OTHER GROUNDBASED OBSERVATIONS

T.L. Duvall Jr.^1

1 NASA Goddard Spaceflight Center, Greenbelt, Md. 20771, USA; TDuvall@solar.Stanford.EDU

ABSTRACT

There are still roles to be played for modest ground-based observational programs in these days of big space experiments and ground networks (SOI/MDI, GOLF, VIRGO, GONG). Some of these roles are for niche observations not part of the goals of the big projects or not necessarily done well by them. SOI/MDI will have excellent capabilities to observe short wavelength oscillations. However, it may not be observing long enough to give information about the solar cycle, leaving an opening for programs making synoptic observations of high-degree modes. For similar reasons, long term observations of low-degree modes can also make important contributions. Another area that the big projects may miss is at high temporal frequencies. Another role that modest groundbased programs will play is as a testbed for new techniques and instrumentation. The large programs in general must use proven technologies in a relatively conservative approach. New approaches must first be tried out on a modest scale, to see if they can be useful. If twentyfour hour coverage is required, the South Pole is a good possibility for a testing site. Alaska is another possibility with 19-hour coverage and much easier logistics. Some of the programs have been run for many years and the systematic errors are well understood. It will be advantageous to compare the results of the new experiments with the older ones to look for systematic errors.

Keywords: helioseismology, ground-based, observations.

1. THE PROGRAMS

In Table 1 is a list of the ongoing observational programs. As this is a forward-looking review, programs that are no longer observing, such as the Big Bear program and HAO’s Fourier Tachometer, are not discussed. Each of the programs will be discussed in turn.

1.1 BISON (Birmingham Solar Oscillation Network)

This, the oldest of observational programs, is currently one the most active (Elsworth et al 1995[18]). The Sun is observed in integrated light with a potassium resonance scattering device. The Tenerife site started operation in 1974. Multiple station operation started in 1981 and six stations have been operating since 1992. It is expected to be able to get 70-80% coverage with the current configuration.

This group has been very active scientifically in recent years. Elsworth et al 1994[14] found the temporal frequency variation of the solar cycle effect on mode frequencies at low degree. Measurements of rotational splitting of l = 1, 2 were extended down to 1.4 mHz (Elsworth et al 1995[15]). They find the relatively low value of 440

� 10 nHz. Elsworth et al 1995[16] measured the separa-

tion of the l = 0/2 mode pairs. Their results support a model that includes Helium settling in the core. It was confirmed that the strengths of modes are described by χ^2 with two degrees of freedom (Elsworth et al 1995[17]).

One of the great triumphs of helioseismic networking is shown in Fig. 1, a small portion of a spectrum of four

Table 1: The ongoing groundbased observing programs (other than GONG). The first column is an identifier for the program, the second is an organization(s) associated with the project (if the number is small), and the third is the spatial frequency range covered by the program (inter. is short for intermediate). The order is oldest first. BISON is the Birmingham Solar Oscillation Network. IRIS stands for International Research on the Interior of the Sun. POI stands for P -Mode Oscillation Imager. HLH is the High-l Helioseismometer. LOWL is the Low Degree instrument. LOI is the Luminosity Oscillations Imager. TON is the Taiwanese Oscillation Network.

Identifier Organization l Range BISON network Univ. of Birmingham low Low degree obs. Crimean Observatory low Low degree obs. Stanford Univ. low Tenerife group IAC low South Pole Bartol/NSO/NASA inter.-high Mt. Wilson USC/UCLA inter.-high IRIS network Univ. of Nice low POI Univ. of Hawaii inter.-high HLH NSO/NASA inter.-high LOWL HAO low-inter. Ground LOI ESA low TON Univ. of Taiwan inter.-high

months of data with 70% coverage. The spectrum shows an l = 0/2 pair of modes. The temporal sidebands, not clearly visible, should be present at only the 3% level. In the past it has been relatively difficult to measure the l = 0/2 separation because its value is so close to the day-night sideband offset of 11.57 μHz. From this figure, it is clear that the separation measurement should not be limited by the sidebands.

