INDEX OF SUBJECTS

Abundances, primordial 336, 467, 499-523, 554
Accelerators, elementary particle
CERN SppS Collider 472
Fermilab Tevatron pp Collider 453, 473
SLAC Stanford Linear Collider 453, 473
Superconducting Super Collider 453, 473, 480
Anisotropy in galaxy spatial or velocity distributions
See: Large-scale structure and distribution of galaxies, dipole
anisotropy in
See: Velocity fields of galaxies, dipole anisotropy in
Anisotropy in internal velocity distributions in bulges and elliptical
galaxies 4, 14, 126-127, 140, 163, 199, 339, 341, 553
Anomaly, South Atlantic 443
Anthropic principle 468
Atmospheric motions in stars, effect on velocity dispersion measurements in
galaxies b, 144, 1563-1565
Axions 10, 243-244, 264, 267, 369, 373-375, 381, 385-386, 395-396, 401 445-
446, 448, 4b54-4b7, 459, 465-4T71, 474, 477, 485-486, 491, 494-495,
543-544, 546, 551
Baade’s window 298
Background radiation
infrared 414, 433, 534-635
microwave 3, 7-8, 14-16, 97, 99-104, 108, 115, 222, 243-244, 2563, 265,
280, 340-341, 370, 379-393, 402, 414, 433, 435, 438-440, 443, 4486,
449, 475, 485-486, 497, 511, 522, 534, 539, 542-544, 546
microwave, Zel’'dovich-Sunyaev effect 15
ultraviolet 414
X-ray 15, 16, 433, 534, 536
Bag model of hadrons 334
Barrel diagram of the formation of large-scale structure 244
Bars in galaxies 142, 289-291, 295-301, 307
Baryon-antibaryon asymmetry 446, 449, 468, 492
Biased tracers of mass, galaxies as 71, 99, 102, 108, 113, 219-220, 227,
232-234, 239, 252-253, 263-264, 269-274, 276, 278, 284-287, 352,
362, 364, 375, 395, 403-404, 408, 440, 474, 562-564; see also:
Galaxy formation, biased
Big Bang 281, 335, 364, 379, 395-396, 400, 403, 410, 445, 449-450, 453,
469, 472, 499-500ff, 516, 518-519, 554
Binary galaxies, masses and mass-to-light ratios 85, 87, 88, 90, 92, 94,
96-98, 108, 111, 143, 241, 250-262, 323, 331
Binary stars, effect on velocity dispersion measurements in galaxies b5, 35,
41, 47, 49-50, 144, 163-166, 159, 552-5563
Binary stars, wide 28ff, 31, 327, 331, 525-527
Black holes 136, 152, 187, 189, 195, 221, 233-234, 381, 396, 398-399, 407,
410, 412, 414, 448, 465, 5256, 527, 535, b6b; see also: DM: black
holes
Bremsstrahlung: See: Gas, hot, X-ray-emitting
cD galaxies 93, 166, 188-189, 199, 278, 281
Carbon stars 144, 153-166, 168-1569, 427, 430
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Catalogs
Abell Catalog of rich clusters of galaxies 7, 15, 110, 117, 287, 317,
564-565
Atlas of Peculiar Galaxies (Arp) 60
Binary galaxies (Turner) 88
Binary galaxies, isolated (Karachentsev) 250-252
Center for Astrophysics (CFA) survey of galaxy velocities 98-105, 252,
254, 257-258, 260-261, 269-272, 282, 284, 375, 409, 442
CO Galactic Plane Survey (Bell Labs) 31
Durham and Edinburgh, distribution of galaxies 260
Dwarf galaxies, HI survey (Fisher, Tully) 251
Dwarf galaxies in Virgo (Binggeli, Sandage and Tarenghi) 162, 248
Galaxies to 14.5 mag (De Souza, Vettolani and Chincarini) 261
Groups of galaxies (Geller, Huchra) 281-284
Groups of galaxies (Vennik) 251
Groups of galaxies, compact (Hickson) 560
Hubble Atlas of Galaxies (Sandage) 418
IRAS Point Source and Galaxy Catalogs 97-98, 101-105, 107-108, 197, 427-
443, 542
Jagellonian catalog 260
MIT-Green Bank 5 GHz survey 240
NLTT Catalog 46, 48
Palomar-Green Survey of QSOs, white dwarfs and subdwarfs 34
Palomar Observatory Sky Survey 60
Proper Motion Catalog, Lowell Observatory (Giclas) 40, 45-46, 48
Redshift survey (Kirshner, Oemler, Schechter and Shectman) 260
Second Reference Catalogue of Bright Galaxies (de Vaucouleurs, de
Vaucouleurs and Corwin) 138
Shane-Wirtanen catalog, The Distribution of Galaxies 260, 443, 565
Shapley-Ames Catalog of Galaxies 101, 104
Uppsala General Catalogue of Galaxies (Nilson) 433
VLA-optical gravitational lens survey 234, 239-240
Yale Parallax catalogue 25
Zwicky Catalogue of Galaxies and of Clusters of Galaxies (Zwicky et al.)
3, 443
3C Radio galaxies 202
3CR Radio galaxies 209
Catastrophe theory 370
Color gradients in stellar systems 422-423, 425
Compton cooling 356-357, 367, 543
Compton scattering 433, 511
Cooling flows in galaxies and clusters of galaxies 165, 170-177, 181,
