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(Note: unless otherwise apparent, entries refer to the photospheric granulation.)

abnormal granulation, see disturbances in
active regions
effect on granulation? 88, 219-21, 228
fine structure of magnetic field 86, 88
anelastic approximation, see convective
theory

balloon-borne observatories
Soviet Stratospheric Solar Observatory
21, 36,40, 55,71-3, 75-6
Spektrostratoskop 36, 48-9, 51, 74-5,
82
Stratoscope 14, 17-20, 36, 45, 53, 64,
74,88
Boussinesg approximation, see convective
theory
brightness
centre-limb variation of rms 74-5, 146,
150,193
distribution across a granule 46-7, 77
diversity in 47-8
ms, continuum 67-77
rms, in Fraunhofer lines 75-6
1ms, theoretical 204
wavelength variation of rms 75-7
see also statistical properties
brightness-size correlation 17, 47-8
brightness-velocity correlation 12-13, 58-
60, 82-3
Brunt-Viisild frequency, see internal
gravity waves

C-shape, see Fraunhofer lines
cell size
observed 41-5, 73-4
theoretical 112-15,158-9, 161, 165,
167,199,207
cell size of supergranulation 88-91

251

cellular pattern §, 7, 9-10, 15-17, 19, 39,
44,95
changes in individual granules, see evolution
contrast 45-6, 60, 62,77, 191
contribution function, see radiative transfer
theory
convection
calculation of solar and stellar models
110, 152
classical Rayleigh problem 110~13
efficiency 142-3, 145, 152, 201, 212
forced 29-30, 128-9
in Nature 29-30, 33, 208-9
in the stars xi-xii, 152
nature of turbulent 133-5, 153-4, 168
206
penetration 129
thermals vs. eddies 146, 148, 150, 168
see also convective models, convective
overshoot, convective theory, experi-
ments on convection, Rayleigh
number, solar convection zone
convective heat flux in solar photosphere
observed 193, 210-11
theoretical 196, 210-11, 224
convective instability criterion
Rayleigh 109
Schwarzschild 55, 109-10
convective models, linear 111-15, 207
applied to polytropic atmosphere 115-
16

applied to solar convection zone 152-3,
207
limitations of 116, 153, 207
convective models, non-inear
anelastic 157-62, 184, 194-5, 202-3,
227,228
applied to granulation 194-5

© Cambridge University Press

www.cambridge.org



http://www.cambridge.org/9780521115513
http://www.cambridge.org
http://www.cambridge.org

Cambridge University Press

978-0-521-11551-3 - The Solar Granulation, Second Edition

R. J. Bray, R. E. Loughhead and C. J. Durrant

Index
More information

252

applied to polytropic atmosphere 158~

applied to solar convection zone 168-9,
184,228

applied to stellar convection zones 159~
60, 165-6,212

applied to stellar granulation 227

Boussinesq 117-18, 123-6, 137

full 163-6, 184,198-201

convective overshoot

definition 129

in laboratory 129-35

interfacial layer 129-30, 133-4, 189

linear theory 130

non-linear theory 130-1

convective theory

anelastic approximation 102-6

Boussinesq approximation 106-7

convective heat flux 123-5, 142-3, 148,
150-2

eddy dynamics 146-9, 168-9, 200-1,
204-5

eddy (turbulent) viscosity 146-7, 153,
155-6,158,199, 202

flow pattern 160-1, 164-6, 199-201,
203-5

fundamental mode 112, 152

growth rate 111-12,115, 147-8, 152

harmonic mode 66,111, 147,157

linearized 111-16, 207

mean temperature gradient 161~2, 167,
187-8, 198, 201

mixing-length, see mixing-length theories

modal analysis 111, 135, 157-9, 167,
169,202

onset of convection (Rayleigh problem)
108-16, 130

role of planform 159-61

role of pressure 107, 160-1, 164, 196,
207,212

role of radiative transfer 151, 181-2,
184

scale of motion 149, 159-60, 164-6,
169, 184,199,207-8, 213-14

vorticity 120-1, 123-5,127, 199

see also convective models, convective
overshoot, mixing-length theories

dark lanes, intergranular 2, 5,9, 12, 16~17,
19,39-41,45
dark regions 19,42
dark spot 52,207
diagnostic diagrams, see statistical properties
diameter, of individual granules
early measurements 2,5, 9
in undisturbed regions 17, 19, 39-41, 47
near sunspots 41, 86

