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Radiation physics

Unit of activity = Curie:
1Ci= 3.7 x 10'° disintegration s~ !.
Unit of exposure dose for X- and y-radiation = Roentgen:
IR=1esucm 3=87.8ergg ! (549 x 10" MeV g~ !) of air.
Unit of absorbed dose = rad:
lrad=100ergg™! (6.25 x 10’ MeV g~ 1) in any material.
Unit dose equivalent (for protection) = rem:
rems (Roentgen equivalent for man) =rad x QF,

where QF (quality factor) depends upon the type of radiation and
other factors. For y-rays and HE protons, QF ~ 1, for thermal
neutrons, QF ~ 3; for fast neutrons, QF ranges up to 10; and for «
particles and heavy ions, QF ranges up to 20.

Maximum permissible occupational dose for the whole body:
S5remyr~! (or ~ 100 mrem wk ~1).
Fluxes (per cm?) to liberate 1rad in carbon:

3.5 x 107 minimum ionizing singly charged particles,
1.0 x 10° photons of 1MeV energy

(These fluxes are correct to within a factor of 2 for all materials.)

Radiation exposure (mrem yr~!) of a typical person in the US:

Natural sources Artificial sources

Cosmic radiation 28 Environmental 8

Terrestrial radiation 26 Medical 92

Internal isotopes 26 Occupational 1
Nuclear power 0.3
Miscellaneous 5

(This table has been adapted from Particle Properties Data Booklet, Lawrence
Berkeley Laboratory, Berkeley, CA, 1980, and Upton, A. C., ‘The biological effects
of low-level ionizing radiation’, Sci. Amer., 246, 41, Feb. 1982.)
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Maximum permissible flux for occupational exposure to various types of
ionizing radiations (cont.)

Stopping power as a function of energy. (Adapted from Nuclear
Instruments and Their Uses, A. H. Snell, ed., John Wiley and Sons,

1962.)
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Clinical effects of acute exposure to ionizing radiation

Dose (rem) Probable effect
0-100 No illness
100-200 No or slight illness
200-600 0-909, deaths, 2—12 weeks
600—-1000 90-100 % deaths, 1-6'weeks
1000—-5000 100 %, deaths, 2—14 days
> 5000 100 9% deaths, 0-2 days

(Adapted from Glasstone, S. & Dolan, P. J., The Effects of Nuclear Weapons, US
Government Printing Office, 1977.)
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Astronomical catalogs

X-ray sources
Amnuel, P. R., Cuseinov, O. H. & Rakhamimov, Sh. Yu., 1979, Ap. J. Suppl.,
41, 327.
Bradt, H. V., Doxsey, R. E. & Jernigan, J. G., 1978, Adv. Space Exploration, 3.
Forman, W. et al., 1978, Ap. J. Suppl., 38, 357.
Cooke, B. A. et al., 1978, M.N.R.A.S., 182, 489.
Markert, T. H. et al., 1979, Ap. J. Suppl., 39, 573.
Marshall, F. E. et al., 1978, NASA Tech Mem. 79694.

Radio sources
Dixon, R. S., 1970, Ap. J. Suppl., 20, 1.
Finlay, E. A. & Jones, B. B., 1977, Aust. J. Phys., 26, 389.

NGC/IC objects
Sulentic, J. W. & Tifft, W. G., 1973, The Revised New General Catalog of Non-
Stellar Astronomical Objects, University of Arizona Press.
Schmidtke, P. C., Dixon, R. S. & Gearhart, M. R., 1979, Palomar Sky Survey
Overlays, Ohio State University Radio Observatory.

Optical (non-stellar)
Dixon, R. S. & Sonneborn, G., 1979, Master Optical List, Ohio State
University Radio Observatory.

Infrared sources

Schmitz, M. et al., 1978, Merged Infrared Catalog, NASA Tech. Mem. 79683,
Goddard Space Flight Center, Greenbelt, Maryland.