183, 187-213, 338, 397, 403, 530-533, 543-544; see also: DM,
stars, low-mass and brown dwarf, formation in cooling flows; Galaxy
formation, in cooling flows; Gas, hot, X-ray-emitting; Globular
clusters, formation in cooling flows; Star formation, in cooling
flows
Cooling time for white dwarf stars 34, 526
Correlation functions 6-9, 88, 93, 98-100, 103-108, 110, 225, 243, 254-256,
258, 260, 261, 264, 269-270, 272, 278-279, 282, 286, 337-341, 351,
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357-359, 364, 372-375, 380-388, 408-409, 439-440, 442-443, 541-542,
545-546, 562
Cosmic rays 400, 514, 5356
Cosmological constant A 3, 219, 222, 224, 227, 232-234, 243-244, 333-334,
369, 371-375, 381, 384, 386-388, 392, 403, 445, 474, 4T7-479, 484,
519, 5563
Cusps in galaxy nuclei 221, 233-234, 237-238; see also: Black holes
Dark Matter
baryonic vs non-baryonic 1-3, 5, 14-16, 18, 111, 136, 167, 187, 201,
208, 210, 219, 221, 243-244ff, 369-370, 373, 381ff, 395-404, 406-
407, 410, 445ff, 473ff, 480-481, 487, 499, 505, 508, 519, 525, 530,
538, b542-546, 5561, 5563, 556-559
black holes 136, 152, 187, 220, 381, 395-396, 398-399, 401, 407, 410-
412, 454, 525
(in) centers of galaxies, importance of 13, 656-57, 63-64, 67, 76, 122,
131, 299, 364, 540, 561
(in) clusters and groups of galaxies 1-2, 5, 17, 53, 86-89, 97-108, 111-
114, 116, 165-170, 183-190 passim, 221, 243-244, 250-253, 258, 263-
287 passim, 290, 335ff, 373, 395-410, 469-471, 473, 497-498, 505,
508, 519, 525, 529, 537{ff, 556, 562-563
cold 9, 99, 103, 106, 1563, 157-1569, 243-244, 263, 265-278, 280, 284-285,
335-367 passim, 370ff, 396, 400, 403, 410, 460-461, 466-487, 470-
471, 480-481, 484-486, 490, 495, 52b, 528-530, 535, 545, 549, 553,
6567, 565
compact dark objects 220, 238, 533-534, b542; see also: DM: black holes
compression by visible matter 6, 64, 125, 132, 141, 316, 364, 370, 526,
529, 5657
"conspiracy" between luminous and DM to make featureless flat rotation
curves b4ff, 67, 76-77, 120, 125, 131, 136, 327, 331-332, 364,
527, 543-545, 561
(on) cosmological scales 7, 97-108 passim, 111, 243-244, 252-253, 258,
263-278, 280, 284-287, 340, 369, 380-381, 395, 402-404, 406, 410,
435-443, 447, 465, 4T3-475, 478-479, 534, 537, 541-542, 556, 560,
563-564; see also: in voids; 02
decomposition of total mass distribution into components 5-6, 18ff, 54,
56-68, 64, 71-77, 82, 119-137, 140-143, 147, 149, 152, 161, 249,
293, 299, 415, 527-528, 540, 558, 560-561
(in) disks: See: DM, Oort-Bahcall analysis; DM, solar neighborhood and
other galaxy disks; Vertical velocity dispersions in disks, masses
from
distributions
asymmetric or not concentric with visible galaxies 232, 234 237, 313,
561-562; see also: DM distributions, triaxial halos
environmental effects on 59-60, 63, 66, 90, 93, 283, 316-317, 556-
6567, 560
formation: See: Galaxy evolution; Galaxy formation
properties of 4, 17ff, 23ff, 53-568, 63, 66-67, 70-79, 86ff, 94, 98,
116, 119-143, 145-149, 152, 167, 168, 183, 187, 189-190, 204, 207,
212, 225, 232, 241, 280, 283, 293, 303-317, 324, 327, 332, 335,
340, 364, 416-418, 484, 527, 529-530, 539-542, 551-552, 556-558,
561, 565; see also: DM distributions, asymmetric
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triaxial halos 8, 169, 303-314, 557-558
(in) dwarf galaxies 2, 5, 74-76, 87, 122-125, 139-182, 243, 247-249,
258, 325, 328, 339-341, 349-352, 355-356, 362, 401, 406, 411, 470-
471, 540-541, 552-553
elementary particles
annihilation, constraints from 400-401, 460-461, 472, 480, 496, 535
detection of elementary particle DM 2, 9-10, 340, 396, 400-401, 407,
471-473, 477, 480, 490, 494-495, 545-546
exotic 374-375, 381-388, 396, 400-401, 407, 410, 445-481, 485-498,
499-523 passtm, 530, b42ff, 551, b55-556; see also: elementary
particles, weakly interacting; individual particle names
phase-space constraints on composition of DM 5, 139, 147-149, 152,
168, 163, 339, 406, 469-471, 540, 545, 552
unstable 244, 374-375, 381, 384-388, 400-401, 474-477, 480, 486, 488,
493, 497-500, 511-519
weakly interacting (WIMP) 263-266, 335-336, 360, 369ff, 381ff, 395-
396, 400-401, 403, 445-481 passim, 486, 490, 496, 542, 546, 551