1.2 Crimean low degree program

In this program, the velocity of a large area near the disk center is subtracted from the signal for the whole disk. Mostly low frequency oscillations are studied, in particular the 160 minute oscillation. The program has been active for more than twenty years (Kotov et al 1995[32]).

1.3 Stanford low degree program

This program has been active for about twenty years (Scherrer et al 1993[49]. Similar to the Crimean program, the difference of a circular area at disk center and an outer annulus is measured. Much effort has been expended to observe the 160-minute oscillation [49] and other low-frequency modes (Henning & Scherrer 1988[27]). The five-minute p modes have also been studied (Henning & Scherrer 1986[26]). The observations are done only in the summer months and are continuing.

1.4 Tenerife group

The group at Tenerife of the IAC has used the data from the Tenerife BISON site to study with considerable success a variety of effects detectable in low-degree oscillations. The solar cycle variation of p-mode frequencies is seen clearly in their data (Régulo et al 1994[42],

Figure 1: An l = 0/2 pair of modes. From Elsworth et al 1995[16].

Pallé et al 1995[37]). Pallé et al 1995[38] have found the background velocity spectrum to vary over the solar cycle, with most of the spectrum being higher near sunspot maximum. Weak evidence for a changing core rotation with the solar cycle has been found (Jiménez et al 1995[30]).

In addition to studying the single site BISON data, this group uses other data obtained at Tenerife. Some modes with odd l +m have been observed with a new spectrometer (Eff-Darwich et al 1995[19]). Pallé et al 1993[36] have developed a calibration procedure for the IRIS data. With the installation of a GONG instrument on Tenerife, this group is also starting to do imaging helioseismology (Patrón et al 1995[40]), in which ring diagrams are measured to look for subsurface flows.

1.5 South Pole

Of course, one of the ways to remove the deleterious effects of the day-night cycle is to observe in polar regions and this has been the method of the Bartol/NSO/NASA collaboration. Five expeditions to the Antarctic (1981-2, 1987, 1988, 1990-1, 1994-5) with instruments with increasing spatial and temporal nyquist frequencies have produced some data. The oscillations have been observed in the Ca^+ K-line.

The spectra from these observations are relatively clean compared with velocity observations from a single site at mid-latitudes, both because of the high temporal coverage with random gaps and the ability to see the oscillations closer to the limb leading to greater spatial mode resolution. This has led to some of the narrowest line width measurements to date (Jefferies et al 1991[28]) and to the first measurements of power spectral line asymmetry (Duvall et al 1993[11]). The use of the brightness signal of the Ca^+ K-line has made observing at high temporal frequency very fruitful (Duvall et al 1991[10], Kumar et al 1994[33]). It also made possible the detection of the 3-min chromospheric oscillations as a feature in the power spectrum background (Harvey et al 1993[24]).

A three-day sequence with very good coverage was analyzed by Braun et al 1992[6] to measure phase shifts of waves traveling outward from a sunspot relative to inward waves. This particular sequence was also used for the first detection of mode-coupling by a sunspot (Braun 1995[7]). Although it could have been discovered in anyone’s imaging data, the initial studies of time-distance helioseismology were done with South Pole data (Duvall et al 1993[12], Jefferies et al 1994[29], Duvall 1995[13]).

1.6 Mt. Wilson program

The Mt. Wilson program has been running since 1984 with spatial resolution increasing over the years from a 256x256 detector to 1000x1000. The oscillations are observed in velocity using a magneto-optical filter in the sodium line.

This program has plenty of data to contribute significantly to the study of the solar cycle variations of pmode frequencies (Rhodes et al 1993[43], Rhodes et al 1995[44]). For the intermediate degrees, they have found variations in agreement with the Big Bear results. At higher degrees, they are breaking new ground with apparent changes opposite in sense to the intermediate degree results[44]. The sense of the 3 mHz, low and intermediate degree solar cycle effect is for increased solar activity to cause increases in mode frequencies. The opposite effect at high degrees is in the same sense as the effect found at high (5.4 mHz) temporal frequencies by Ronan et al 1994[48].