Price, S. & Walker, R., 1976, The AFGL Four Color Infrared Sky Survey,
AFGL-TR-76-0208, Hanscom AF B, Massachusetts (Supplement:
AFGL-TR-77-0160, 1977).

Gezari, D. Y. et al., 1984, Catalog of Infrared Observations, NASA ref. pub.
1118.

Gamma-ray sources
Wills, R. D. et al., 1980 Adv. in Space Exploration, Vol. 7, Pergamon
Press.

Quasars
de Veny, J. B., Osborn, W. H. & Hanes, K., 1972, Pub. A.S.P., 83, 611.
Burbidge, G. R., Crowne, A. H. & Smith, H. E., 1977, Ap. J. Suppl., 33, 113.
Hewitt, A. & Burbidge, A., 1987, Ap. J. Suppl., 63, 1.
Hewitt, A. & Burbidge, G. R., 1980, A Revised Optical Catalogue of Quasi-
Stellar Objects, Ap. J. Suppl., 43, 57.

Clusters of galaxies
Abell, G., 1958, Ap. J. Suppl., 3, 211.
Klemola, A. R., 1969, A.J., 74, 804.

Seyfert galaxies
Weedman, D. W., 1977, Ann. Rev. Astr. Ap., 15, 69.
Adams, T. F., 1977, Ap. J. Suppl., 33, 19.

Markarian galaxies
Peterson, S. D., 1973, 4.J., 78, 811.

Galaxies
Sandage, A., 1961, The Hubble Atlas of Galaxies, Carnegie Institute,
Washington, DC.
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Zwicky, F. et al., 1961-68, Catalog of Galaxies and Clusters of Galaxies,
6 vols., Calif. Inst. Tech. (Pasadena).
Vorantsov-Velyaminov, 1964, Morphological Catalog of Galaxies.

Bright galaxies
de Vaucouleurs, G. & de Vaucouleurs, A., 1964, Reference Catalog of Bright
Galaxies, University of Texas Press (Austin).
Dressel, L. L. & Condon, J. J., 1976, Ap. J. Suppl., 31, 187.

Peculiar galaxies
Arp, H., 1966, Ap. J. Suppl., 123, 1.

H II regions in galaxies
Hodge, P. W., 1969, Ap. J. Suppl., 157, 73.
Lynds, B. T., 1974, Ap. J. Suppl., 267, 391.

Infrared galaxies
Reike, G. H., 1978, Ap. J., 226, 550.
Reike, G. H. & Lebofsky, M. J., 1978, Ap. J., 220, L37.
Reike, G. H. & Low, F. J., 1972, Ap. J., 176, L95.
Neugebauer, G., Becklin, E. E., Oke, J. B. & Searle, L., 1976, Ap. J., 205, 29.
Kleinmann, D. E. & Low, F. J., 1970, 4p. J., 159, L165.

Stars

AGK3 Star Catalogue, 1975, Hamburger Sternwarte (Hamburg).

Smithsonian Astrophysical Observatory Star Catalog, 1966, Smithsonian
Publ. 4652, US Government Printing Office, Washington, DC.

Hofleit, D., 1964, Catalogue of Bright Stars, Yale University Observatory (New
Haven).

Fricke, W. & Kopf, A., 1963, Fourth Fundamental Catalog (FK4), Braun
(Karlsruhe). .

Nagy, T. A. & Mead, J., 1978, HD-SAO-DM Cross Index, NASA Tech.
Mem 79564, Goddard Space Flight Center, Greenbelt, Maryland.

Schmidtke, P. C., Dixon, R. S. & Gearhart, M. R., 1979, Palomar Sky Survey
Overlays, Ohio State Radio Observatory.

Gottlieb, D. M., 1978, Ap. J. Suppl., 38, 287.

Hirshfeld, A. & Sinnott, R. W, 1981, Sky Catalogue 2000.0, Sky Publishing
Corp. (Cambridge, MA).

