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Index

6/m 2/m 2/m, 97, 115, 116

5° halo, 188, 189
9° arcs, 132

column, 166, 170–176
Parry, 179, 180
plate, 145, 147–150, 152–158, 184, 

190
9° halo, 68, 70–72, 74, 83, 121, 172, 188, 

190
12° halo, 189
18° arcs, 132

column, 166–173, 175, 176, 223
plate, 145–155, 158, 160, 161, 187, 222

18° halo, 68, 70–74, 83, 87, 88, 121
20° arcs

column, 166–172, 175, 176
plate, 145, 150, 152–155

20° halo, 68, 70–72, 83, 89, 117, 121, 
148, 188, 190

22° arcs, 130–132
column, 55, 130, 131, 148, 171–176, 

196
Lowitz, 62, 130, 131
Parry, 57, 130, 131
plate, 51, 53, 130, 131, 145, 152, 

153, 156, 162, 190, 196
22° halo, 1–3, 7, 70–72, 75–77, 79, 

81–85

explained by Galle, 114
explained by Huygens, 22
explained by Mariotte, 24

23° arcs
column, 171
plate, 41, 146–152, 154, 155, 

158–160, 187, 190, 197
versus Parry, 158, 159

23° halo, 68, 70–74, 83, 87, 88, 146, 147
24° arcs

column, 169–176
plate, 150, 152–158, 190

24° halo, 68, 70–72, 83
28° halo, 186, 187
35° arcs

column, 167–171, 176
plate, 150, 152, 154, 155

35° halo, 70–73, 83, 121, 123, 155
46° arcs, 131

column, 55, 131, 196
Lowitz, 62, 131
Parry, 57, 61, 131, 139–143, 196

poles of, 139–141
plate, 51, 53, 131, 145, 150, 152, 196

46° halo, 2, 27, 71, 72, 83
explained by Huygens, 22

77° halo, 83
120° parhelion, 37, 52, 53
{1 0 ¡ 1}, see crystal faces
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A

a, 93–95
a-axes, 94–97, 99
α, see wedge angle(s)
αmax, see wedge angle(s), maximum
angle x, vii, 91–93, 96, 214–218

for first order faces, 98, 99
for second order faces, 98, 99
from Miller indices, 98, 99, 214, 215
gives wedge angles, 91–93
the search for, 113–127

angle x', 101, 102, 106
anthelic arc, 55, 57, 61, 197
anthelic point, 54, 56
atmospheric refraction, 86, 206

B

Barnes, William Howard, 67
basal faces, see crystal faces
beryl, 100, 115, 214, 216
Besson, Louis, 119–124, 155, 218
Bottlinger’s rings, 192
Boyer, Carl, 21
Bravais, Auguste, 29, 54, 66, 98, 

115–119, 193, 218
Bravais’ law, 26, 211
Brewster, David, 116
bullet crystals, 15, 66, 67, 102, 124
Burney’s halo, 117, 120, 121

C

c, 93–95
c-axis, 94–97, 99
c/a, 67, 91

of Barnes, 95, 98
of Bravais, 116

Cavendish, Henry, 27
central vee, 78, 79, 81
circular halos, 63, 70–89

light point diagram of, 79
circumhorizon arc, 52–54, 141, 196

from Parry orientations, 57
circumzenith arc, 4–7, 52–54, 196

explained by Galle, 27
explained by Huygens, 22
formation of, 34–37

from Parry orientations, 57
light point diagram of, 39, 40
ray path, 34

Clarke, Edward Daniel, 66, 115, 116
column arcs, 52

9°, 18°, 20°..., see 9°, 18°, 20°... 
column arcs

as rotated plate arcs, 52, 54
from prismatic crystals, 55
in halo classification, 131
odd radius, 165–177

column crystal, 6, 13, 14
column orientation, 6, 52, 133, 134

depiction on sphere, 44, 45
for pyramidal crystal, 165
in halo classification, 131

contact arc, 135
contact points of, see contact points
dependence on poles, 167

contact circle, 221–223, 225
contact point(s), 219–225

of contact arc, 167–173, 176, 223
of non-contact arc, 142, 143, 

221–223, 225
Cowley, Les, 158
criterion for contact, 221, 223–225
criterion for lattice plane, 213
crossed plate, 17, 111, 184, 186
crystal axis, 6
crystal faces

{1 0 ¡ 1}, 67, 70–72, 96–98, 113, 123, 
125, 145, 165

basal, 6, 52, 66, 72
first order, 97–99, 119, 122
numbering of, 52, 72
prism, 6, 52, 66, 72
pyramid(al), 65–67, 72, 96, 97, 101, 

102, 125
second order, 97–99, 119, 122

crystallographic form, 97
crystal orientation

column, see column orientation
depiction on sphere, 44, 45
Lowitz, see Lowitz orientation
Parry, see Parry orientation
plate, see plate orientation
random, see random orientation
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crystal tilt, 8, 42, 45
cubeoctahedral, 186
cubic ice, 186

