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absolute method, 12
acceleration of Universe, 183, 189
action/reaction law, 52
age of Universe, 178
accepted value, 179
determining, 185
from position-vs.-time graphs, 186
Airy pattern and disk, 115
AM radio frequency, 100
amplitude, 69
angular diameter, 106
angular resolution, 110
definition of, 111
effect of turbulence, 119
limitation on parallax, 123
of Greenbank radio telescope, 121
of Keck telescope, 121
angular size, 106
calculating, 108
dependence on distance, 107
dependence on physical size, 108
vs. parallax angle, 107
aperture
definition of, 118
effect on PSF, 117
aphelion, 57
apparent brightness, 83, 126
apparent wavelength, 87
arcseconds, 123
astrology, 65
average density, 154

base in scientific notation, 29
baseline, 103
definition of, 122

Big Bang, 178
on position-vs.-time graphs, 185
Big Crunch, 185
billion, 34
black hole
definition of, 157, 164
density of, 164, 189
escape speed, 167
formation of, 157, 164
growth of event horizon, 166
importance of mathematics, 152
supermassive, 190
blackbody
definition of, 74
emitted flux, 74
spectrum, 74
blueshift, 86
bound orbit, 160

calculator issues, 38
cube roots, 61
center of gravity, 43
center of mass, 57, 91
cgs units, 10
circle
area of, 12
circumference of, 12
coefficient
in scientific notation, 29
collapse of Universe, 189
comparing quantities, 12
compound units, 10
conic sections, 160
conversion factor, 2
converting numbers, 31
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core temperature, 146
cosmology, 152

cube root, 38

cycle, 70

density, 153

average, 154

definition of, 153

effect on escape speed, 163

of black hole, 164, 189

of neutron star, 189

of rock, 155

of seawater, 155

of spherical objects, 157

of styrofoam, 155

of Sun, 154

of white dwarf star, 189

of wood, 155

proportionalities, 156

units of, 154
diffraction-limited resolution, 119
displacement law, 76
distance modulus, 137
Doppler equation, 87

alternative forms of, 88
Doppler shift, 86

interplanetary spacecraft, 101

Earth

as a black hole, 167

mass of, 47

radius of, 47
eccentricity, 56
electromagnetic radiation

types of electromagnetic waves, 66

ellipse
drawing, 55
eccentricity, 56
focus of, 55
orbit parameters, 57
semi-major axis, 56
semi-minor axis, 56
elliptical orbit, 160
emissivity, 79
energy
kinetic, 162
of photon, 70
potential, 162
units of, 10
energy flux
definition of, 69, 78
dependence on distance, 128

received at Earth, 83
units of, 78
equation of straight line, 172, 181
equivalence relation, 3
error bars, 173
escape speed, 159
at event horizon, 168
calculating, 161
dependence on density, 163
independence from mass, 162
near a black hole, 167
escape velocity, 159
event horizon, 164
growth of, 166
significance of, 168
size of, 165
exoplanet
detecting, 91
transit, 100
exoplanet 55 Cancri d, 65
EXP or EE button, 38
expansion of the Universe, 169
changing rate of, 180
discovery of, 180
exponent
in scientific notation, 29
negative, 30

fate of Universe, 183
focal plane and focal point, 112
focus of an ellipse, 55
force

unbalanced, 51

units of, 10
force of gravity, 42

calculating Fg, 44
frequency, 68, 70

AM and FM radio, 100

true value, 86

units of, 70

G,42
g,42,54
galaxy cluster, 190
Galileo, 110
geosynchronous orbit, 63
gnaB giB, 185
Grand Canyon, 189
gravitational acceleration, 42, 53
gravity, 41
calculating the force of, 44
center of, 43
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inverse-square relationship, 44

Jupiter’s surface, 50

Moon’s surface, 48

surface, 46

terms in equation, 42

universal gravitational constant, 42
Greenbank telescope resolution, 121

H( (Hubble constant)
definition of, 172
dimensions of, 174
numerical value of, 173
units of, 175

H-R diagram, 139
axes, 142
star lifetime, 147
star mass, 146
star radius, 144

hammerhead shark, 103

Hipparchus, 131

Hipparcos satellite, 125

history of Universe, 183

homogeneous objects, 154

Hubble diagram, 171
finding Hy from, 172

Hubble time, 178

Hubble Ultra-Deep Field, 40

Hubble’s Law, 171, 172
calculations with, 176
limitations of, 176
scatter of points, 172

Hubble, Edwin, 179

human body
high fever, 100
luminosity of, 81
thermal radiation from, 77

hyperbola, 160

Hz (hertz), 70

in phase, 111
incompressible materials, 154
inertia, 52, 54
infrared goggles, 78
intensity, 69
interference, 111
constructive, 111
destructive, 111
International Space Station, 65
interplanetary spacecraft, 101
inverse proportionality relationships, 21
inverse-square law, 44
for gravity, 44

Index

for light, 128
irradiance, 69
isotropic, 129

joules, 10
junk yard, 157
Jupiter’s surface gravity, 50

Keck telescope resolution, 121
Kepler’s Laws, 55
Newton’s modification, 91
Kepler’s Third Law
calculations using, 60
kinetic energy, 162

Lo, 141
law of inertia, 52
Lemaitre, Georges, 179
lifetime of Sun, 27
light

as wave and particle, 66

meaning of word in astronomy, 66

speed of, 25
light year (ly), 26
light-gathering power, 40
limiting cases, 152
of density, 156
Lippershey, Hans, 110
logarithmic scale, 143
luminosity, 126
definition of, 79
of human body, 81
of red giant star, 81
units of, 79
ly (light year), 3, 26