Rufener, F., 1980, Third Catalogue of Stars Measured in the Geneva
Observatory Photometric System, Observatoire de Genéve, Switzerland.

Star clusters and associations
Alter, G., Balazs, B. & Ruprecht, J., 1970, Catalogue of Star Clusters and
Associations, Akadémiai Kiado (Budapest).
Fenkart, R. P. & Binggeli, B., 1979, Astron. Ap. Suppl., 35, 271.
Becker, W. & Fenkart, R., 1971, Astron. Ap. Suppl., 4, 241.
Supergiants, O stars, and OB associations
Humphreys, R. M., 1978, Ap. J. Suppl., 38, 309.
Cruz-Gonzales, C., Recillas-Cruz, E., Costero, R., Peimbert, M. &
Torres-Peimbert, S., 1974, Revista Mexicana de Astronomia y Astrofisica, 1,
211.
Luminous Stars in the Northern Milky Way, 6 vols., 1959-65, Hamburger
Sternwarte and Warner and Swasey Observatories (Hamburg-Bergedorf).
Variable stars
Kukarkin, B. V. et al., 1969, Catalogue of Variable Stars, 3rd edn, Astron.
Council of the Academy of Sciences in the USSR (Moscow) (plus
Supplements).
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Ultraviolet

Catalogue of Stellar Ultraviolet Fluxes, 1978, The Science Research Council.
White dwarfs

McCook, G. P. & Scion, E. M., 1977, Obs. Contrib., No. 2, Villanova Univ.
Nearby stars

Gliese, W., 1969, Catalogue of Nearby Stars, Veroffentlichungen des
Astronom., Rechen-Inst., Heidelberg, No. 22, Verlag G. Braun (Karlsruhe).

Woolley, R., Epps, E. A., Penston, M. J. & Pocock, S. B., 1970, Roy. Obs.
Ann., No. 5.

Halliwell, M. J., 1979, Ap. J. Suppl., 41, 173.
Gliese, W. & Jahreiss, H., 1979, Astron. Astrophys. Suppl., 38, 423,

Proper motion and halo stars
Eggen, O. J., 1979, Ap. J., 230, 786.
Eggen, O. J., 1979, Ap. J. Suppl., 39, 89.
Eggen, O. J., 1980, Ap. J., 43, 457.
Luyten, W. J., 1979, NLTT Catalogue, 4 parts, Univ. of Minnesota
(Minneapolis).
Luyten, W. J., 1963, Bruce Proper Motion Survey, 2 vols., Univ. of Minnesota
(Minneapolis).
Luyten, W. J., 1961, A Catalog of 7127 Stars in the Northern Hemisphere with
Proper Motions Exceeding 0.2 arcsec Annually, Lund Press (Minn.).
Luyten, W. J., 1976, A Catalog of Stars with Proper Motions Exceeding
0.5 arcsec Annually, University of Minnesota (Minneapolis).
Giclas, H., Burnham, R. Jr. & Thomas, N. G., 1971, Lowell Proper Motion
Survey (The G Numbered Stars), Lowell Obs. Bull.: Nos. 118, 125, 141, 153,
163, Lowell Obs., Flagstaff (Arizona).
Double stars

Aitken, R. G., 1932, New General Catalog of Double Stars within 120° of the
North Pole, Publ. 417, Carnegie Inst., Washington.

Radial velocities

Abt, H. A. & Biggs, E. S., 1972, A Bibliography of Stellar Radial Velocities,
Kitt Peak National Observatory.

Evans, D. S., 1978, Catalog of Stellar Radial Velocities (microfiche).

Moore, J. H., 1932, A General Catalog of the Radial Velocities of Stars,
Nebulae, and Clusters, Publ. of Lick Obs., Vol. 18, Univ. of Calif. Press
(Berkeley).

Wilson, R. E., 1953, General Catalog of Stellar Radial Velocities Prepared at
Mount Wilson Observatory, Publ. 601, Carnegie Inst., Washington.