Internal rotation has also been studied extensively with the Mt. Wilson data (Korzennik et al 1995[31]). Because of the higher degrees included in the rotation inversions, it is possible to carry out the inversions closer to the surface than most other attempts. In addition to the straight helioseimic observations, there are also other observations at the Mt. Wilson 150 foot tower that are relevant. Ulrich et al 1993[55] have used line profile measurements to model the effect of active regions on integrated sunlight oscillation measurements. Henney and Ulrich 1995[25] are developing a technique to use Mt. Wilson magnetograms to determine the image orientation of the SOI/MDI images on SOHO.

There are plans to install two more instruments to make a three-station network. These instruments would be at the Crimean Observatory and in Kazakhstan. This is a new network for studying intermediate and high degree modes (Rhodes et al 1995[45]). They hope to be running before the end of 1995.

1.7 IRIS network

The IRIS (International Research on the Interior of the Sun) network is based on observations of integrated light using a sodium cell optical resonance spectrophotometer. There are instruments at six sites around the globe. Data was obtained with pretty good coverage for four month intervals in the years 1990, 1991, and 1992. The status of the network was summarized recently by Fossat 1995[21]. There have been a series of IRIS workshops with published proceedings (e.g. Gough and Roxburgh, 1994[22]). Some data calibration issues have been examined by Pallé et al 1993[36]. Some interesting approaches to minimize the effect of the remaining gaps and to combine the multi-station data optimally are being developed (Pantel and Fossat 1995[39]. The possibility of a rapidly rotating core is still present from IRIS rotation results (Loudagh et al 1993[35], Fossat et al 1995[20]).

1.8 POI (P-mode Oscillation Imager)

The POI is an imaging system observing the Ca^+ Kline. It is normally used on Haleakala but was taken to Alaska for two observing seasons during the long days of Arctic summer. The use of Alaska as an observing site was described by LaBonte et al 1995[34]. It does seem possible to get good coverage during May-June at the Fort Yukon site. Intermediate degree p-mode splittings near solar maximum were analyzed by Ronan & LaBonte 1994[47]. The ability of the Ca^+ K-line observations to readily observe the high temporal frequencies was exploited by Ronan & LaBonte 1993[46]. They were able to observe the frequencies of features above the acoustic cutoff frequency up to 9 mHz. The first measurements of solar cycle variation at high temporal frequency were reported by Ronan et al 1994[48]. By comparing with South Pole data from lower solar activity, they found a large decrease in mode frequency (¸ 10μHz) near the peak of the acoustic frequency (5.4 mHz) associated with high solar activity. Observations are continuing in this program.

1.9 High-l helioseismometer (HLH)

This is an instrument that was used at the South Pole during the 1990-1 and 1994-5 observing seasons. It was installed on Kitt Peak with some additional guiding equipment to make long term observations of high degree frequencies and to study local helioseismology. Because of the large quantities of data involved, it was decided to normally observe only 4-5 days per month except for special campaigns. Observations began in March 1993. There was a special campaign in June 1994 in which almost one month of data was obtained. A sequence of four clear days (June 1993) has been studied in detail to make measurements of the mode frequencies and get limits on systematic errors (Bachmann et al 1995[4], [5]). This data is also being used to obtain ring diagrams (Haber et al 1995[23]).

1.10 LOWL program

The LOWL program uses an instrument optimized to measure the oscillations of low degree with imaging. A potassium magneto-optical filter is used and both wings of the line are observed simultaneously. That such an instrument from a single site could contribute significantly to our knowledge of the deep interior was argued by Veitzer et al 1993[56]. In principle, an imaging instrument has the advantage of being able to cleanly separate the prograde and retrograde modes, in contrast to the integrated sunlight measurements which do not. In order to take advantage of this, however, requires that the instrument be extremely stable, as stable as the integrated sunlight instruments. The initial spectra suggest that the instrument is very stable (Tomczyk 1995[52]). The instrument has been described by Tomczyk et al 1995[53].