D

Du, 140–143, 149, 150, 167, 220–225
Danzig display, 192
∆max, 75, 76, 79
∆min, 75–77, 79, 81, 84

as halo classifier, 131, 132
dependence on α, 76
dependence on diffraction, 86, 87
dependence on sun size, 81, 82
dependence on T and P, 82, 83
dependence on x, 119–121
for red and yellow light, 83
for standard pyramid crystal, 72
ray path for, 79, 81, 220

Dennison, D. M., 122
Descartes, René, 21, 22, 25
deviation, 23, 75, 77–81
diffraction, 86, 87
diffuse arcs, 55
dipyramid, 97, 115, 116, 120, 216–218
Dobrowolski, A. B., 117
doubly odd radius, 186, 187, 189
dual basis, 93, 211, 212, 215

E

Eu, 220, 224, 225, 
elliptical halos, 191, 192
ESEM, 9

F

faces, see crystal faces
Feuillée, Louis, 121
Feuillée’s halo, 117, 118, 120, 121, 123
form, see crystallographic form

G

Galle, G., 27, 114, 115
Galle’s halo, 27
Gassendi, Petrus, 187
Goldie, E. C. W., 124
Greenler, Robert, 48, 193

H

halo associations, 155, 158
halo point, 34–40, 45–50, 75, 78, 79, 

219, 223–225
halo pole(s), 137–143

from spin vector, 137–140, 162
gives contact arc, 167
gives contact points, 142, 143, 

167–170, 221–223
gives non-contact arc, 140–143
of 46° Parry arcs, 140, 141
of 9° Parry arcs, 179, 180
of odd radius column arcs, 166–170
of odd radius plate arcs, 149, 150, 

152
halo radius (inner), see ∆min

halo radius (outer), see ∆max

Hamilton, William R., 41
Hastings arc, 57, 59
Hattinga Verschure, Peter-Paul, 175
Heiden’s halo, 117–119
helic arc, 57, 59. 61, 197

light point diagram of, 61
odd radius, 151, 152

helic point, 54, 56
Héricart de Thury, 124
Hermann–Maugin symbol, 97, 115
Hevel’s halo, 117, 123, 192, 193
Hevelius, Johannes, 192, 193
Higuchi, Keiji, 125
Hooke, Robert, 25
Humphreys, W. J., 119, 122, 123, 126, 

154, 155, 217
Huygens, Christiaan, 22–29, 54

I

inclination angle, see angle x
infralateral arc, 7, 55, 196

column analogue of circumzenith 
arc, 54

Itoo, K., 125

K

ku, 220, 221, 223–225
Kepler, Johannes, 25, 113
Kobayashi, Teisaku, 125
Können, Gunther P., 3, 137, 202
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L

Lascar display, 186, 187
lattice, 93, 94, 115, 116, 211

basis, 93, 94, 211, 214, 215
plane, 93, 95, 97, 211–214

spacing, 211, 213, 214, 216–218
point, 93, 94, 115

law of reflection, 38–41
law of refraction, 38–41, 78
light point, 33–35, 38–41, 50, 78, 81, 

219
revised, 38

light point diagram, 40, 41
for circular halo, 79
for circumzenith arc, 40
for helic arc, 61
for subanthelic arc, 61
for subsun, 39
for upper suncave Parry arc, 60
for upper sunvex Parry arc, 60

lower tangent arc, 5, 27, 31, 54, 155
Lowitz, Tobias, 63
Lowitz arcs, 62, 63, 130, 135, 137
Lowitz orientation, 52, 62, 63, 130, 134, 

135
in halo classification, 131

low symmetry, 115, 116, 211

M

M-arc, 184–186
MacCullagh, James, 41
Mariotte, Edme, 24–28, 65, 66, 114
Martens, Frederick, 25
maximum deviation, see ∆max

Meaden, G. T., 124
Miller indices, 95–100, 212–214

dependence on basis, 214
give angle x, 98, 99, 214, 215
likely, 95, 214–218

minimum deviation, see ∆min

N

n, see refractive index
Neiman, Paul J., 67, 172
Nettis, John, 25
Nickles, Jon, 184

non-contact arc, 135, 137, 149, 179
contact point of, see contact points
dependence on pole, see halo pole
terminology for, 142

Nordenskjöld, A. E., 124
normal plane, 79
normal vee or vee, 78–81

O

odd radius, vii, 2, 65
circular halos, 67, 68, 70–89
column arcs, 165–177
Parry arcs, 179–181
plate arcs, 145–164

Ohtake, Takeshi, 125
oriented column, 6
oriented plate, 6

P

P, see spin vector 
Pu, see halo pole
parhelic circle, 7, 21, 37, 40, 53, 55, 57
parhelion, 4–7, 36, 37, 52, 196