Stellar spectra

Houk, N. & Cowley, A. P., 1975, Univ. of Michigan Catalog of Two-
Dimensional Spectral Types for the HD Stars, Vol. I (Ann Arbor).

Buscombe, W., 1977, MK Spectral Classifications, Third General Catalog,
Northwestern Univ. (Evanston, Illinois).

Kennedy, P. M. & Buscombe, W., 1974, MK Spectral Classifications Published
Since Jaschek’s La Plata Catalog, Northwestern Univ. (Evanston, Illinois).

Jaschek, C., Conde, H. & de Sierra, A. C., 1964, Catalog of Stellar Spectra
Classified by the Morgan—Keenan System, Obs. Astron. de la Univ. Nacional
de la Plata (Argentina).

Seitter, W. C., 1970, Atlas fiir Objektiv-Prismen-Spektren, Diimmler (Bonn).

Breakiron, L. A. & Upgren, A. R., 1979, Ap. J. Suppl., 41, 709.
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Globular clusters
Harris, W. E., 1976, A.J., 81, 1095.
Arp, H., 1966, in Galactic Structure, eds. A. Blaauw & M. Schmidt, Univ. of
Chicago Press, p. 401.

Planetary nebula
Perek, L. &Kohoutek, L., 1967, Catalogue of Galactic Planetary Nebula
Czechoslovak Acad. of Sciences (Prague).

Reflection nebulae
van den Bergh, S., 1966, 4.J., 71, 990.

Supernova remnants
Downes, D., 1971, A4.J., 76, 305.
Clark, D. and Caswell, J., 1976, M.N.R.A.S., 174, 267.

Pulsars
Manchester, R. N., Lyne, A. G., Taylor, J. H., Durdin, J. M., Large, M. 1. &
Little, A. G., 1978, M.N.R.A.S., 185, 409.
Damashek, M., Taylor, J. H. & Hulse, R. A., 1978, Ap. J., 225, L31.
OH masers
Turner, B. E., 1979, Astron. Ap. Suppl., 37, 1.
CO clouds
Kutner, M. L., Machnik, D. E., Tucker, K. D. & Dickman, R. L., 1980,
Ap. J., 237, 734.

H I regions and spiral structure
Georgelin, Y. M. & Georgelin, Y. P., 1976, Astron. Ap., 49, 57.
Marsaklova, P., 1974, Ap. Space Sc., 27, 3.

5 GHz continuum surveys (galactic plane)
Altenhoff, W. J., Downes, D., Pauls, T. & Schraml, J., 1978, Astron. Ap.
Suppl., 35, 23.
Haynes, R. F., Caswell, J. L. & Simons, L. W. J., 1978, Australian J. Phys.,
Ap. Suppl., 45, 1.
Haynes, R. F., Caswell, J. L. & Simons, L. W. J., 1979, Australian J. Phys.,
Ap. Suppl., 48, 1.

Radio recombination line surveys
Downes, D. et al., 1980, Astron. Ap. Suppl. 40, 379.
Reifenstein, E. C. III, Wilson, T. L., Burke, B. F., Mezger, P. G. & Altenhoff,
W.J., 1970, Astron. Ap., 4, 357.

H I (21 cm) surveys
Heiles, C. & Habing, H., 1974, Astron. Ap. Suppl., 14.
Heiles, C. & Jenkins, E. B., 1976, Astr. Ap., 46, 333.

Sun
Solar-Geophysical Data (monthly, 2 parts), NOAA, National Geophys. and
Solar-Terrestrial Data Center (Boulder); Solar-Geophysical Data, Descriptive
Text, 1974, No. 354 (Suppl.).
Planets

American Ephemeris and Nautical Almanac (yearly), US Government Printing
Office, Washington, DC; Explanatory Suppl., 1975, HM Stationery Office,
London.
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Stellar rotational velocities

Bernacca, P. L. & Perinotto, M., A Catalog of Stellar Rotational Velocities,
Contrib. Oss. Astrofis. Asiago, Univ. Padova, No. 239, 1970; No. 250, 1971;
No. 294, 1973.