Some very encouraging initial rotation results were presented by Schou & Tomczyk 1995[50]. Inversions that determine the rotation down to 0.2 Rfiwith an uncertainty of 5% were presented by Tomczyk et al 1995[54]. The plan is to observe with this instrument as long as it is useful. Observations began in Feb. 1994 and continue each day.

1.11 Ground LOI instrument

The LOI (Luminosity Oscillations Imager) is a part of the VIRGO instrument to fly aboard the SOHO spacecraft. It will observe a low-resolution image of the Sun and make oscillation measurements from the brightness signal for l < 7. The Qualification Model of the instrument has been installed at Tenerife and began observations in May 1994. The idea for the instrument was first discussed by Andersen et al 1988[1] and some details of the design by Appourchaux and Andersen 1990[2]. Rotational splittings and mean frequencies for l = 2 � 5 for the first 163 days of observations were presented by Appourchaux et al 1995[3]. Their results would seem to imply a core rotating at approximately the surface rate.

1.12 TON (Taiwanese Oscillation Network)

The TON currently has three instruments around the globe and has plans for six. The instruments observe the Ca^+ K-line with a large format CCD (image diameter

1000 pixels) with considerable similarity to the POI and HLH instruments. The current state of TON was summarized recently by Chou et al 1995[8]. Continuing observations with the three-site network began in October 1994. It is planned to study structure, rotation, sunspot helioseismology, local helioseismology, and ring-diagram analysis.

2. CONCLUSIONS

The impression one gets from the previous section is of a very active, vital field of study which is still expanding rapidly. And of course, the big projects were not even discussed.

Three new programs started observations during 1994 (LOWL, ground LOI, and TON). The standards for a new program are very high. The first results from the ground LOI covered a 163-day interval and included detailed analyses of mode frequencies and rotational splittings (Appourchaux et al 1995[3]). This might be compared with the first reported intermediate-degree mode frequencies (Duvall & Harvey 1983[9]), which used just four days of observation. The first results from the LOWL included rotational inversions of three months of data (Tomczyk et al 1995[54]). On the other hand, some aspects of starting a new program are much easier, e.g. a sophisticated analysis package (GRASP) is available from the GONG project (Pintar et al 1988[41]). GRASP is being used by the TON to do some of its data analysis (Chou et al 1995[8]).

Where are these programs most likely to make their greatest contributions in coming years? It would seem most likely that the long term study of the connection of solar activity to the oscillations at low and high degrees will be one area. Another area is at high temporal frequencies. It is clear that with all the effort going into these programs (and the big ones) that there will be plenty of data for all to analyze in coming years.

Acknowledgements. The author would like to thank P. Scherrer and the SOI group at Stanford for their hospitality and assistance during this work and to thank Jesper Schou for a critical reading of the manuscript. This work was supported by the Space Physics Division of NASA.

REFERENCES

To save space, references to GONG ’94: Helio- and Astero-seismology from the Earth and Space, 1995, ed. R. K. Ulrich, E. J. Rhodes Jr. & W. Dappen, Astronomical Society of the Pacific, San Francisco will be abbreviated GONG94.

1. Andersen, B. N., Domingo, V., Jones, A. R., Jiménez, A., Pallé, P. L., Régulo, C. & Roca, Cortés 1988, Luminosity Oscillations Imager, in Seismology of the Sun and Sun-like Stars, ESA SP-286, ed. V. Domingo & E. J. Rolfe, 385-386.

2. Appourchaux, T. & Andersen, B. N. 1990, Observations of Low-Degree Solar Oscillations with Few Detector Elements, Solar Physics, 128, 91-110.

3. Appourchaux, T., Toutain, T., Telljohann, U., Jiménez, A., Rabello-Soares, M. C., Andersen, B. N. & Jones, A. R. 1994, Frequencies and Splittings of Low-Degree Solar p Modes: Results of the Luminosity Oscillations Imager, Astron. & Astrophys., submitted.

4. Bachmann, K. T., Duvall, T. L. Jr., Harvey, J. W.

& Hill, F. 1995, Frequencies of High Degree Solar Oscillations, GONG94, 156-159.