WIMPs, free-streaming 266, 370, 380, 396, 469-470, 545, 556
See also: DM, cold; hot; warm; baryonic vs non-baryonic; number of
species
See also under individual particle names
(in) elliptical galaxies 4-5, 14, 86, 89-90, 119, 126-127, 132, 174-177,
180-215 passim, 316-317, 327-328, 411, 530-533, 539-540, 556, 561
empty halos (no visible galaxy) 9, 139, 147, 149, 181, 232, 234, 238,
403, 408, 542, 560-562
existence 2ff, 17ff, 30, 36, 53, 67, 70-81, 86-90, 94, 96-100, 103, 108,
113, 119-129, 132, 137, 139-147, 149, 153, 1565, 157-162, 165, 168,
174-177, 183ff, 201-210 passim, 214-216, 219ff, 227ff, 232, 241,
247, 249, 261, 289, 295, 297, 299, 316, 319, 323ff, 339, 435-443,
447, 473, b537-542, 546, 548, 563-564
formation in cooling flows: See: Galaxy formation, in cooling flows
(in) galaxy halos 2-6, 8-9, 13-15, 17-19, 26, 39-40, 46, 49, 53-96, 119-
163 165, 168-170, 174-177, 180-183, 201-215, 219-221, 225, 227-232,
234, 237-238, 241, 243, 247-258, 263-287 passim, 289-317, 319ff,
335-367, 395-404, 406, 410-413, 415-425, 448, 470-471, 473, 484,
494-496, 526-536 passim, 537-546, 552-5563, 556-558, 560-562
(in) globular clusters 127
(in) groups of galaxies: See: DM in clusters and groups of galaxies
hot 116, 243, 263, 266-270, 337-340, 352, 370ff, 396, 400-401, 406, 410,
460-461, 470, 481, 484, 525, 545; see also: Neutrinos
influence on visible galaxy 8, 67, 134, 141, 289-301, 303-317, 557-558;
see also: DM: compression by visible matter
microwave background anisotropy, constraints from: See: Background
radiation, microwave
modified Newtonian dynamics as explanation of 1-2, 25-26, 64-65, 116,
160, 319-334, 408, 537, 548, 565
(in) molecular clouds 31
negative densities of 323
nucleosynthesis constraints on composition of 3, 13, 396, 401, 403, 401-
411, 413, 447, 465, 473, 481, 486, 499-523, 539-540, 543, 553-554
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observational searches for stellar tracers of 32, 220-221, 397, 415-434,
558-560
Oort-Bahcall analysis, DM in disk of Galaxy 2, 15, 17-37, 58, 76, 86,
121, 243-247, 261, 327, 331, 427-428, 473, 525, 537-538, 551-552,
5568
phase-space constraints on composition of 5, 139, 147-149, 152, 158,
163, 339, 406, 469-471, 540, 545, bb2
problem as a scientific revolution 1-2, 547-549, 565
ratio of DM to baryons 1, 4-5, 13, 16-17, 21ff, 57-58, 67, 70-76, 81,
90, 93, 119-121, 124-126, 129, 133-138, 139ff, 145-147, 152, 161,
167, 183, 187, 221, 250, 252, 258, 299, 316, 351, 364, 366, 395,
401-404, 410, 415-416, 43bff, 446-447, 465, 467-469, 473-475, 480-
481, 486, 499-500, 505, 508, 519, 5256, 527-528, 536-544, 561, 563-
564; see also: (1
semantic problems in definition of 85-86
(in) solar neighborhood and other galaxy disks 2-3, 15, 17-37, 58, 76,
136, 146, 243-247, 258, 261, 327, 331, 395, 410-411, 413, 427-428,
473, 52b-527, 537-540, 542, b551-552, 556-559
scale height 2, 17, 23ff, 30, 36, 86, 526, 538
species, number of 1-2, 17ff, 58, 86, 90, 92-93, 111, 131, 136, 187,
201, 219ff, 243-244, 373-375, 395ff, 410, 445ff, 473, 538, 542-545,
661, 556-5567
stability of disks, effect on 8, 92, 125-126, 132-134, 142, 289-
301, 557; see also: O0Ostriker-Peebles T/VV criterion for global
stability of disks
stars, low-mass and brown dwarf 17, 25, 29, 32, 35, 136, 183, 187, 189-
190, 197, 201-213, 219-221, 264, 395-401, 407, 410, 413, 415-434,
454, 52b5-528, 530-531, 548, b561-552, 558-560
formation in cooling flows 183, 189-190, 197, 201-213, 397, 530-531,
543-544
(in) star clusters, open 31, 35, 327, 526
stellar remnants 2, 18-20, 23, 28-29, 34, 136, 167, 264, 395-399, 410-
414, 5256-528, 551
strings 7, 219, 221-222, 445-447, 455-459, 461-465, 474, 477-481, 484,
486, 488, 494, 555
(in) voids 4, 7, 243-244, 252-253, 268, 263-264, 268-273, 284-287, 369,
403, 408, 435-443, 560, 562-564; see also: Biased tracers of mass,
galaxies as; DM, cosmological scales; Galaxy formation, biased
warm 243, 266-267, 337-340, 352, 370, 410, 470, 484-485, 556-557
Deceleration parameter ¢, 219, 222, 224, 228, 231, 238
Decoupling of radiation and matter in the early Universe 370, 373-374, 449,
535, 5556
Density parameter {1: See: {2
de Vaucouleurs surface brightness distribution 132, 134, 190, 237-238, 287,