Boyarchuk, A. A. & Kopylov, 1. M., 1964, 4 General Catalog of Rotational
Velocities of 2558 Stars, Publ. Crimean Astrophys. Observ., 31, 44.

Uesugi, A. & Fukuda, 1., 1970, A Catalog of Rotational Velocities of the Stars,
Contrib. Instit. Astrophys. and Kwasan Obser. Univ. Tokyo, No. 189.

Radio galaxies
Burbidge, G. & Crowne, A. H., 1979, Ap. J. Suppl., 40, 583.

Dark clouds
Lynds, B. T., 1962, Ap. J. Suppl., 7, 1.

Binaries
Batten, A. H., Fletcher, J. M. & Mann, P. J., 1978, Seventh catalogue of the
orbital elements of spectroscopic binary systems, Pub. Dominion Astrophys.
Obs., vol. XV, No. 5.
Wood, F. B., Oliver, J. P., Florkowski, D. R. & Koch, R. H., 1980, Finding
list for observers of interacting binary stars, University of Pennsylvania Press.

Machine-readable astronomical catalogues
The Astronomical Data Center of the NASA-Goddard Space Flight Center,
Greenbelt, MD 20771, maintains a large number of machine-readable
astronomical catalogues. See Astronomical Data Center Bulletin,
NSSDC/WDC NASA-Goddard Space Flight Center.

Selected astronomical catalog prefixes (see references in previous
section)

X-ray and gamma-ray

IE HEAO-2 (Einstein).

H HEAO-1, A-2 experiment (GSFC).

XRS Amnuel et al. compilation.

4U, 3U, etc. Uhuru catalogs.

M OSO-7 catalog (MIT).

2A, A Ariel catalogs.

28 SAS-3 source (MIT).

CGS Bradt et al. galactic sources.

MXB MIT burst source (Bradt et al.).

CG (cosmic gamma-ray), usually COS-B source.

Radio

G (galactic coordinates), various sources — usually continuum surveys.
3C (3rd Cambridge) 1959, Mem. R.A.S., 68, 37; 1962, 68, 163.
4C (4th Cambridge) 1965, Mem. R.A.S., 69, 183; 1967, 47, 49.
w (Dwingeloo) Westerhout 1958, B.A.N ., 14, 215.
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CTA, CTB, CTD  (Cal Tech) 1960, Publ. A.S.P., 72, 237; Cal. Tech. Radio. Obs.
Reports (#2) 1960-65. 1963, 4.J., 68, 181.

NRAO (Green Bank) 1966, Ap. J. Suppl., 116.

PKS (Parkes) 1964, Australian J. Phys., 17, 340; 1965, 18, 329; 1966, 19,
35; 1966, 19, 837; 1968, 21, 377.

MSH (Sydney) Mills, Slee & Hill, 1958, Australian J. Phys., 11, 360; 1960,
13, 676; 1961, 14, 497.

OA-OZ (Ohio State) 1966, Ap. J., 144; 1967, A.J., 72, 536, 1968, 73, 381,
1969, 74, 612; 1970, 75, 351, 1971, 76, 777.

AMWW (Bonn) Altenhoff, Mezger, Wendkar & Westerhout, 1960, Publ.

Univ. Obs. Bonn., No. 59.