5. Bachmann, K. T., Duvall, T. L. Jr., Harvey, J. W.

& Hill, F. 1995, Measurement of High-Degree Solar Oscillation Frequencies, Astrophys. J., 443, 837-842.

6. Braun, D. C., Duvall, T. L. Jr., LaBonte, B. J., Jefferies, S. M. & Pomerantz, M. A. 1992, Scattering of p-modes by a Sunspot, Astrophys. J., 391, L113- L116.

7. Braun, D. C. 1995, Sunspot Seismology: New Observations and Prospects, GONG94, 250-259.

8. Chou, D.-Y., Sun, M.-T., Huang, T.-Y., Jiménez, A., Lai, S.-P., Chi, P.-J., Ou, K.-T., Wang, C.-C., Lu, J.-Y., Chu, A.-L., Niu, C.-S., Mu, T.-M., Chen, K-.R., Chou, Y.-P., Chao, H., Rabello-Soares, M. C., Ai, G., Wang, G.-P., Zirin, H., Marquette, W. & Nenow, J. 1995, Taiwan Oscillation Network, Solar Physics, in press.

9. Duvall, T. L. Jr. & Harvey, J. W. 1983, Observations of Solar Oscillations of Low and Intermediate Degree, Nature, 301, 24-27.

10. Duvall, T. L. Jr., Harvey, J. W., Jefferies, S. M.

& Pomerantz, M. A. 1991, Measurements of High Frequency Solar Oscillation Modes, Astrophys. J., 373, 308-316.

11. Duvall, T. L. Jr., Jefferies, S. M., Harvey, J. W., Osaki, Y. & Pomerantz, M. A. 1993, Asymmetries of Solar Oscillation Line Profiles, Astrophys. J., 410, 829-836.

12. Duvall, T. L. Jr., Jefferies, S. M., Harvey, J. W. & Pomerantz, M. A. 1993, Time-Distance Helioseismology, Nature, 362, 430-432.

13. Duvall, T. L. Jr. 1995, Time-Distance Helioseismology: An Update, GONG94, 465-474.

14. Elsworth, Y., Howe, R., Isaak, G. R., McLeod, C. P., Miller, B. A., New, R., Speake, C. C. & Wheeler, S. J. 1994, Solar p-Mode Frequencies and their Dependence on Solar Activity: Recent Results from the Bison Network, Astrophys. J., 434, 801-806.

15. Elsworth, Y., Howe, R., Isaak, G. R., McLeod, C. P., Miller, B. A., Wheeler, S. J., New, R. & Gough, D. O. 1995, Rotational Splitting of Low-Degree Solar p Modes, GONG94, 43-46.

16. Elsworth, Y., Howe, R., Isaak, G. R., McLeod, C. P., Miller, B. A., Wheeler, S. J. & New, R. 1995, Fine Spacing of l = 0, l = 2 Acoustic Eigenmodes and the Solar Neutrino Problem: Particle Physics and Cosmological Implications, GONG94, 51-54.

17. Elsworth, Y., Howe, R., Isaak, G. R., McLeod, C. P., Miller, B. A., Wheeler, S. J. & New, R. 1995, Statistical Distribution of Solar p-Mode Amplitudes, GONG94, 318-321.

18. Elsworth, Y., Howe, R., Isaak, G. R., McLeod, C. P., Miller, B. A., van der Raay, H. B., Wheeler, S. J. & New, R. 1995, Performance of the BISON Network 1981-Present, GONG94, 392-397.

19. Eff-Darwich, A., Pérez Hernández, F., Pallé, P. L., Jiménez, A., Roca Cortés, T. & Van der Raay, H. B. 1995, Results from Mark-II Spectrophotometer. Measuring Odd (l + m) Low Degree p Modes, GONG94, 47-50.

20. Fossat, E., Loudagh, S., Gelly, B., Grec, G., Pantel, A., Provost, J., Berthomieu, G., Ehgamberdiev, S., Khalikov, S., Lazrek, M., Pallé, P. L. & Régulo, C. 1995, On the Solar Core Rotation - IRIS Results, GONG94, 24-33.

