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1. Airglow Research during IGY and IGC 1959

DuriNGg the two and a half year period of the IGY-IGC (July 1957 through
December 1959), systematic observations of the night airglow were conducted on an
international basis. In this volume, the accumulated data have been assembled.

The use of the English word “airglow” was first suggested by C. T. Elvey [1] to
designate “‘the light other than the polar aurora, emitted by the upper atmosphere.”
In the older literature, the general term ‘‘non-polar aurora” was frequently used.
Some authors have preferred the expression “light of the night sky” (la lumiére du
ctel nocturne) to include all the non-auroral nocturnal optical radiations: integrated
starlight, zodiacal light, galactic light, night airglow, and scattered light from all
these components.

This volume does not include the day airglow (dayglow) or the twilight glow.
Because of the strong competition from the scattered light from the earth’s lower
atmosphere the dayglow can be observed only from very high altitudes (for example,
from balloons) or possibly during total eclipses. The twilight glow has been studied
by several observers, but there was no systematic international program during
IGY-IGC.

The international airglow program was coordinated under the auspices of the
Aurora-Airglow Panel of the CSAGI (Comité Spéciale de 1’Année Géophysique
Internationale) with Professor S. Chapman as reporter. The decisions governing
the publication of this volume were made at two meetings in Paris in May 1959 and
July 1960.*

2. The General Nature of the Book

THE bulk of the book is a series of tables of hourly values of the absolute zenith
intensity of the airglow, arranged according to station and wavelength. The numeri-
cal results from the several observers were put on punched cards to facilitate machine
printing and statistical studies. The local times are given at the top of each page,
and the universal times at the bottom. The year, month and day of the observations
are shown in the first three columns. The convention was adopted of using the date
corresponding to the evening. Thus, the entire night of 1/2 July 1957 is entered as
1 July 1957 with the understanding that the date changed to 2 July at local midnight.
One of the difficulties of airglow observation is the inhibiting influence of either
moonlight or clouds. Approximately half of each month is lost because of moonlight,
and clouds interfere with a significant part of the darker half. The result is that, of
the 914 days of the IGY-IGC, the maximum number of nights of observation from a

single station is 512 (Tamanrasset).
* Note by 8. CHAPMAN: Owing to my duties as President of CSAGI, as auroral reporter,

1 asked F. E. Roacs to act as airglow reporter at the various planning meetings for the airglow
Program; and later, the airglow panel of CSAGI invited him to edit this volume of airglow observations.



3. The Unit of Absolute Intensity. Calibrations

THE preparation of this volume and the coordination of the international program
was much facilitated by the voluntary adoption by all the participants of a single
unit of intensity. The rayleigh, R, has been defined as follows [2]: if the surface
brightness, B, is measured in units of 10® quanta cm—2 sec-! steradian—!, then the
intensity in rayleighs is 47B. In some cases, authors have referred to this unit as
megaquanta cm—? (column) sec—1.

The rayleigh unit is directly applicable to specific monochromatic emissions.
In the case of a spectroscopic continuum, it is convenient to use the quantity:
rayleighs/angstrom (R/A) or rayleighs per 100 Angstroms.

Each observer was responsible for the calibration of his photometer. The most
widely used technique was to employ, as standard light sources, stars of known
magnitude and color. Many observers maintained instrumental constancy by
frequent checks against a fluorescent surface activated by radioactive material.
Of some concern is the fact that fluorescent material has, in general, a temperature
coefficient. Also, interference filters have been found to be temperature sensitive
in their wavelength transmission properties.

An intercalibration program for the radiation 5577 was performed by carrying
a portable photometer from Fritz Peak to (1) The Haute Provence Observatory,
(2) the Crimean Observatory near Simferopol, (3) Mount Abu (India), (4) Camden
(Australia), and (5) Kakioka and Maruyama (Japan). The photometer used at Thule
was calibrated against the one at Fritz Peak; those at Tamanrasset, Lwiro,
Ondrejov, Lomnicky-Stit, and Mirnyj against the photometer at Haute Provence.
The Ondrejov, Lomnicky-Stit, and Mirnyj photometers were also calibrated against
the photometer in the Crimea. The seven photometers in the Japanese chain were
carefully intercalibrated.