Subject index

diffusion approximation, see radiative
transfer

disturbances in abnormal granulation 56,
86-8

early observations
chronological summary 18
historical survey 1-18
photographic 5-9, 18
visual 1-5, 18
Eddington approximation, see radiative
transfer
Eddington-Barbier relation, see radiative
transfer
evolution
observed 8,17, 50-3
theoretical 168, 201, 204-5
experiments on convection
Bénard’s 11,116
cell shape 112,117-18
convective heat flux 118-20, 133
convective overshoot 129, 131-5
critical Rayleigh number 117
direction of circulation 117-18
effect of surface tension 8, 116
steady 117-19,126
time-dependent 122-6
turbulent 123, 126, 131-5
‘exploding’ granules 48, 52, 203, 207
extension into upper photosphere 53-64,
75-6,79-82, 84-5

faculae, photospheric
facular granules 56-7, 93
facular points 93
filigree 87-8
relation to abnormal granulation 56-7,
88
see glso network, photospheric
families of granules 53, 74, 87, 94
foreshortening near limb 54-5
formation and dissolution of individual
granules
observed 50-3
theoretical 168, 201-5
fractional area covered by granules 41-2
fragmentation of granules, see ‘exploding’
granules
Fraunhofer lines
asymmetry, centre-limb variation 218,
221
asymmetry in stars 225-7
asymmetry of mean profile (C-shape) 61,
216-24
central intensity correlation with con-
tinuum fluctuations 84-5
Doppler shifts, see velocity
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gravitational redshift 217

interpretation of asymmetry and shift
216,221-4

profiles of ‘hot’ and ‘cold’ elements
60-1, 216

rms central intensity 75-6

wavelength shifts (mean profile) 216-18

wavelength shifts, in stars 227

see also radiative transfer theory, heijght
of formation

giant cells, hypothetical 104, 167, 184,
214-15

granule, introduction of term 4-5, 18

gravity waves, see internal gravity waves

Harvard-Smithsonian Reference Atmo-
sphere, see homogeneous models of
photosphere

height of formation

of continuum 57-8
of Fraunhofer lines 57-8, 75-6, 81, 84
height of overshoot, see extension into
upper photosphere, interpretation of
observed properties

homogeneous models of photosphere 146,
188-9,195

hydrodynamic equations

anelastic 105, 137, 154, 158,195, 228
Boussinesq 106-7, 110, 141

general 97-102

mean-field 130, 147,153,159

image blurring, see seeing, solar
image motion, see seeing, solar
inhomogeneous models of photosphere 185,
187-98
empirical 188-94
limitations of empirical 193~-4
semi-empirical 194-8
inhomogeneous models of stellar photo-
pheres 227
instrumental profile 28-9, 37-9, 45-6, 66,
71,79
interfacial layer, see convective overshoot
intergranular lanes, see dark lanes, inter-
granular
internal gravity waves 130-1, 133, 135
Brunt-Viisilia frequency 109, 131
in solar atmosphere? 211-12
interaction with convective motions 131,
133,135
radiative damping136
interpretation of observed properties
as a convective phenomenon 10-13, 15-
16, 25, 48, 83, 85,95, 186-7, 223-4
cellular appearance 186, 206
direction of circulation 212

evolution 209

height of overshoot 209-12

lifetime 208-9

mean cell size 206-8

role of non-uniform radiative transfer
181-4,192-3

source of energy 10-11, 18, 95, 186-7,
199, 204

turbulence spectrum 212-13

velocity-brightness correlation 83, 85,
186

visibility near limb 209

isoplanatic patch, see seeing, solar

Kelvin-Helmholtz instability 108, 215
Kolmogoroff’s law 13-14, 128, 212

lifetime of individual granules
early measurements 8, 18
observed 16, 18, 49-50
theoretical 201, 204
limb appearance 53-5, 63-4
line-spread function, see instrumental profile