21. Fossat, E. 1995, IRIS Status Report, GONG94, 387- 391.

22. ed. D. O. Gough and I. Roxburgh, 1994, Proceedings of the 6th IRIS workshop, Univ. of Cambridge.

23. Haber, D., Toomre, J., Hill, F. & Gough, D. O.

1995, Solar Oscillation Ring Diagrams: Benefits of Great Circle Remapping, GONG94, 272-275.

24. Harvey, J. W., Duvall, T. L. Jr., Jefferies, S. M., & Pomerantz, M. A. 1993, Chromospheric Oscillations and the Background Spectrum, in Seismic Investigation of the Sun and Stars, ed. T. M. Brown, ASP, 111-114.

25. Henney, C. J. & Ulrich, R. K. 1995, Determination of Roll Angle from Magnetic Field Cross-Covariance, GONG94, 544-547.

26. Henning, H. M. & Scherrer, P. H. 1986, Observations of Low-Degree P -Mode Oscillations in 1984, in Seismology of the Sun and Distant Stars, ed. D. O. Gough, Reidel, 55-62.

27. Henning, H. M. & Scherrer, P. H. 1988, The Search for Solar Gravity Modes, in Seismology of the Sun and Sun-Like Stars, ed. E. J. Rolfe, ESA, 419-423.

28. Jefferies, S. M., Duvall, T. L. Jr., Harvey, J. W., Osaki, Y. & Pomerantz, M. A. 1991, Characteristics of Intermediate Degree Solar P-Mode Line Widths, Astrophys. J., 377, 330-336.

29. Jefferies, S. M., Osaki, Y., Shibahashi, H., Duvall, T. L. Jr., Harvey, J. W. & Pomerantz, M. A. 1994, Use of Acoustic Wave Travel Time Measurements to Probe the Near-Surface Layers of the Sun, Astrophys. J., 434, 795-800.

30. Jiménez, A., Pérez Hernández, F., Claret, A., Pallé, P. L., Régulo, C. & Roca Cortés, T. 1995, Does the Solar Core Rotation Change with the Activity Cycle?, GONG94, 284-287.

31. Korzennik, S. G., Rhodes, E. J. Jr., Johnson, N. M., Rose, P. & Cacciani, A. 1995, On the Determination of the Solar Internal Rotation, GONG94, 12-23.

32. Kotov, V. A., Haneychuk, V. I. & Tsap, T. T. 1995, Summary of the Crimean 20-Year Observations of Solar Global Oscillations, GONG94, 82-88.

33. Kumar, P., Fardal, M. A., Jefferies, S. M., Duvall, T. L. Jr., Harvey, J. W. & Pomerantz, M. A. 1994, Limits on Coronal Reflection Using High-Frequency Solar Oscillations, Astrophys. J., 422, L29-L32.

34. LaBonte, B. J., Ronan, R. & Kupke, R. 1995, Alaska as a Site for High Duty-Cycle Solar Observations, Solar Physics, submitted.

35. Loudagh, S., Provost, J., Berthomieu, G., Ehgamberdiev, S., Fossat, E., Gelly, B., Grec, G., Khalikov, S., Lazrek, M., Pallé, P., Régulo, C., Sanchéz, L. & Schmider, F.-X. 1993, A Measurement of the l = 1 Solar Rotational Splitting, Astron. & Astrophys., 275, L25-L28.

36. Pallé, P. L., Fossat, E., Régulo, C., Loudagh, S., Schmider, F.-X., Ehgamberdiev, S., Gelly, B., Grec, G., Khalikov, S., Lazrek, M. & Sanchéz, L. 1993, Full-disk Helioseismic IRIS Raw Data Calibration, Astron. & Astrophys., 280, 324-332.

37. Pallé, P. L. 1995, Solar Cycle Frequency Shifts at Low l, GONG94, 239-249.

38. Pallé, P. L., Jiménez, A., Martin, I., Pérez Hernández, F., Régulo, C., Roca Cortés, T. & Sanchéz, L. 1995, The Observed Background Solar Velocity Spectrum over the Solar Activity Cycle, GONG94, 288-291.