It is the editor’s judgment that the following limits are conservative for the case
of 55717.

(1) Internal consistency for a given station during a given night: + 2 per cent.

(2) Consistency for a given station over an extended period: quite variable from
station to station depending on the care with which periodic checks were made
In the best cases: -+ 5 per cent.

(3) Interstation consistency: 4 10 per cent. It might be better for chains such
as Haute Provence-Tamanrasset—Lwiro and the seven Japanese stations. It might
be worse in cases involving an isolated station not periodically checked against a
standard. .

The absolute accuracy of the calibrations for colors other than 5577 must be
assumed to be poorer than above. The internal consistency may be as good as
indicated in (1) and (2), but the interstation consistency is probably insufficient to
justify any attempt at detailed synoptic studies on the basis of the present volume.



4. Spectroscopic Components of the Airglow

TasLE 1 gives a compilation of the upper atmosphere emissions included in the
rograms of one or more of the observing stations involved in the IGY-IGC program.
The OH bands are of importance both because of their intrinsic interest and
pecause of the fact that they may contaminate observations with broad filters.
In Table 2 is a listing of the OH bands, together with the predicted intensities
according to CHAMBERLAIN and SmrTH {3]. The reader may profitably refer to Table
9.1 in the book by J. W. CHAMBERLAIN (Physics of the Aurora and Airglow, Academic
Press, 1961) for the wavelengths of rotational lines in individual OH bands. In
Table 13.1 of the same book relative intensities of OH rotational lines are listed
which may be used in conjunction with the intensities in Table 2 to give absolute
rotational line intensities.

5. List of Active Stations and Observers

In Table 3 is shown the list of stations which have contributed to the IGY-IGC
airglow program together with the names of the observers responsible for the
individual data. Geographic coordinates are given, and the stations are listed
according to geographic latitude from north to south. Geomagnetic and magnetic
latitudes are also listed.

The magnetic dip latitude, ¢,, is computed from the magnetic dip, i, by the
formula:

tan ¢, = 1/2 tan i.

B = intensity of the magnetic field in gauss

I = magnetic invariant

M.
I=f V(1 —B/By).ds
M

where M and M* are the conjugate mirror points in the two hemispheres, By, is
the magnetic field strength at the mirror point and the integration is along the paths.

L = the so-called shell parameter, which is analogous to the equatorial radius
of a magnetic shell in a dipole field (see McILwaIN [6]).

6. The Tables of Data

THE principal tables have been paged with three numbers indicating successively:
(1) color (5577 = 1, 5893 = 2, 6300 = 3, 5300 = 4, 6050 = 5, OH = 6); (2) station;
(3) page within grouping. Thus, 1-05-2 refers to 5577, Ondrejov and the second
page in the particular grouping.

The unit used in the tables is zenith intensity in rayleighs (defined in section 3).
. In the case of 5300 the quantity is rayleighs per 100 Angstroms.



7. Instruments and Procedures

MosT of the observations have been made with photometers having interference
type filters for the partial isolation of particular upper atmosphere emissions. The
degree of isolation depends on the effective width of the filter as.illustrated in
Table 5. To obtain 90 per cent purity of signal requires a filter which transmits
perfectly the emission line (5577 in the example) and only 10 Angstroms of continuum.
Such discriminating filters are not easily available. In general, filters used in airglow
photometers have effective widths lying between 50 A and 100 A (referred to 100 per
cent transmission for the emission line).

Two methods have been employed to eliminate the contamination due to the
starlight, zodiacal light and airglow continuum, one instrumental and one analytical.

The instrumental procedure consists in the use of a birefringent filter. Discrete
emission features are modulated by a rotating element in the filter whereas the
continuous features are not so modulated. Tuned detectors respond only to the
modulated signal from the emission and ignore the unmodulated signal from
the starlight, zodiacal light, and airglow continuum. Such photometers were used at
Fritz Peak, Rapid City, Sacramento Peak, Huancayo, and Camden.

