Appendix A

SKY SURVEY INSTRUMENTS

A.1 Short Wavelength Scanners

Two of the three survey telescopes, called Scanners A and B, are identical, and operate in two bandpass sections between 100 and 500 Å. They have identical Wolter-Schwarzschild Type I mirrors with gold electroplated surfaces. They have a field of view of about 5^ffi, and a focal ratio of 1.41. A cross sectional diagram of the Short Wavelength Scanner design (Type I) is shown in figure A-1. The scanners’ characteristics are summarized in table A-1, and described in more detail in [9], [8], [21], and [29]. Table A-1: EUVE Short Wavelength Scanners Short Wavelength Mirrors Focal Length 56.22 cm f/ratio 1.41 Geometric Area 138.0 cm Field of View 5^ffi diameter Average Graze Angles 5^ffi, 5^ffi (primary, secondary) Surface coating Au, ¸ 1000 Å FWHM (optical) 1 � �2.4^{00} ⌢

Short Wavelength Filters Quadrants Material Bandpass

0,1 (A)/2,3 (B) Lexan/boron 2400 Å/1000 Å 44–240 Å 2,3 (A)/0,1 (B) Al/Ti/carbon 2000 Å/250 Å/600 Å 140–360 Å

A-2 APPENDIX A. SKY SURVEY INSTRUMENTS

Figure A-1: Cross-sectional diagram of short wavelength scanner.

Short Wavelength Scanners A-3

Because the beam ”footprint” at grazing incidence is quite large, the amount of light scattered by a few tens of angstroms’ surface roughness in these mirrors can be considerable. Much of the light is scattered within a small angle of the specular direction, but enough lands outside the central image that the difference between the image FWHM and the half energy width (HEW) must be taken into account when processing images. A plot of the scattering histogram for one of the mirrors in shown in figure A-2, where the solid line shows the expected distribution of light from a perfect surface.

Figure A-2: Scanner mirror scattering histogram.

Solid line is theoretical imaging profile.

A-4 APPENDIX A. SKY SURVEY INSTRUMENTS

The converging beam from each mirror strikes a two-inch diameter MCP detector with a filter divided radially into four quadrants. Two quadrants of the filter are Lexan/boron, with a bandpass similar to those pictured in section 2.3 on the Deep Survey instrument. The boron prevents oxidation and suppresses transmission of Lyman alpha. The other two quadrants are aluminum with a layer of carbon providing a long-wavelength cutoff. Figure A-3 shows the filter configurations and orientations for all three scanners. The detectors have magnesium fluoride (MgF_2) photocathodes deposited on the front channel plates to enhance detection at the shorter wavelengths. See section A.3 for a discussion of scanner effective areas.

Each scanner,including the long wavelength instrument described below, has a magnetic “broom” designed to divert charged particles that enter through the telescope aperture. The broom consists of a solenoid magnet concentric with the optical axis, placed between the primary and secondary mirror sections. It is designed to reject electrons with energies up to 15 keV and heavy thermal ions with energies up to .3 eV.

Figure A-3: Scanner filter configuration

Long Wavelength Scanner A-5

A.2 Long Wavelength Scanner

The third survey instrument, often called Scanner C, operates at longer wavelengths between 400 and 900 Å. The mirror design, filter materials and detector photocathode all differ from those of the short wavelength scanners. Figure A-4 shows the long wavelength instrument in cross-sectional view.

Scanner C has a Wolter-Schwarzschild Type II mirror with a diameter of 40 cm and a focal length of 70 cm. The surface is coated with ¸ 13μm of electroless nickel. Its aperture size is comparable to the short wavelength scanners. It has a 4^ffi field of view, and a geometric area greater than the combined short wavelength scanners. The filters have the same quadrant geometry. Two filter quadrants are made of tin, protected by a thin (100 Å) layer of SiO. The other two quadrants are multilayer “sandwiches” of antimony between layers of titanium, with a layer of aluminum next to the detector. They have been nicknamed “dagwood” filters. The detector has no deposited photocathode. Table A-2 gives characteristics of the long wavelength scanner.