331, 338, 423, 529, 540
Distribution functions, masses from (cosmic virial theorem) 88, 98-99, 107-
108, 110, 113, 439, 486, 529, b41
Dust lanes in elliptical galaxies 9, 197
Dwarf galaxies, tidal disruption of 89, 247-249
Dwarf spheroidal galaxies, velocity dispersions of systems of 40, 46, 89,
92
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Dynamical friction 8, 94, 1562, 305, 313, 340, 398, 407, 412, 557; see also:
Merging of galaxies
Dynamical modelling of ellipticals and bulges, stellar masses from 14,
119, 126-129, 131, 134, 1567, 163, 327-328; see also: Velocity
dispersions in bulges and ellipticals
Einstein - de Sitter Universe 270, 272, 360, 473-474, 553
Equivalence Principle, strong 323-324
Escape velocity from the Galaxy 39-50, 128
Exponential disks 53, 72, 134-135, 140-141, 146, 291-293, 325, 331, 364,
528
Faber-Jackson correlation of galaxy velocity dispersions and
luminosities 100-101, 149, 193-194, 339, 341-343, 348, 367
Familon 374-375
Filaments, emission-line, in galaxies and clusters of galaxies 171-172,
188-189, 195, 199, 207-209, 213, 216-217, 530-531
Fountains, galactic 531-533
Free-streaming of WIMPS 266, 370, 380, 396, 469-470, 545, 556
Friedmann model of the Universe 238, 265, 371
Galaxy evolution 29, 32, 90, 92, 133, 139, 149, 153, 157, 167, 189-190,
196, 199, 201-213, 2567, 263, 280, 283, 289-201, 295, 298-299,
303f1f, 335-367 passim, 404, 564; see also: Galaxy formation,
dwarf spheroidal galaxies from dwarf S and Irr galaxies; Gas loss
mechanisms; Infall, baryonic; Mergers of galaxies
chemical 47, 167, 180, 210, 212, 250, 335-338, 341-342, 345-349, 355,
367, 411, 413, 422, 499-523, 525, 531-532, 554
Galaxy formation 2, 33, 90, 92-93, 131, 136, 139, 147, 163, 1567, 159, 187,
189-190, 195, 199, 201-213, 222, 243, 254-2565, 257-258, 263-287,
303-304, 316-317, 335-367, 369-375, 379-393, 3956ff, 403-404, 406,
408, 414, 473, 485, 494, 497, 528-530, 539, 541-543, 548-549, b551-
5563, 556-557, 561-562
biased 3-4, 7, 167, 254-2566, 263-264, 269-274, 276, 278, 280, 284-287,
336, 338-340, 351, 357-360, 362, 375, 395, 403-404, 408-409, 474,
639, b41-b42, b4b, 548, bb3, 562
(in) cooling flows 189-190, 195, 199, 201-213, 530, 543-544
"cooling" or "dissipation" diagram: log (baryon density) wvs virial
temperature 342-348, 350-352, 357, 362, 367
dissipative collapse and fragmentation picture of 81, 335-352, 356-357,
370-371, 556
dwarf spheroidal galaxies from dwarf S and Irr galaxies 140, 146, 157,
349-352 355-3566, 362, b5b2
epoch of 9, 188-190, 201-213, 276, 280, 337-341, 344, 352, 356, 358,
360, 497, b528; see also: Galaxy formation in cooling flows;
Infall, baryonic
explosive 3, 14, 16, 286, 335-337, 357, 365, 375, 535, 539
hierarchical clustering 3, 262, 267, 269, 287, 335-341, 352, 3566-357,
363, 367, 370-373, 396-397, 539
perturbations, density fluctuations 3, 6-9, 156, 100, 244, 263-278, 280,
285-287, 316-317, 335-340, 349-352, 357-3568, 360, 363-367, 369-375,
379-393, 396, 402, 406, 440, 445-446, 465, 469-470, 474, 476, 484-
487, 489, 492-493, 497, 528-529, 539-640, 543, 545, 553-556
perturbations, Zel’dovich spectrum of 265, 370, 446, 465, 487
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Galaxy, kinematics of bulge 33, 128-129
Gas
cold 15
heating and loss mechanisms (rampressure stripping, winds, supernova
explosions) 3-5, 140, 165, 172, 174-175, 187, 191-198, 204, 212,
214-215, 335-337, 340, 346-352, 355, 362, 365-367, 411, 531-533,
552-5563
hot, X-ray emitting 3-4, 13, 15, 85, 89, 112, 119, 126, 165-181, 183-
215, 313, 328-329, 333, 339, 366, 473, 530-533, 536, 540, 556, 561-
563
chemical abundances in 167, 180, 185, 210, 212, 313
(in) galaxies and clusters of galaxies, mass in 3, 13, 15-16, 112,
1656-181, 187-188, 191, 204, 333, 562-563
models of distribution of 165-181, 184-195, 198, 202-210, 214-2156
primordial, in voids 253, 269, 338, 362, 365, 403
Gauss Theorem 334
Globular clusters
ages of 4, 250, 338, 360
formation in cooling flows 212
velocity dispersions of cluster systems 4, 40, 46, 85, 88-89, 92, 95,
127, 129
God, fingers of (effect) 272
Grand Unified Theories (GUTs) 446, 448-449, 455-459, 462-464, 468, 472,