An important property of such birefringent photometers is that they do not
respond to stars with their approximately continuous spectrum. It is possible to
operate them effectively during full moonlight to within a few degrees of the moon
itself. They do not respond to any laboratory source of a spectroscopically con-
tinuous nature. This spectroscopic selectivity makes it difficult to maintain
systematic absolute calibration checks. Thus, although the individual readings
are uncontaminated, it is necessary to employ some auxiliary photometer for the
absolute calibration. At the Fritz Peak station a system of nightly absolute cali-
brations was adopted in which photometers employing the so-called two-color
method were utilized.

The two-color method which was widely used during the IGY-IGC was introduced
by Bamsier and RoacH [4]. Two photometers are employed, one of which is
approximately centered on a particular emission line, the second of which avoids
the line. If the two filters have the same effective total transmission and if the sum
of the starlight, zodiacal light and airglow continuum is the same in the two spectral
regions, then a direct subtraction of the control filter reading from the emission
filter reading gives the pure emission. The photometers used by the Japanese
observers employed matched filters so that the control filter reading became the
zero for the emission filter reading.

In general, the integrated transmissions of the two filters are unequal. Hence,
empirical correction factors have to be determined to accomplish analytically what
the Japanese observers did by physical matching of filters.

It is difficult to evaluate the relative merits of the two methods—the birefringent
filter photometer versus the two-color method. For the simple zenith observations
reported in this book it is probable that the two methods are of comparable accuracy.
The birefringent photometer is especially efficient for observations over the entire
sky. For such observations the two-color differential method is cumbersome.



One of the problems in the use of the two-color method is the occasional
occurrence of negative intensiti'es. This can result from errors of calibration or from
gignificant distortion of the radiation through the two filters during twilight or dawn.
If. for example, & 5300 control filter is used in conjunction with a 5577 emission
ﬁl'ter the former may, during twilight (or dawn) become systematically brighter
than the latter (due to the A-% law of atmospheric scattering). Obviously, the two-
color method should not be employed under such conditions.

The characteristics of the filters used by many of the observers are listed in
Table 6. The parameters are indicated in Figure 1. A useful figure of merit is the

quantity W/Tem. 00—
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T
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8. A Statistical Study of the Intensities of 5577

The large quantity of material in the principal tables invites an examination of
the statistical distribution of the intensities. The most extensive coverage is for
5577. In Table 7 we show the upper and lower deciles, upper and lower quartiles and
the medians for each station and for the ensemble. A separate listing in Table 8 offers
a comparison between (a) the distribution of 5577A intensities in the ensemble of
stations of this volume which may be classified as “airglow’, stations, and (b)
Mirnyj, Thule and College (Alaska) which, because of their location with respect to
the auroral zone, will have the 5577A distribution strongly affected by the occurrence
of the polar aurora.



Table 1.

Airgiow Emissions

Wavelength Code No. Origin Transition Remarks
5577 1 Atomie Oxygen 1D, « 1§,
5890-5896 2 Atomie Sodium 2812« *Pysa,usa
6300-6364 3 Atomic Oxygen 5P, « 1D,
52005300 4 —_ — Control for 2-color
photometry
6050-6100 5 — — Control for 2-color
photometry
Several 6 OH vi=292_8,1, .1 The rotation-vibration
(see Table 2) v'=8,176, .0 bands of OH extend
from 4:3 microns to
3816 A
Table 2. OH Bands in the Airglow
Predicted emission Predicted emission
i in rayleighs _ in rayleighs
Ao(AIR)A vi-v (Chamberlain Ao(AIR)A M (Chamberiain
and Smith?) and Smith?)
3,816-6 9-0 0-023 10,8277 5-2 12,000
4,172-9 8-0 0-12 11,432-8 6-3 15,000
4,418-8 9-1 0-73 12,115-4 -4 17,000
4,640-6 7-0 0-71 12,898-4 8-5 16,000
4,903-5 8-1 38 13,8167 9-6 13,000
5,201-4 9-2 11-0 14,3359 2-0 46,000
5,273-3 6-0 4-4 15,046-6 3-1 74,000
5.562-2 7-1 22 15.823-7 4-2 88,000
5,886-3 8-2 57 16,681-9 5-3 90,000
6,168-6 5-0 33 17,6422 64 82,
6,256-0 9-3 110 18,733-8 7-5 71,000
6,496-5 6-1 130 19,997-3 8-6 54,000
6,861-7 7-2 310 21,496-3 9-7 37,000
7,274-5 8-3 520 28,006-7 1-0 920,000
7,521-6 4-0 280 29,369-2 2-1 820,000
7,748-3 9-4 710 30,853-9 3-2 640,000
7,911-0 5-1 930 32,482-9 4-3 490,000
8,341-7 6-2 1,800 34,293-6 54 360,000
8,824-1 7-3 2,800 36,3339 6-5 260,000
9,373-0 84 3,400 38,674-2 7-6 180,000
9,788-0 3-0 3,100 41,408-6 8-7 110,000
10,010-1 9-5 3,600 44,702-5 9-8 65,000
10,273-3 4-1 7,600
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Greenland