Table A-2: EUVE Long Wavelength Scanner Long Wavelength Mirror

Focal Length 70.0 cm f/ratio 1.75 Geometric Area 407.0 cm Field of View 4^ffi diameter Average Graze Angles 29^ffi, 21^ffi (primary, secondary) Surface ¸ 13μ Nickel

FWHM (optical) 2.3^{00} ⌢

Long Wavelength Filters

Filter Quadrants Material Bandpass (Å)

0,1 Sn/SiO 3484 Å/100 Å 520–750 2,3 Ti/Sb/Al 374 Å/686 Å/1256 Å 400–600

A-6 APPENDIX A. SKY SURVEY INSTRUMENTS

Figure A-4: Cross section of Long Wavelength Scanner (Scanner C)

Scanner Effective Areas A-7

A.3 Scanner Effective Areas

The effective areas of each of the scanning instruments has been measured in pre-launch calibration and from pointed calibration observations of bright sources. Model fits to the effective areas of the combined short wavelength scanners are shown in figure A-5. Effective area measurements for the long wavelength scanner are shown in figure A-6. Areas for each of the like quadrants in Scanners A and B have been averaged to produce a net effective area each short wavelength bandpass: Lexan/boron, and aluminum/titanium/carbon. Models for the tin/SiO and aluminum/antimony/titanium (“dagwood”) filters in the long wavelength scanner are not yet established.

Effective areas are important, but the quality of pointed scanner observations will also depend on detector backgrounds and positioning of the source within the field of view. Optimal pointing will be chosen by the Berkeley operations team to get the best possible focus for each source in each desired bandpass, while avoiding interference from the filter frames near the center of the field of view. Further commentary on the scanner effective areas, background count rates and performance may be found in [16], [20], and [30].

Figure A-5: Effective areas for the short wavelength scanners (Scanners A and B). The short wavelength curve is a model fit to measurements in all quadrants with Lexam/boron filters. The longer wavelength curve is derived from measurements of all the aluminum/titanium/carbon quadrants.

A-8 APPENDIX A. SKY SURVEY INSTRUMENTS

Figure A-6: Effective areas for the long wavelength scanner (Scanner C). The short wavelength curve is a model fit to measurements in quadrants with “Dagwood” filters, of aluminum/titanium/senobium. The longer wavelength curve is derived from measurements of the tin/SiO quadrants.

Appendix B

LIST OF EUVE PROJECT ACRONYMS

B-2 APPENDIX B. LIST OF EUVE PROJECT ACRONYMS

ADC Analog-to-Digital Converter ADS (NASA) Astrophysics Data System C&DH Command and Data Handler (MMS) CDP Command and Data Processor CEA Center for Extreme Ultraviolet Astrophysics DFFS Digital Fine Sun Sensor DS/S Deep Survey/Spectrometer EA Effective Area (A_{eff} ) EGO EUVE Guest Observer EP Explorer Platform EUVE Extreme Ultraviolet Explorer ESOC EUVE Science Operations Center FHST Fixed Head Star Tracker FOT Flight Operations Team (NASA) FTP File Transfer Protocol FWHM Full Width at Half Maximum GSFC (NASA) Goddard Space Flight Center HEW Half Energy Width IRAF Image Reduction and Analysis Facility IRU Inertial Reference Unit ISM Interstellar Medium ISW Instrument Software MACS Modular Attitude Control System MCP Microchannel Plate MDF Minimum Detectable Flux MMS Multi-Mission Spacecraft MPS Modular Power Subsystem NASCOM NASA Astronomical Satellite Communications NIST National Institute of Standards and Technology PED Platform Equipment Deck POCC Payload Operations and Command Center QPOE Quick Position Oriented Event RIF Relay Interface ROSAT Röntgensatellit SAA South Atlantic (Magnetic) Anomaly SAG Space Astrophysics Group TDRSS Tracking Data Relay Satellite System TIF Telescope Interface TM Telemetry TOO Target(s) of Opportunity URL Uniform Resource Locator

Appendix C

COLUMN DENSITIES IN THE INTERSTELLAR MEDIUM: A BIBLIOGRAPHY^1

1. Anderson, R. C. and Weiler, E. J. 1978, Ap. J., 224, 143.

2. Anderson, R. C., Henry, R. C., Moos, H. W., and Linsky, J. L. 1978, Ap. J., 226, 883. 3. Baliunas, S. L., and Dupree, A. K. 1979, Ap. J., 227, 870.