483, 487-488, 492, 494, 502, 514, b41, 543
Gravitational lenses 9, 89, 219-241, 313, 324, 399, 403, 407-408, 410, 412,
533-534, 542, 560-562
mini-lensing 220-221, 234-237, 399, 407-408, 410, 412
Ricci focussing 231
"Rosetta Stone" lens 228, 230, 234
Gravitational waves 465, 555
Gravitinos 381, 448, 457, 470, 485, 499-500, 511-512, 519, 543
HI disks, flaring at large radii (constraints on halo shape) 557-558
HII regions, cosmological 366
Hertzsprung-Russell diagram 352
Hierarchical clustering 3, 262, 267, 269, 287, 335-341, 352, 356-357, 363,
367, 370-373, 396-397, 6539
High-velocity HI clouds in Galaxy 250
Holmberg radius 54, 124-125, 129, 135, 161, 290
Hubble constant H, 3-4, 13, 16, 69, 88, 97-102, 108, 111-112, 115, 117,
137, 139, 148-149, 163, 166, 170, 207-208, 219, 221-222, 225, 231,
241, 251-252, 254, 256, 2568, 260, 263, 266-267, 269-273, 277-278,
280-281, 285-286, 320, 326, 334, 351, 366, 380, 395-396, 408, 414,
416, 418, 435-442 passim, 446-447, 460-461, 475, 479, 485, 491,
606, 613, 519, 522, 534, 536, b38-539, 543, 545-546, 553, 562
Hubble diagram 212, 228
Hubble surface brightness distribution 190, 338, 529
Hubble types, origin of 6, 276, 280, 336, 341-3b2, 355-357, 362, 367; see
also: Morphology of galaxies and environment, correlation of
Infall, baryonic 6, 8, 64, 92-93, 132, 278, 287, 298, 303-304, 312, 335-
339, 345, 3566, 360, 364, 367, 413, b05-507, 523, 528-529, 541; see
also: Cooling flows; Mergers of galaxies
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Inflationary cosmology 3-4, 86, 111, 243-244, 253, 265-266, 272, 335, 357,
362, 364, 369-370, 375, 380, 382, 388, 392, 402-403, 410, 446-447,
449, 465, 467, 484-487, 492, 499, 505, 519, 541, 545, 5563, 555-556
Interactions of galaxies 8-9, 93-94, 116, 280, 304, 338, 344, 363; see
also: Mergers of galaxies
Intergalactic HI clouds 116, 149, 344, 533
Isothermal sphere model 64, 119, 121, 123, 128-129, 135, 139-147, 149, 152,
163, 165, 168-170, 175, 185-186, 189, 204, 220, 221-223, 225, 231,
237, 316, 327
singular 64, 220-223, 226, 237
Jacobi integral 294
Jacobi waterbag model 294-295
Jeans mass, length, instability 189, 212, 346, 360, 365, 371, 374, 445-446,
469
Jets, radio continuum 216-217, 236, 534
King models 35, 127, 143, 145-146, 149, 157, 185, 202, 283
Kuz’'min - Toomre disk model 300
La clouds 15, 347, 534, 536
La cooling 344, 346
Large-scale structure and distribution of galaxies 1, 3, 6, 8, 97, 101-106,
108, 110, 115, 117, 147, 233, 243-244, 252-256, 260, 263-287, 333-
344, 3b1-352, 357-3569, 362, 369-376, 379-393, 396, 400, 435-443,
484, 529, 539, b41-542, 545-546, 665, 562, 564-565
dipole anistropy in 97, 101-106, 108, 115, 435-443
filaments 261, 269-274, 278, 333-334, 371
formation and evolution 263-280, 283, 285-287, 333-344, 351-352, 357-
369, 362, 369-375, 379-393, 396, 400, 410, 445-446, 449, 469-471,
475-476, 480-481, 484-487, 491, 497-498, 520, 529, 539, 545-546
formation and evolution, barrel diagram of 244
pancakes 267-269, 286-287, 335-341, 344, 352, 370-375, 406, 539
percolation analysis 284, 375
voids 1, 3-4, 7-8, 103, 243-244, 261, 263, 2b65-266, 268, 260, 272, 282,
286, 333-334, 340, 358, 362, 374, 403-404, 408, 545, 560, 562
Laws of physics, breakdown of familiar 1-2, 25-26, 64-65, 116, 160, 319-
334, 408, b37, 548, 565
Liouville’'s theorem 309
Luminosity functions of galaxies 9, 111, 139, 147, 241, 339, 341, 435-436,
443, bb1
Schechter function 360, 436
Malmquist bias 7, 434
Mass loss from stars 13, 172, 191-195, 198, 204, 212, 505, 508-509, 519,
530-5631
Mass-to-light ratios 3, 5-7, 13-14, b7, 65, 70-77, 81, 83, 856-90, 92-93,
96-99, 111-113, 116, 120-128, 131-138, 140-142, 145-146, 152, 157-
162, 166-170, 176-177, 187, 190-193 passim, 201, 208, 214-215, 232,
234, 237, 248-263, 272, 284, 299, 324-329, 332, 342-343, 350-351,
36b, 362, 367, 373, 396, 403, 408-409, 413, 415-419, 422-425, 434,
499, b50b, b27-528, 539-543, 548, 5b2-553, 5568, 561-563
dependence on linear scale 86-87, 90, 92-93, 97-99, 111, 166, 252-253,
284, 539, 562-563
Mathieu instability 306
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Maxwellian distribution of velocities 361, 514