Optical-stars—general

HD Henry Draper Catalog 1918-25, Harvard Ann., 91-100.
AGK # Astronomische Gesellschaft Katalog.
FK # Fundamental Katalog.
SAO or # # # # # # Smithsonian Astrophysical Observatory Catalog.
GC General Catalog, Boss. 1936, Carnegie Inst. Wash. Publ. 468.
BD Bonner Durchmusterung, 1860, Beob. Bonn. Obs., 3; 4; 5.
SD Southern Durchmusterung, 1886, Beob. Bonn. Obs., 8.
CD (or CoD) Cordoba Durchmusterung, 1892, Result. Natl. Obs. Argentina, 16;
17: 18; 21a; 21b.
CPD Cape Photographic Durchmusterung, 1896, Ann. Cape Obs., 3; 4; :
5. i
DM BD, CP, CPD combined. |
+ # #°... Usually DM catalogs. i
HR (Harvard revised) Harvard Ann., 1908, 50. !
BS (Bright star) Yale Bright Star Catalog. Follows HR numbering

system (BS = HR #).

Optical—-stars—proper motion
G#H#A#—###

(or GD, HG) Lowell P.M. Surveys.
BPM (or L) Bruce P.M. Survey.
LP (Luyten-Palomar) 1969a, 1969b, Luyten 1963, P.M. Survey
with the 48-Inch Schmidt, Univ. Minn., Minneapolis.
LHS (Luyten Half-Second) Luyten, 0.5” yr—!. P.M. Survey.
LTT Luyten, 0.2” yr~1. P.M. Survey.
NLTT Luyten, new P.M. Catalog.
LB, etc. other Luyten P.M. Catalogs.

Optical-stars—miscellaneous

EG or GR (White Dwarfs) Eggen and/or Greenstein; EG: Ap. J., 1965, 141,
83; 1965, 142, 925; 1967, 150, 927; 1969, 158, 281. GR: Ap. J.,
1970, 162, LL55; 1974, 189, L131; 1975, 196, L117; 1976, 207,
L119; 1977, 218, L21; 1979, 227, 244. Also Greenstein, 1976,
AJ., 81,323; 1976, Ap. J., 210, 524,

GL Gliese, W., 1969, Catalog of Nearby Stars, G. Braun, Karlsruhe.
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Y (Yale) Jenkins, L. F., 1952, General Catalog of Trigonometric
Stellar Parallaxes, Yale Univ. Obs., New Haven. (Also 1963,
Suppl.)
(Yerkes) van Altena et al., A.J., 1969, 74, 2; 1971, 76, 932; 1973,
78, 781; 1973, 78, 201; 1975, 80, 647.

HZ Humason & Zwicky, 1946, Ap. J., 105, 85-91.
Wolf (or W) Nearby star discovered by Max Wolf (see Gliese catalog for data).
Ross (or R) Nearby star discovered by Frank Ross (see Gliese catalog for

" data).

PHL (Ton, Tn, TS) (Palomar-Haro-Luyten) Haro and Luyten, 1962, Bol. Obs.
Tonantzintla y Tacubaya, 3, 37. (Faint blue stars.)

VB Van Biesbroeck, G., 1961, 4.J., 66, 528.

Feige (or F) Feige, 1958, Ap. J., 128, 267.

Optical-stars—variable
Naming convention (if no standard name):
Constellation preceded by the following combinations in order of variability
discovery:
R,S,T,...,Z, RR,RS,...,RZ,SS,...,SZ,...,ZZ, AA,AB,...,AZ,
,BZ,...,0QQ,...,QZ, V335,V336,... (Note: the letter J is not
used.)

Optical-miscellaneous galactic

TR Trumpler, R., 1930, Lick Obs. Bull., No. 420 (associations).

Coll Collinder, P., 1931, Ann. Obs. Lund., No. 2 (associations).

RCW Rodgers, Campbell & Whiteoak, 1960, M.N.R.A.S., 121, 103 (H1I regions).

R Reflection nebula, preceded by constellation, as in Mon R2.

S Sharpless, 1959, Ap. J. Suppl., 4, 257 (H 1I regions).

SS Stevenson and Sanduleak object.

HH Herbig-Haro object. Herbig, 1951, Ap. J., 113, 697; Haro, 1952, Ap. J., 115,

572; Herbig, 1974, Lick Obs. Bull., 658.