4. Barstow, M. A., Fleming, T. A., Diamond, C. J., Finley, D. S., Sansom, A. E., Rosen, S. R., Koester, D., Marsh, M. C., Holberg, J. B., and Kidder, K. 1993a, M. N. Roy. Ast. Soc , in press.

5. Barstow, M. A., Wesemael, F., Holberg, J. B., Werner, K., Buckley, D. A. H., Stobie, R. S., Fontaine, G., Rosen, S. R., Demers, S., Lamontagne, R., Irwin, M. J., Bergeron, P., Kepler, S. O., and Vennes, S. 1993b, Advances in Space Research: Recent Results in X-ray and EUV Astronomy, ed. J. Trümper (New York: Pergamon Press), in press.

6. Bates, B., Catney, M. G., Keenan, F. P. 1986, Adv. Space Res., 6, 47. 7. Bertaux, J. L., Lallement, R., Kurt, V. G., and Mironova, E. N. 1985, Astron. & Astrophys., 150, 1.

8. Bohlin, R. C. 1975, Ap. J., 200, 402.

9. Bohlin, R. C., Savage, B. D., and Drake, J. F. 1978, Ap. J., 224, 132. 10. Bohlin, R. C., Hill, J. K., Jenkins, E. B., Savage, B. D., Snow, T. P., Spitzer, L. and York, D. G. 1983, Ap. J. Supp., 51, 277.

11. Boksenberg, A., Kirkham, B., Pettini, M., Bates, B., Carson, P. P. D., Dufton, P. L., and McKeith, C. D. 1975, Ap. J. (Letters), 202, L91.

12. Bowyer, S., and Malina, R. F. 1991, Extreme Ultraviolet Astronomy, ed. R. F. Malina & S. Bowyer (New York: Pergamon), 397.

13. Brown, A., Drake, S. A., Van Steenberg, M. E., and Linsky, J. L. 1991, Ap. J., 373, 614.

14. Bruhweiler, F. C., and Kondo, Y. 1982, Ap. J., 259, 232.

15. Bruhweiler, F. C., Oegerle, W., Weiler, E., Stencel, R., and Kondo, Y. 1984, IAU Colloquium No. 81, Local Interstellar Medium, ed. Y. Kondo, F. C. Bruweiler, and B. D. Savage (NASA CP-2345), p. 64.

16. Bruhweiler, F. C., and Vidal-Madjar, A. 1987, Scientific Accomplishments of the IUE, ed.

Y. Kondo (Dordrecht: Reidel), 467.

17. Cash, W., Bowyer, S., and Lampton, M. 1979, Astron. Astrophys., 80, 67. 18. Centurion, M., Vladilo, G., Molaro, P., and Beckman, J. E. 1986, Adv. Sp. Res., 6, 43. 19. Cowie, L. L., and Songalia, A. 1986, Ann. Rev. Astron. Astrophys., 24, 499. 20. Cox, D. P., and Reynolds, R. J. 1987, Ann. Rev. Astron. Astrophys., 25, 303. 21. Crawford 1988, MNRAS, 233, 923.

1Collected by Patrick Jelinsky, Antonella Fruscione, Isabel Hawkins, and Alexandra Wiercigroch, of the Center for

EUV Astrophysics; inquiries and contributions to antonell@cea.berkeley.edu.

C-2 AP- PENDIX C. COLUMN DENSITIES IN THE INTERSTELLAR MEDIUM: A BIBLIOGRAPHY

22. Crawford, I. A. 1991, Ann. Rev. Astron. Astrophys., 247, 183. 23. Cruddace, R., Paresce, F., Bowyer, S., and Lampton, M. 1974, Ap. J., 187, 497. 24. Crutcher, R. M., and Lein, D. J. 1984, IAU Colloquium No. 81, Local Interstellar Medium, ed. Y. Kondo, F. C. Bruhweiler, and B. D. Savage (NASA CP-2345), p. 117.