Mergers of galaxies and clusters of galaxies 9, 90, 92-93, 269, 275, 277-
278, 280-281, 283, 303, 308-310, 312-313, 316, 335, 338-340, 342,
360, 367, 372, 528-530, 556

Michie models 113

MOND (Modified Newtonian Dynamics) 1-2, 25-26, 64-65, 116, 160, 319-334,
408, 537, 548, 565

Monopoles 381, 401, 445-446, 448-449, 455-457, 459, 461-465, 472, 480

Morphology of galaxies and environment, correlation between 243, 256-258,
261, 280, 316-317, 338-339, 341, 3567, 362-363

N-body simulations 7, 9, 90, 96-99, 103, 106-108, 110, 113-114, 132, 254-
256, 263-287, 289-200, 297-298, 300-301, 303, 309, 313, 344, 356,
368-369, 370, 374, 406-409, 446, 473, 484-485, 526, 528-529, 539,
545

Neutrinos b5, 9, 116, 139, 147-149, 152, 158, 163, 243-244, 263-270, 337,
339, 361, 369-370, 373-37b, 380-388, 396, 400-401, 406, 445, 448-
461 passim, 468-481 passim, 485-486, 489-490, 493, 496, 499-500,
602-504, 511, 513, 519, 523, 525, 539-540, 544-546, 551-552, 562

solar neutrino problem 400, 496, 523

Nucleosynthesis in stars 398, 410-411, 499-523 passim; see also: Galaxy
evolution, chemical

Nucleosynthesis, primordial 3, 13, 111, 250, 280, 396, 403, 445, 447, 449
465, 467, 481, 486, 499-523, 543-544, 553-554, 556

Q 3-4, 13, 15-16, 97-103, 107-108, 111, 115, 139, 148, 219-225, 243-244,
252-253, 263, 265-267, 269-273, 276, 278, 280, 284-285, 317, 340-
341, 351-352, 357, 360, 364, 366, 371-372, 380-381, 384-388, 392,
395-396, 399-400, 402-404, 408-409, 414, 433, 435, 438-440, 442-
443, 446-448, 461, 465, 467, 469, 473-475, 478-481, 485-487, 494,
497, 499-500, 505, 508, 510, 514-519, 522, 534-539, 541-543, 545,
554-556, 562-564

poll on value of 563

Orbits of stars and gas in triaxial halos 8-9, 303-310, 312-314; see also:
DM, stability of disks, effect on