39. Pantel, A. & Fossat, E. 1995, IRIS Data Merging and Deconvolution, GONG94, 496-499.

40. Patrón, J., Hill, F., Rhodes, E. J. Jr., Korzennik, S. G. & Cacciani, A. 1995, Ring Diagram Analysis of Mt. Wilson Data: Velocity Fields within the Solar Convection Zone, GONG94, 208-211.

41. Pintar, J. A. & the GONG Data Team 1988, The GONG Data Reduction and Analysis System, in Seismology of the Sun and Sun-like Stars, ESA SP- 286, ed. V. Domingo & E. J. Rolfe, 217-221.

42. Régulo, C., Jiménez, A., Pallé, P. L., Pérez Hernández, F. & Roca Cortés, T. 1994, Variation of the Frequencies of very low l p�Modes, Astrophys. J., 434, 384-388.

43. Rhodes, E. J. Jr., Cacciani, A., Korzennik, S. G. & Ulrich, R. K. 1993, Confirmation of Solar Cycle- Dependent Intermediate-Degree p-Mode Frequency Shifts, Astrophys. J., 406, 714-722.

44. Rhodes, E. J. Jr., Johnson, N. M., Rose, P. J., Korzennik, S. G. & Cacciani, A. 1995, Solar Cycle Dependence of p-Mode Frequencies at Intermediate and High Degrees, GONG94, 227-238.

45. Rhodes, E. J. Jr., Didkovsky, L., Chumak, O. V.

& Scherrer, P. H. 1995, Status of the Mt. Wilson- Crimean-Kazakhstan High-Degree Helioseismology Network GONG94, 398-401.

46. Ronan, R. S. & LaBonte, B. J. 1993, Observations of High Frequency Solar Oscillations in Seismic Investigation of the Sun and Stars, ed. T. M. Brown, ASP, 93-96.

47. Ronan, R. S. & LaBonte, B. J. 1994, Intermediate Degree p-Mode Frequency Splittings Near Solar Maximum, Solar Physics, 149, 1-21.

48. Ronan, R. S., Cadora, K. & LaBonte, B. J. 1994, Solar Cycle Changes in the High Frequency Spectrum, Solar Physics, 150, 389-392.

49. Scherrer, P. H., Hoeksema, J. T. & Kotov, V. A.

1993, On the Upper Limit for Detecting G-Mode Oscillations of the Sun, in Seismic Investigation of the Sun and Stars, ed. T. M. Brown, ASP, 281-284.

50. Schou, J. & Tomczyk, S. 1995, Preliminary Results from Observations with the LOWL Instrument, GONG94, 448-451.

51. Stebbins, R. T., Rimmele, T. R. & Goode, P. R.

1995, Photospheric Wave Behavior, GONG94, 354- 357.

52. Tomczyk, S. 1995, Spatially Resolved Observations of Low-Degree Solar Oscillations, GONG94, 444- 447.

53. Tomczyk, S., Streander, K., Card, G., Elmore, D., Hull, H. & Cacciani, A. 1995, An Instrument to Observe Low-Degree Solar Oscillations, Solar Physics, in press.

54. Tomczyk, S., Schou, J. & Thompson, M. J. 1995, Measurement of the Rotation Rate in the Deep Solar Interior, Astroph. J. Letters, in press.

55. Ulrich, R. K., Henney, C. J., Schimpf, S., Fossat, E., Gelly, B., Grec, G., Loudagh, S., Schmider, F.-X., Pallé, P., Régulo, C., Roca Cortés, T. & Sanchéz, L. 1993, Modeling of Integrated Sunlight Velocity Measurements: the Effect of Surface Darkening by Magnetic Fields, Astron. & Astrophys., 280, 268-281.

56. Veitzer, S. A., Tomczyk, S. & Schou, J. 1993, Requirements for the Observation of Low-Degree Solar Oscillations, in Seismic Investigation of the Sun and Stars, ed. T. M. Brown, ASP, 465-468.