar origin
comes from the existence of the signal
with the same phase at two sSeparate
observatories. The systematic errors
due to sky transparency describdved
above intrcduces significant pover at
low frequencies into the data. The
analysis procedures used to date have
not bdeen adble to remove this power
except by fitting a polynomial to each
observation. Since the sky-
transparency drift is not exactly fit
by a low order polynomial some power
will be shifted 4into the region of
interest by the parabola subdbtraction.
Thus, any independent observatory
wouvld not bde adle to separate the
nearly 1/9 day signal {(and its. +/-
1/day ghosts) from the sky tran-
sparency artifact. Howvever, since the
signal is seen with the same phase at
both the Crimear and Stanford observa-
tories, a strong caseé can be made for
solar origin. It is also of note that
the period is only very near 1/9 day
and not exactly 1/9 day, but the raw
data without removing parabolas also
has peaks not exactly 1/9 day.

It should be noted that only a
single observable g-mode (solar oscil-
lations with periods much longer than
€¢ minutes can not dbe p-mcdes). Gough
has suggested that one or a few g-
modes might bde excited preferentially
by a resonance with p-modes. In any
case the fundamental rule that “any-
thing that does happen, can happen
must de remembdered.

€.2. Recent Results

Scherrer et al (1982) have com-
bined all the availadle data into one
aralysis with the spectrum {n figure
13 resulting. This spectrum was cal-
culated vith @ resolution of 2 nano-

-11~

Hz. The peak near 1€0 minutes is
actually three peaks, including the
1/year ghosts at +/- 33 nano-Hz. It
is clear from this spectrum that there
is something special adout the 1€0
minute oscillation.

6.3. Other Parameters

In addition to velocity obdserva-
tions, the 164 minute period range has
been studied in drightness, radio tem-
perature, radio polarization, IR
center~limd variations, total {rradi-
ance, and mean magnetic field {summar-
ized dy Kotov et al, 19€z).

The ACRIM data does not show any
significant power near 160 minutes
with an upper limit of 5 parts per
million. This seems in conflict with
the report by Kouchmy et al (19€0) of
IR variations with amplitude cf 420
parts ver million. Until these other
parameters are observed at other
observatories, preferadbiy with dif-
ferent 1longitudes, their solar origin
is likely to be viewed with some skep-
ticism.

7. Conclusion

The field of solar oscillations
is clearly exciting. ¥hile ground
based velocity measurements appear to
be limited to about 1 cm/s. there is
still much to be learned abdout the
solar 1interior from these observa-
tions. The recent observations of
many days obtained by the Birmirngham
group during the summer of 19681 has
not yet Dbeen fully analyzed. They
have attempted to kill the ghosts of
the nights by running two chserva-
tories with a large longitude separa-
tion. Perhaps this data will answer
the lifetime and rotation questions.

The six years of data collected
by the Crimeanm and Stanford groups is
just now being examined for lowver
ampli tude g-modes. The Stanford data
with a 15~-second time resolution 1is
also being re-eramined for S-minute
oscillations by combdining data 1into
longer data streams. The ghost probd-
lem may prevent success.




™

'.""{‘Iq '.: i '-f

RS S ron s s gt ots S LA - |

T

R LT

(R 2 ae o an

N

.......

-12-

(VELOCITY)?
(arbatrary)

(VELOCITY)?
(arbitrary)

160 140

(VELOCITY)?
{arbitrary)

(VELOCITY)?
{arbitrary)

(veLociTy)?
{arbstrary)

PERIOD
{munutes)

Pigure 13. Comdined Stanford and Crimean pover spectrum. The spectrum
includes periods from 1.2 hours to 4.€ hours, computed in steps of 2
nano~Hz. The peak near 1€2 minutes is seen to de unique ia this range.
(From Scherrer et al, 1982).
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There are plans by the Nice group

to return to the South Pole 1in
Lecember 1982 with a more stable
instrument with Dbetter data acquisi-

tion equipment. 1§ ¢ the weather
cooperates, the South Pole still can
provide the ©bvest ground Ddesed data
since there is no component of EFarth’s
rotation and only one instrumeat 1is
needed .

In the longer term, the possible
£1ight of the Disco spacecraft by the
European Space Agency near the end of
the decade may bde the dest Lope of
making the mm/s odbservations that can
really pin down the solar models.
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