25. Danly, L., Lockman, F. J., Meade, M. R., and Savage, B. D. 1992, Ap. J. Suppl., 81, 125.

26. de Boer, K. S., Lenhart, H., Van der Hucht, K. A., Kamperman, T. M., Kondo, Y., and Bruhweiler, F. C. 1986, Astr. Ap., 157, 199.

27. de Boer, K. S., Jura, M. A., and Shull, J. M. 1987, in Exploring the Universe with the IUE Satellite, ed. Y. Kondo (Dordrecht: Reidel), 485.

28. Dickey, J. M., Salpeter, E. E., and Terzian, Y. 1977, Ap. J. (Letters), 211, L77. 29. Dupree, A. K., and Raymond, J. C. 1982, Ap. J. (Letters), 263, L63. 30. Eder, D. C., and York, D. G. 1986, Ap. J., 308, 232. 31. Edgar, R. J. and Savage, B. D. 1989, Ap. J., 340, 762.

32. Egret, D., Wenger, M., and Dubois, P. 1991, Databases and On-lineData in Astronomy, ed. M. A. Albrecht & D. Egret (Dordrecht: Kluwer), 79.

33. Fahr, H. J. 1974, Space Science Rev., 15, 483.

34. Ferlet, R., Vidal-Madjar, A., and Laurent, C. 1980, Ap. J., 242, 576. 35. Ferlet, R., Vidal-Madjar, A., and Gry, C. 1985, Ap. J., 298, 838. 36. Ferlet, R., Lallement, R., and Vidal-Madjar, A. 1986, Astr. Ap., 163, 204. 37. Finley, D. S., Jelinsky, P., Dupuis, J., and Koester, D. 1993, Ap. J., in press. 38. Finley, D. S., Koester, D., and Basri G. 1994, in preparation. 39. Frisch, P. C. 1979, Ap. J., 227, 474. 40. Frisch, P. C. 1980, Ap. J., 241, 697.

41. Frisch, P. C., and York, D. G. 1983, Ap. J., 271, L59. 42. Frisch, P. C., York, D. G., and Fowler, J. R. 1987, Ap. J., 320, 842. 43. Frisch, P. C., Welty, D. E., York, D. G., and Fowler, J. R. 1990, Ap. J., 357, 514. 44. Frisch, P. C., Sembach, K., and York, D. G. K. 1990, Ap. J., 364, 540. 45. Frisch, P. C., 1991, Extreme Ultraviolet Astronomy, ed. R. F. Malina & S. Bowyer (New York: Pergamon), 322.

46. Génova, R., Beckman, J. E., Molaro, P. and Vladilo, G. 1986, Adv. Space Res., 6, 53. 47. Génova, R., Molaro, P., Vladilo, G., and Beckman, J. E. 1990, Ap. J., 355, 150. 48. Green, J., Jelinsky, P., and Bowyer S. 1990, Ap. J., 359, 499. 49. Gry, C., York, D. G., and Vidal-Madjar, A. 1985, Ap. J., 296, 593. 50. Heise, J., Paerels, F. B. S., Bleeker, J. A. M., and Brinkman, A. C. 1988, Ap. J., 334, 958.

51. Hobbs, L. M. 1978, Ap. J. Suppl., 38, 129.

52. Hobbs, L. M., Blitz, L., and Magnani, L. 1986, Ap. J., 306, L109. 53. Hobbs, L. M., Blitz, L., Penprase, B. E., Magnani, L., and Welty, D. E. 1988, Ap. J., 327, 356.

54. Holberg, J. B., Sandel, B. R., Forrester, W. T., Broadfoot, A. L., Shipman, H. L., and Barry, D. C. 1980, Ap. J. (Letters), 242, L119.

55. Holberg, J. B. 1984, IAU Colloquium No. 81, Local Interstellar Medium, ed. Y. Kondo, F. C. Bruhweiler, and B. D. Savage (NASA CP-2345), p. 91.