Ostriker-Peebles T /W criterion for global stability of disks 289ff, 295,
297-299

Particle physics, standard model of: SU(3)xSU(2)xU(1) 450-455, 458-459,
462, 487, 494

Particle physics, theories of 445-489

Pauli exclusion principle 148

Percolation analysis 284, 375

Photinos 264, 395, 401, 445, 448, 455, 457, 459, 468, 472, 477, 480, 490,
496, 535, 543

Photofission of light elements 499-500, 508, 511-514, 519

Planck mass, length 222, 445, 447, 468, 511

Plummer model 300

Poisson equation 17-18ff, 23-24, 26, 36, 244, 279, 284, 321, 327, 333-334,
361

Polar rings 5, 8, 54, 120-121, 303, 306-308, 312-315, 556, 558

Population models, stellar 29, 76, 122, 125-127, 133, 138, 558

Population III stars 3, 15, 345, 360, 407, 410 413-414, 5356

Protogalaxies, searches for 341, 528, 530
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Proton decay 401, 456, 472, 488
@, Toomre stability parameter 6, 131, 289-295, 298-301
go, deceleration parameter 219, 222, 224, 228, 231, 238
Quantum chromodynamics 450-455ff, 487, 489, 500
Quantum gravity 336, 449
Quark nuggets 401, 445, 448, 4b54-455, 459, 465, 468-469, 480, 485-486, 489,
499-500, 514-519, 522
Quasars 1, 81, 209, 219-240, 337, 347, 366, 374, 399-400, 403, 406, 414
432-433, 534
Gunn-Peterson effect 15, 366
Radio Galaxies 88, 188-189, 195, 202, 208-209, 216, 229, 233, 236-238, 240;
see also: Jets, radio continuum
Recombination, primordial 265, 381, 383-384, 393, 497
Reflection nebulae, high-latitude galactic ("galactic cirrus") 424, 436,
438, 442
Relaxation in galaxies and clusters of galaxies 112, 147, 278, 287, 294,
309, 313, 339, 341-342, 352, 528-529
Ripples and shells in elliptical galaxies 14, 60-61, 127, 303, 308-310,
313, 316-317, 540
Rotation curve of the Galaxy 19, 23, 25, 33, 36, 39ff, 49, 86, 127-128,
289, 294-297, 301, bb3, 557
Rotation curves of galaxies 5, 13-14, 17, 51-83, 86-88, 92-93, 119-129,
132-137, 139-143, 148-149, 152, 161-162, 219-220, 223, 225, 233,
241, 249, 263, 275-276, 278, 280, 291-301, 308, 315, 321, 324-328,
331-332, 334, 339, 356, 361, 364, 413, 415, 417, 420, 423, 434,
473, 527-530, 540, 543-545, 548, 553, 557-558, 560-561, 565
falling at large r 13, 60, 69, 74, 78-79, 82-83, 92, 223, 225, 415, 473,
558, 565
flat at large r 5, 13, 36, 39, 49, 53-79, 83, 86-87, 92, 119-121, 124,
128-129, 132, 140-142, 148-149, 161, 225, 263, 275, 278, 280, 293,
298, 308, 324, 326, 331, 339, 364, 423, 528-530, 543-544, 557, 560,
5656
noncircular motions and 5-6, 13, 15, 33, 57, 76, 67-70, 74-78, 81, 140-
141, 143, 152, 162, 540, 558, 561
points derived from quasar absorption lines 81
rising at large r 39, 53ff, 63, 69, 83, 92, 141, 161, 225, 300
Satellites: See: Telescopes
Schechter galaxy luminosity function 360, 436
Secondary ionization in early Universe 244, 384, 386, 388, 543-544
Self-gravity in dwarf galaxies 139
Seyfert galaxies 432
Shadow matter 445, 448, 455, 458, 480, 486, 540, 5556
Shells and ripples in elliptical galaxies 14, 60-61, 127, 303, 308-310,
313, 316-317, 540
Solar neutrino problem 400, 496, 523
Spiral structure, theory of 6, 64, 76, 125, 131, 133, 142, 294-295
Stability of disks, effect of bulge and hot disk on 289-301; see also: DM,
stability of disks, effect on; @, Toomre stability parameter
Star formation
(in) cooling flows 183, 189-190, 195, 197, 201-213, 338, 397, 543-544
effect of lack of self-gravity on 139, 146-147, 149, 561
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initial mass function 2, 85, 126, 138, 157, 183, 189-190, 195, 197, 201-
213, 264, 338, 344-348, 355, 397-398, 407, 411, 422, 427ff, 525-
528, 530, 543-b644, b49, 5561-553, 566, 558-560, 562
initial mass function, bimodal 29, 397, 413, 422, 427ff, 525, 527-528,
630, 549, 5b61-662; see also: Cooling flows
starbursts in galaxies and galaxy nuclei 425, 432-434
Stars
brown dwarf, observational searches for 32, 220-221, 427-434, 525-526