44°/46°, 193, 194
explained by Huygens, 22, 23
explained by Mariotte, 24
polarization of, 201
pole of, 140, 150
ray path, 36, 38, 130

parhelion flares, 190, 191
Parry arcs, 56–61

9°, 22°, 46°..., see 9°, 22°, 46°...
Parry arcs

in halo classification, 131
odd radius, 179–181

Parry orientation, 52, 56, 133, 134
in halo classification, 131

plate arcs, 51, 52
9°, 18°, 20°..., see 9°, 18°, 20°...plate 

arcs
from prismatic crystals, 53
in halo classification, 131
odd radius, 145–164

plate crystal, 6, 11, 12
plate orientation, 6, 51, 52, 133, 134

depiction on sphere, 44, 45
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for pyramidal crystals, 145
in halo classification, 131

polarization, 158, 200–202
pole, see halo pole
polycrystal, 183, 184, 186
preferentially oriented, 129–131
prism faces, see crystal faces
pyramid(al) crystal, 65–69, 71, 77, 

101–111
face numbering of, 72
of Bravais, 116, 117
of Galle, 114
of Mariotte, 114
of Venturi, 114
standard, 96

pyramid(al) faces, see crystal faces

R

random orientation, 6
depiction on sphere, 44, 45
in halo classification, 131

Rankin’s halo, 120, 121
Rational Tangents Principle, 118, 119, 

121, 215
ray path(s)

for arcs from Lowitz orientations, 62
for arcs from Parry orientations, 57
for circular halos, 72
for circumzenith arc, 34, 35
for column arcs, 55
for minimum deviation, 81, 220
for parhelion, 36
for plate arcs, 37, 53
numbering of, 37
sorting of, 45–48

rectilinear
approximation, 208, 210
lens, 208

refraction halos, 129–132, 196, 197
refractive index, 38–41

dependence on color, 83
dependence on T and P, 82
of ice, 40, 76, 82

rhombohedral crystal, 66, 113, 115–118. 
124

Riikonen, Marko, 63, 160, 175, 186, 187, 
200

S

Scheiner, Christopher, 187
Scheiner’s halo, 117, 118, 187
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subparhelic circle, 37, 52
subparhelion, 37, 52
subsun, 38–40

light point diagram of, 39
Sullivan, Daniel, 186
suncave, 142, 143
sun point, 35, 38–40, 219, 220, 223
sunvex, 142, 143
supralateral arc, 7, 55, 196

column analogue of circumhorizon 
arc, 54

symmetric arc, 140, 142
symmetry of ice, 67, 93, 113, 115, 116, 

211

T

tangent arc, 4–7, 21, 27, 31, 52, 55, 155, 
196

explained by Huygens, 22, 26, 29
explained by Wegener, 42, 43, 52, 54



238	 A T M O S P H E R I C  H A L O S 

Tricker, R. A. R., 67, 124, 175
Tricker arc, 61, 197
Turner and Radke, 67

U

upper tangent arc, 5, 54, 148, 155, 160, 
174

V

van Buijsen’s halo, 120, 121
vee, see normal vee
Venturi, Giambatista, 24, 114
Virta, Leena, 186
Visser, S. W., 116, 123, 124, 218

W

wedge, 72, 75–79, 81, 119, 120, 130, 219
in standard orientation, 138

wedge angle(s), 71, 72, 75–77, 91, 130
as halo classifier, 130, 131
computed by Bravais, 117
dependence on x, 91–93
for 22° halo, 76
for hexagonal prism, 77
for standard pyramid crystal, 72
from Miller indices, 98–100
gives ∆max, 79
gives ∆min, 76
maximum, 76, 77, 81
other, 183–194

Wegener, Alfred, 29, 42, 43, 48, 52, 54
Wegener arc, 7, 21, 54, 55, 193

Weickmann, Helmut, 1, 2, 67, 71, 125
Whalley, E., 187
White, R., 124
Wilke, Johann Carl, 25

X

x, see angle x
X-ray diffraction, 67, 116

Y

Young, Thomas, 24, 27

Z

zenith locus, 220–225
zenith point, 219–225


	Preface
	Introduction
	Ice Crystal Gallery
	The Beginnings of Halo Science
	How Halos Form
	Halo Simulations
	Halos From Prismatic Crystals
	Odd Radius Halos Are Real
	Odd Radius Circular Halos
	Some Crystallography
	Pyramidal Ice Crystals
	The Search For Angle x
	Refraction Halos and Wedge Angle
	The Spin Vector
	A User’s Guide To Halo Poles
	Odd Radius Plate Arcs
	Odd Radius Column Arcs
	Odd Radius Parry Arcs
	Other Wedge Angles?
	appendix A
	Pattern for Crystal Model

	Appendix B
	Halo Terminology

	Appendix C
	Halo Observation and Photography

	Appendix D
	From Pixels to Degrees

	Appendix E
	More Crystallography

	appendix F
	Living on the (w)Edge

	Bibliography
	Index