56. Jelinsky, P., Fruscione A., Hawkins, I., and Wiercigroch, A. 1994, in preparation. 57. Jenkins, E. B., and Savage, B. D. 1974, Ap. J., 187, 243.

58. Juda, M., Bloch, J. J., Edwards, B. C., McCammon, D., Sanders, W. T., Snowden, S. L., and Zhang, J. 1991, Ap. J., 367, 182.

APPENDIX C. COLUMN DENSITIES IN THE INTERSTELLAR MEDIUM: A BIBLIOGRA- PHY C-3

59. Kahn, S. M., Wesemael, F., Liebert, J., Raymond, J. C., Steiner, J. E., and Shipman, H. L. 1984, Ap. J., 278, 255.

60. Kimble, R. A., Davidsen, A. F., Blair, W. P., Bowers, C. W., Van Dyke Dixon, W., Durrance, S. T., Feldman, P. D., Ferguson, H. C., Henry, R. C., Kriss, G. A., Kruk, J. W., Long, K. S., Moos, H. W., and Vancura, O. 1993, Ap. J., 404, 663.

61. Koester, D. 1989, Ap. J., 342, 999.

62. Kondo, Y., Talent, D. L., Barker, E. S., Dufour, R. J., and Modisette, J. L. 1978, Ap.

J. (Letters), 220, L97.

63. Landsman, W. B., Henry, R. C., Moos, H. W., Linsky, J. L. 1984, IAU colloquium No.

81, Local Interstellar Medium, ed. Y. Kondo, F. C. Bruhweiler, and B. D. Savage (NASA CP-2345), p. 60.

64. Landsman, W. B., Murthy, J., Henry, R. C., Moos, H. W., Linsky, J. L., and Russell, J. L. 1986, Ap. J., 303, 791.

65. Linsky, J. L., Brown, A., Gayley, K., Diplas, A., Savage, B. D., Ayres, T. R., Landsman, W., Shore, S. N., and Heap, S. R. 1993a, Ap. J., 402, 694.

66. Linsky, J. L., et al. 1993b, in preparation.

67. Malina, R. F., Bowyer, S., and Basri, G. 1982, Ap. J., 262, 717. 68. Marshall, F. J., and Clark, G. W. 1984, Ap. J., 287, 633.

69. Martin, E. R. 1981, “Components in the Interstellar Medium”, Ph. D. Dissertation, Princeton University.

70. Mauche, C. W., Raymond, J. C., and Córdova, F. A. 1988, Ap. J., 335, 829. 71. McCammon, D., Burrows, D. N., Sanders, W. T., and Kraushaar, W. L. 1983, Ap. J., 269, 107.

72. McClintock, W., Linsky, J. L., Henry, R. C., Moos, H. W., and Gerola, H. 1975, Ap.

J., 202, 165.

73. McClintock, W., Henry, R. C., Linsky, J. L., and Moos, H. W. 1978, Ap. J., 225, 465. 74. Molaro, P., Vladilo, G., and Beckman, J. E. 1986, Astron. Astrophys., 161, 339. 75. Murthy, J., Henry, R. C., Moos, H. W., Landsman, W. B. , Linsky, J. L., Vidal- Madjar, A., and Gry, C. 1987, Ap. J., 315, 675.

76. Murthy, J., Wofford, J. B., Henry, R. C., Moos, H. W., Vidal-Madjar, A., Linsky, J.

L., and Gry, C. 1989, Ap. J., 336, 949.

77. Murthy, J., Henry, R. C., Moos, H. W., Vidal-Madjar, A., Linsky, J. L., and Gry, C.

1990, Ap. J., 356, 223.

78. Oegerle, W. R., Kondo, Y., Stencel, R. E., and Weiler, E. J. 1982, Ap. J., 252, 302. 79. Paerels, F. B. S., Bleeker, J. A. M., Brinkman, A. C., Gronenschild, E. H. B. M., and Heise, J. 1986, Ap. J., 308, 190.