distribution of tracer 17-37, 49, 152, 558-560
high velocity 39-50, 127-128
Strings, cosmic 7, 219, 221-222, 337, 445-447, 449, 455-459, 461-465, 474,
477-481, 484, 486, 488, 494, 555
Stromgren photometry 552
Stromgren radius 366
Supernovae 3-5, 165, 179, 181, 193-194, 196-198, 204, 214, 340, 346-350,
356, 362, 367, 398, 400, 405, 531-533, 544; see also: Galaxy
evolution, chemical; Galaxy formation, explosive; Gas heating and
loss mechanisms
Surveys: See: Catalogs
T/W Criterion for global stability of disks 289ff, 295, 297-299
Telescopes
Arecibo radio telescope 116
AXAF satellite 4, 180, 187, 190
Canada-France-Hawaii Telescope 144, 149, 197, 216
CTIO 4-m telescope 32, 315
Einstein satellite 4, 168, 176, 178, 180, 185-186, 202, 209-210, 433,
561
HEAO-1 satellite 186
Hipparcos satellite 26
Infrared Astronomy Satellite (IRAS) 25, 97-98, 101-105, 107-108, 197,
397-398, 414-41b, 420-424, 427-443, 542
International Ultraviolet Explorer satellite 208
Jodrell Bank radio telescope 1156
KPNO 36-inch telescope 52, 61
KPNO 4-m telescope 956
Las Campanas 100-inch telescope 60
Multiple Mirror Telescope 39, 154, 158
National New Technology Telescope 227
Palomar 200-inch telescope 52, 58
Parkes radio telescope 115
RELIC satellite 388, 391
ROSAT satellite 180
Space Telescope, Hubble 227, 232-233, 375
Very Large Array 68, 94, 227, 233-234, 238-240
Very Long Baseline Array 227
Westerbork Synthesis Radio Telescope 68, 82-83, 124, 141, 149
Whipple Observatory 61-cm telescope
Tidal interactions 280, 283, 304, 338-339, 344, 363; see also: Dwarf
galaxies, tidal disruption of
Tidal limits of galaxies, masses from 87-88, 94, 143, 247-249, 553, 560
Timing arguments in Local Group, masses from 87-88, 127, 260, 539
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Toomre stability parameter Q 6, 131, 289-295, 298-301
Tully-Fisher relation 76, 115, 142, 162, 339, 341-343, 367
Universe, early, processes occurring in 369-394, 400, 402, 410, 445-481,
484-489, 492-493, 497-523, 535, 543-545, 555-556; see also: Big
bang; Nucleosynthesis, primordial; Recombination, primordial;
Secondary ionization
Vinaz prize 61
Vimaz/0 - € diagram 141, 315, 339
van Allen radiation belts 443
Velocity-dispersion - age correlation in galactic stars 412, 559
Velocity dispersions in bulges and elliptical galaxies 14, 126-129, 131,
134, 140, 143-149, 153-160, 163, 176-177, 184, 186, 188-189, 192-
194, 199, 202, 247, 249, 283, 327-328, 407, 552-553
Velocity dispersions in disks of galaxies 17-37, 121-122, 125, 131, 289-
301, 398, 412, 415, 418, 552, 568
Velocity fields
around clusters of galaxies 97, 100, 103-108, 112, 265-276 passim, 287,
339-340, 380; see also: Velocity field in Local Supercluster;
Virial theorem, cosmic
of galaxies, dipole anisotropy in 98, 100, 103, 106-108
in Local Supercluster 97-101, 103, 107-108, 110, 115, 332, 402, 435-436,
439-441, 486, b41; see also: Velocity fields around clusters of
galaxies
tidal field in Local Supercluster 435-436, 439-441
Vertical velocity dispersion in disks, masses, mass-to-light ratios
from 121-122, 125, 131, 415, 418, 552, 558; see also: DM: Oort-
Bahcall analysis
Very Long Baseline Interferometry 227, 238, 399, 412, 537
Virial theorem, cosmic 88, 98-99, 107-108, 110, 113, 439, 486, 529, 541
Virial theorem, masses from 1, 5, 17, 31, 35, 40, 86-87, 97-99, 108, 110,
112-114, 116, 129, 143-149, 163ff, 157-158, 169ff, 184, 186, 247,
249-250, 284, 343, 396, 404, 537, 539, b41
alternatives to 113
Vlasov equation 17-18, 23-24, 361, 498
Voids 1, 3-4, 7-8, 103, 243-244, 251, 2563, 2b65-256, 258, 260, 272, 282,
286, 333-334, 340, 358, 362, 374, 403-404, 408, 545, 560, 562
WKBJ analysis 306
Warps in disks 8, 54, 67ff, 81-82, 120, 140, 297, 303-308, 312, 314, 557
X-rays from discrete sources 171-172, 180-181
X-ray-emitting gas: See: Gas, hot, x-ray emitting
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