Optical-general-non-stellar
NGC Dreyer’s New General Catalog.
IC Dreyer’s Index Catalog.

Optical-extragalactic

Mrk (or Mkn) Markarian, Astrofizika (in Russian), 1967, 3, 55; 1969, §,
443; 1969, 5, 581; 1971, 7, 511; 1971, 8, 155; 1973, 9, 488; 1974, 10,
307; 1976, 12, 390; 1976, 12, 657; 1977, 13, 225.

Zw Zwicky.
MCG Morphological Catalog of Galaxies.
Infrared

IRC (or TMSS) (Infrared Catalog) Neugebauer, G. & Leighton, R. B., 1969, Tiwo-
Micron Sky Survey, Cal. Tech., NASA SP-3047.

AFGL Air Force Geophys. Lab.

GMS Gillett, Merrill & Stein, 1971, Ap. J., 164, 83.

Hall Hall, R. J., 1974, A Catalog of 10-um Celestial Objects, Space and
Missile Systems Org., SAMSO-TR-74-212.

MIRC Merged Infrared Catalog.

BN Becklin—-Neugebauer object (in Orion Nebula), 1967, Ap. J., 147, 799.

KL Kleinmann-Low object (in Orion Nebula), 1967, Ap. J., 149, L1.

(The material in this chapter was prepared by C. W. Maxson of the
Harvard/Smithsonian Center for Astrophysics.)
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Diskettes for PCs
A template library is available for IBM PCs and compatibles running
DOS 2.0 or higher versions. This library is for version 1A or higher of
LOTUS® 1-2-3 and all compatible spreadsheet programs. The library is
available on diskettes and contains most of the complex formulae and much
of the tabular data of this handbook and additional material. It is menu-
driven and will yield graphical and tabular output for ‘what-if’ problems in
spherical astronomy, including coordinate transformations and rigorous
precession and nutation corrections, planetary positions, binary star
orbits, UV, X-ray, and gamma-ray absorption coefficients, relativity, unit
conversions, plasma physics parameters, synchrotron radiation, least-
squares fitting, statistics, electron ranges, X-ray reflectivity, blackbody
radiation, vacuum physics, interstellar photoelectric absorption, and
atmospheric absorption.

Requests for information should be directed to SCIENCE.wks, P.O.
Box 426, Winchester, MA 01890, USA.
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PC Software - Templates for Lotus 1-2-3

ASTRO ASTRO is a library of menu and macro-driven templates for solving
many of the computational problems in astronomy. ASTRO includes:
coordinate conversions, position reductions, Sun coordinates,

$45 planetary positions, Moon phases, calendar conversions, time
conversions, Sunrise, Sunset, twilight, binary emphemeris, star
densities, angular separation, look-back time, Planck radiation
functions, stellar irradiance, physical and astronomical constants
and conversions, linear least-squares, and radial velocity corrections.

ASTROPHYS ASTROPHYS is a library of menu and macro-driven templates for
solving many of the computational problems of ground-based and
space astronomy and astrophysics. ASTROPHYS includes: all the

$95 templates of ASTRO, plus attenuation of UV, X-ray, and gamma-ray
radiation, interstellar absorption, passage of charged particles
through matter, X-ray reflectivity, advanced transcendental functions,
numerical differentiation and integration, roots of equations,
statistics, statistical distributions, polynomial fitting, synchrotron
radiation, plasma parameters, and more.

Comprehensive manuals provide complete formulae and equations employed.

Price includes postage to anywhere in the United States. Foreign orders, add $10 for
postage and handling. Massachusetts residents must add 5% sales tax. Allow 10 days
for checks to clear. Send check, P.O., or money order to:

SCIENCE.wks
Box 426
Winchester, MA 01890

Minimum system requirements: IBM PC or compatible, LOTUS 1-2-3 or
compatibles such as Quattro and VP-Planner.

Name:

Shipping address:

City: State: Zip:
Telephone:
Send me: copies of at per copy

Amount enclosed:
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