80. Paerels, F. B. S., Heise, J., Kahn, S. M., and Rogers, R. D. 1987, Ap. J., 322, 315. 81. Paerels, F. B. S., Bleeker, J. A. M., Brinkman, A. C., and Heise, J. 1988, Ap. J., 329, 849.

82. Paerels, F. B. S., and Heise, J. 1989, Ap. J., 339, 1000. 83. Paresce, F. 1984, AJ, 89, 1022.

84. Polidan, R. S., Mauche, C. W., and Wade, R. A. 1990, Ap. J., 356, 211. 85. Pounds, K. A., et al. 1993, M. N. Roy. Astron. Soc., 260, 77.

86. Pye, J. P., Watson, M. G., Pounds, K. A., and Wells, A. 1991, Extreme Ultraviolet Astronomy, ed. R. F. Malina & S. Bowyer (New York: Pergamon), 409.

87. Rao, A. R., and Singh, K. P. 1990, Ap. J., 352, 303. 88. Ripken, H. W., and Fahr, H. J. 1983, Astron. Astrophys., 122, 181. 89. Rogerson, J. B., York, D. G., Drake, J. F., Jenkins, E. B., Morton, D. C., and Spitzer, L. 1973, Ap. J. (Letters), 181, L110.

C-4 AP- PENDIX C. COLUMN DENSITIES IN THE INTERSTELLAR MEDIUM: A BIBLIOGRAPHY

90. Rumph, T., Bowyer, S., and Vennes, S. 1994, A. J., in press. 91. Savage, B. D., and Jenkins, E. B. 1972, Ap. J., 172, 491. 92. Savage, B. D., and Bohlin, R. C. 1979, Ap. J., 229, 136. 93. Savage, B. D. and de Boer, K. S. 1981, Ap. J., 243, 460. 94. Savage, B. D., and Massa, D. 1987, Ap. J., 314, 380. 95. Shull, J. M. 1979, Ap. J., 233, 182.

96. Shull, J. M. and Van Steenberg, M. E. 1985, Ap. J., 294, 599. 97. Skuppin et al. 1987, Astron. Astrophys., 177, 228. 98. Snow, T. P. 1976, Ap. J., 204, 759. 99. Snow, T. P. 1977, Ap. J., 216, 724.

100. Spitzer, L. 1978, “Physical Processes in the Interstellar Medium” (New York: Wiley). 101. Stark et al. 1992, Ap. J. Suppl., 79, 77-104. 102. Stokes, G. M. 1978, Ap. J. Suppl., 36, 115.

103. Vallerga, J. V., Vedder, P. W., and Welsh, B. Y. 1993, Ap. J., in press. 104. van Altena, W. F., Lee, J. T., and Hoffleit, E. D. 1991, “The General Catalogue of Trigonometric Stellar Parallaxes” (New Haven: Yale University Observatory).

105. Vennes, S. 1992, Ap. J., 390, 590.

106. Vennes, S., Dupuis, J., Rumph, T., Drake, J. J., Bowyer, S., Chayer, J., and Fontaine, F. 1993a, Ap. J., 410, L119.

107. Vennes, S., Dupuis, J., Bowyer, S., Fontaine, F., Wiercigroch, A., Jelinsky, P., Malina, R. F., and Wesemael, F. 1993b, in preparation.

108. Vladilo et al. 1985, Astron. Astrophys., 144, 81.

109. Wallerstein, G., Silk, J., and Jenkins, E. B. 1980, Ap. J., 240, 834. 110. Welsh, B., Vedder, P., Vallerga, J. 1990, Ap. J., 358, 473. 111. Welsh, B., Vallerga, J., Vedder, P. 1991, Ap. J., 381, 462.

112. Welty, D. E., Hobbs, L. M., Blitz, L., and Penprase, B. E. 1989, Ap. J., 346, 232. 113. Wu, F. M., Gangopadhyay, P., Ogawa, H. S., and Judge, D. L. 1988, Ap. J., 331, 1004.

114. York, D. G., and Rogerson, J. B. 1976, Ap. J., 203, 378. 115. York, D. G. 1976, Ap. J., 204, 750. 116. York, D. G. 1983, Ap. J., 264, 172. 117. York, unpublished Copernicus results