Mach number 104, 161-2
magnetic field of active regions, fine struc-
ture 86, 88
magnetic field of individual granules 86
mesogranulation 53,92, 94
microturbulence 194, 212-13
mixing-length theories 11, 18, 139-53, 167,
210
local 141-9
limitations of 149
non-local 149-51
vis-a-vis turbulence 140, 168
modulation transfer function, see instru-
mental profile

network 86
chromospheric 91
photospheric 56-7, 67, 88,92, 215
relation to abnormal granulation 56, 88
number of granules on Sun 44
Nusselt number 118-19, 125, 152
see also convective heat flux in solar
photosphere

observatories
Allegheny 2
Big Bear 32
Capri 32-3, 35,72
Crimea 8
Culgoora (CSIRO) 19, 23,31, 42, 62-3
Izaha 25,32-5,71,73
Kitt Peak 28, 35, 58-9
La Palma (Muchachos) 32-4
McMath~-Hulbert 15-16
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Meudon §$, 6, 8

Mt Wilson 12, 16, 58, 82, 88

Munich 10

Oslo 76

Oxford 11, 88

Pamir 59

Pic-du-Midi 16, 33, 51-2,55-6, 71

Potsdam 15

Princeton 12

Pulkovo 8

Royal Greenwich 2

Sacramento Peak 33, 35, 50, 60, 62, 67,
72,79-80, 87,92

Sydney (CSIRO) 16-19, 23,32, 54

Yerkes 15

Z5-S¢ 8-9

oscillatory velocity field, see velocity,
oscillatory motions in upper photo-
sphere
overshoot, see convective overshoot

Péclet number 156,158
penumbral bright grains, see sunspots
photography of granulation
beginning of modern era 16-18
early history 5-10, 18
from manned balloon 17-18
from unmanned balloon, see balloon-
borne observatories
photometry, see contrast, brightness,
statistical properties
photospheric models, see homogeneous

models, inhomogeneous models, solar

convection zone
photospheric structures, summary of
properties 93
plumes, convective
in boundary layer of Earth’s atmosphere
29-31, 209
in developed convection 122, 124-5,
134-5
in solar convection zone? 209
point-spread function, see instrumental
profile
polygonal appearance, see shape
polytropes 105-6, 114-15
pores, sunspot, see sunspots
‘porules’, see dark regions
power spectrum, see statistical properties
Prandtl number
definition 111, 156
in solar convection zone 127, 145
role in convective dynamics 121-6,
159-60, 165-6

radiative transfer theory 169-84,192-3
basic equation 170

Subject index

contribution function 57-8, 172
cooling times in solar photosphere
180-1
diffusion approximation 176-8, 184,
196,198
Eddington approximation 176-8, 181-2,
184,193,195, 203
Eddington-Barbier relation 57, 75-6,
103,171-2
local thermodynamic equilibrium (LTE)
175-7,179, 183-4,195-6
non-uniform 55,57, 75, 176-84
non-uniform, applied to granule observa-
tions 181-4,191-3
radiative conductivity 178
radiative cooling 151, 179-81, 203, 209
radiative equilibrium 181,193
radiative heat flux 170, 177-8, 180
source function 171, 173-6, 195
two-dimensional solutions 181-4,192-3
weighting functions 82, 172-3, 191, 222
Rayleigh criterion, see convective instability
criterion
Rayleigh number
breakdown of steady flow 122-3, 126
critical 110, 112-14,117
critical, for multilayer fluids 113, 130
critical, for polytropic atmosphere 114~
15
definition 109, 111, 114,130,153
effect on heat transport 118-19, 125
in solar convection zone 127, 145
role in non-linear theory 112, 123-5,
161, 164-5
Rayleigh-Taylor instability 107-8, 199
réseau photosphérique 6, 8
Reynolds number 11, 122, 156, 158
‘rice grains’ 2