M sini, 99
Mgp, 141
magnitudes, 130
absolute, 135
apparent, 131
negative, 135
main sequence, 140, 148
Marianas Trench, 64
mass, 43
center of, 57,91
different from weight, 43
minimum, 99
of Earth, 47
of Sun, 45, 62
maximum size of Universe, 188
million, 34
minimum mass, 99
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Moon’s surface gravity, 48
Mount Everest, 64, 189
mountain of cotton balls, 154

N (newton), 10

negative speed of recession, 89
neutron star density, 189
Newton’s Law of Gravity, 41
Newton’s Laws of Motion, 51
Newton, Isaac

modifications of Kepler’s Laws, 62

newtons (N), 10
normalization, 29
nuclear fusion, 147
nulls of PSF, 113
numbers as words, 33

observable Universe, 184
orbit
bound and unbound, 160
face-on, 98
geosynchronous, 63
parameters, 57
without propulsion, 160
orbital inclination, 99
effect of, 99
orbital period, 60
order of magnitude, 29
order-of-magnitude estimation, 36
orders of magnitude, 143
out of phase, 111

parabola, 160
parallax
angular resolution limit, 123
baseline, 103
concept, 102
definition of, 102, 122
demonstration of, 102
equation, 122
general equation, 105
solving problems, 124, 125
units, 123, 124
parallax angle, 103
vs. angular size, 107
parallelepiped volume, 153
parsec (pc), 3, 123
definition of, 123
pc (parsec), 3, 123
perihelion, 57
period of orbit, 60
photon, 70

photosphere as surface, 46
Planck’s constant, 72
Pogson, Norman Robert, 133
point-spread function, 113
position-vs.-time graphs, 180
age of Universe from, 186
Big Bang on, 185
changing slope on, 182
cosmological, 183
potential energy, 162
power definition and units, 10
power density
definition of, 127
proportionality, 18
proportionality relationships
inverse, 21
PSF
definition of, 113
dependence on wavelength, 117
overlapping, 116

quadrillion, 34

Rp, 141
radial motion, 92
radial velocity plots, 91
radiation laws, 73
applying, 83
raising numbers to powers, 37
rate problems, 23
ratio method, 14
interpreting answers, 16, 126
Rayleigh criterion, 116
recession speed
definition of, 87
of galaxies, 169
sign convention, 172
red giants, 140, 189
redshift, 86
resolution
diffraction-limited, 119
resolved sources, 116
ROM, 36
ROYGBLV, 70
RV plot, 96

satellites, 160

scalar, 159

scale, logarithmic, 143

Schwarzschild radius, 164
definition of, 164, 168
dependence on mass, 165
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scientific notation, 28
base, 29
calculations using, 34
converting numbers, 31
exponent, 29
negative exponent, 30
normalized, 29
taking roots, 38
seawater density, 155
semi-major axis, 56
semi-minor axis, 56
sensitivity
of telescope, 111
SI units, 10
simultaneous equations, 58
singularity definition, 157
slope of straight line, 172
solar constant, 130
solar eclipse, 109
solar luminosities, 141
solar masses, 62, 141
solar radii, 141
solar units, 141
spectrum
definition of, 66
electromagnetic, 67
horizontal axis of, 69
of sound waves, 67
ROYGBIV, 70
speed, 23
negative recession, 89
of light, 25
recession, 87, 169
sphere
surface area of, 12
volume of, 12
square root, 38
star lifetime
on the H-R diagram, 147
rate problems, 148
relationship to mass, 149
star mass
on the H-R diagram, 146
relationship to lifetime, 149
star radius
on the H-R diagram, 144
Stefan’s constant, 78
Stefan’s Law, 76, 78
straight line, 172
equation of, 172, 181
slope of, 172

Index

Sun

as a black hole, 163, 166

density of, 154

lifetime of, 27

mass of, 45

temperature of, 78

thermal radiation, 78
supermassive black hole, 190
supernova, 156, 164
surface area of sphere, 12
surface gravity, 46
surface of gaseous object, 46
surface temperature, 142, 147

Ty, 178
telecommunications satellite, 63
telescope, 110
temperature
core, 146
feverish human body, 100
in luminosity equation, 79
in Stefan’s Law, 78
in Wien’s Law, 76
surface, 142, 147
thermal radiation, 74
from the human body, 77
of Sun, 78
transit of exoplanet, 100
transverse motion, 92
trillion, 34
true wavelength, 87

unbalanced force, 51
unbound orbit, 160
uncertainties, 172
minimizing the effect of, 174
unit conversions, 2
checking your answer, 6
unitless numbers, 1
units, 1
cgs, 10
compound, 10
conversion factor, 2
conversion of, 2

converting units with exponents, 8

importance of, 1
joules, 10
multiple, 7
newtons, 10

of energy flux, 78
of luminosity, 79
of power, 10
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of volume, 154
SL, 10
watts, 10
universal gravitational constant, 42
Universe
acceleration of, 183, 189
age of, 178
changing future expansion
rate, 188
changing past expansion
rate, 186
collapse of, 189
expansion of, 169
history and fate of, 183
maximum size of, 188
no center or edge, 169
observable, 184

vector, 159
velocity, 23
visible light wavelengths, 119

Index

volume
definition of, 153
of parallelepiped, 153
of sphere, 12
units of, 154

W, 10
watts, 10
wavelength, 70
apparent, 87
of visible light, 119
true, 87
units of, 70
weight, 43
of objects with different density, 153
white dwarf
density of, 189
white dwarfs, 140
Wien’s Law, 76
value of constant b, 76

y-intercept, 172
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