Schwarzschild criterion, see convective
instability criterion
seeing, solar
comparison between observatories 33-5
dependence on height 29-33
Fried parameter 38, 72, 94
image blurring 27-8, 32-5,94
image motion 27-8, 94
implications for telescope location 31-5
influence of local terrain 33
instrumental compensation for 37-8
intermittency 30-1, 35
isoplanatic patch 37
magnitude of temperature fluctua-
tions 31
origin 26-35, 94
seeing disk 28
speckles 27, 38
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statistics 32-5
theory of image distortion 26-7, 37-8,

72
see also instrumental profile, réseau
photosphérique
shape, of individual granules 2-5, 10, 18-19,
25,38-9

size, of individual granules
diversity in 19, 41-3,47-8
see also diameter
solar convection zone, physical conditions

in 143-6, 169, 186-8, 198-9,
213-14

convective heat flux 144

density 187-8

effective thickness of granulation layer
169, 208

effective thickness of supergranulation
layer 169, 214

gas pressure 144, 188

ionization energy 10, 95, 186-7

kinematic viscosity 145

Prandtl number 127, 145

radiative conductivity 145

Rayleigh number 127, 145

temperature 144

temperature gradient 144, 188, 198,
201

thickness 144-6

‘turbulence’ 11,13-14, 18,138

solar cycle, dependence on 44-5
solar rotation
effect on giant cells 104
effect on granulation 103
effect on supergranulation 103, 137
solar seeing, see seeing, solar
statistical properties 64-85
brightness power spectrum 65, 68-9,
72-4
coherence 83-5
correction for instrumental profile and
seeing 38, 66, 71-3,77,79
diagnostic diagrams 67-9, 78-80
spectral analysis 64~7
time lag between brightness and velocity
85
velocity power spectrum 68-9, 78-9
stellar convection zones xi-xii
stellar granulation 225-8
structure within individual granules 40, 52
summary of observed properties 93
Sun, spectral class xi
sunspots
appearance of granulation near 41, 56,
86-7
penumbral bright grains 93

255

pores 4, 19, 87
umbral dots 93

supergranulation 82, 88-94
as brightness pattern 92
cell size 88-91
convective model 228
discovery 78, 88
due to helium ionization 214
due to mechanical effects 215
effective layer thickness 214
horizontal velocities 88, 91
interpretation of observed properties

213-15

magnetic field at cell boundaries 86, 92
number of supergranules on Sun 90
observed properties 90-2
relationship to network 67, 91-2
summary of properties 93
supergranule diameters 88, 90-1
supergranule lifetimes 88
transport of granules 91
velocity pattern 89-90
vertical velocities 92

surface density of granules 43~4

telescope, instrumental profile of, see
instrumental profile
temperature fluctuations
observed (rms) 189-91
theoretical 193, 196-7, 201, 205
thermals 128, 148
turbulence
as model for convection 13-14, 157-8,
168-9
drag due to 195-6, 202
dynamics of 127-8
in Earth’s atmosphere 29, 37 -8, 72, 94,
135
mixing-length model of 154-6
structure of 128, 134~5
‘turbulent elements’, attempts to identify
granules as 13-15

umbral dots, See sunspots

velocity, large-scale field in upper photo-
sphere, see supergranulation
velocity 57-64, 77-85,190-1
correlation with continuum brightness
12-13, 58-60, 82-5
extension into upper photosphere 57-8,
64,79-82, 85,94, 190-1
first spectroscopic observations 12,18,
58
magnitude, observed 12, 62, 64, 190-1
magnitude, theoretical 196-7, 200-1,
204, 208
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pattern 61 periodicity 78
rms 79-82,190 separation from granular motions 64,
spatial resolution of spectral measure- 78-81
ments 12,19, 23, 67 visibility near limb, see extension into upper
see also statistical properties photosphere, limb appearance

velocity, oscillatory motions in upper
photosphere 25, 64, 78-9, 80-2
as cause of supergranulation? 215

dependence on height 79-80 weighting functions, see radiative transfer
discovery 78 theory

nature of 78 Wien’s law 75, 103

no effect on granules 223 ‘willow-leaf” pattern 2, 3, 18
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