76°33"
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88°.1

0-51

240
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J. MacWherter
Donald Smart
John W. Hubin
Frank Pavlica, Jr.
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G. P, Sozin
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C
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F. Link

L. Neuzil
1. Zacharov
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Czechoslovakia)
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2-90
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2534

E. Volesky
J. Koutsky
K. Scheinpflug

-

Co30

Simferopol

U.S.8.R.

44°50"

34°04'E

41°-2

42°-5

2-06

173

580

K. K. Chuvaev
A. L Oljakova

w©

B245

Rapid City

U.S.A.

44° 02°

103°03° W

53°1

57°

0-52

1250

J. E. Cruz
Norman A. Shyne
William B. May
Howard L. Yegar
Michael M. Hays

B247

Haute Provence

France

43°55°

5°43' B

45°.8

41°

0-40

2-06

1-75

880

D. Barbier
Rene Mollet
Jean Marsan
Annette Mollet

10

€034

Memambetsu

Japan

43°55"

144°12’ E

34°-0

37°-8

044

1-69

1-58

39

M. Nagamine

11

Co71

Abastumani

U.8.8.R.

41°45°

30°50’ E

36°7

38°-7

0-41

1-63

1-68

1700

L. M. Fishkova
G. V. Markova

12

B300

Fritz Peak

U.S.A.

39°54°

105°29° W

48°-7

51°1

0:50

386

2-35
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F. E. Roach
L. R. Megill
M. H. Rees
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A. M. Sandoval

13
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Japan
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M. Okuda
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Niigata

Japan
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27°-4
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1-08

1-36

830

T. Hikosaka
B. Saito
K. Yano

15

C147

Kakioka

Japan

36°14"

140°11'E

280

30°

0-41

1-32

28

N. Fukushima
T. Tohmatsu

16

C187

Gifa

Japan

35°27"

137°02' E

25°-0

29°-9

0-42

0-91

129

82

N. Oti
T. Ichikawa

C182

Maruyama

Japan

35°01°

139°68’' E

24°-8

29°

0-41

0-87

1-28

33

M. Huruhata
H. Tanabe
T. Nakamura

C193

Shodo-Jima

Japan

34°33’

134°16’ E

23°-9

29°-3

042

0-85

1-27

30

R. Onaka
M. Nakamura

c223

Aso

Japan

32°53’

131°01' E

22°-0

28°

041

0-74

1-22

567

M. Goto
M. Yasuhara

20

C228

Sacramento Peak|

US.A.

32°43°

106°45° W

41°-6

41°-7

0-47

2-13

1-80

2750

E. Manring
H. Pettit

21

E512

Mount Abu

India

24°36"

72°43'E

15°5

20°-6

0-40

0-34

1-07

1200

B. 8. Dandekar

22

C273

Tamanrasset

Sahara

22°48°

5°31'E

25°4

14°-9

0-32

0-23

1-09

1400

D. Barbier
Michel Hovine
Paulette Charvet

23

E539

Poona

India

18°31”

73°52' E

9°-3

12°7

0-37

013

1-00

566

P. V. Kulkarni
M. W. Chiplonker
V. A, Jere

R. D. Walimbe
S. G. Khairatkar
P. D. Kadam

24

E741

h

Z

City

Philippi

6°54"

122°04' E

—4o4

—0-65°

0-35

0-02

0-97

25

E624

Lwiro

Congo

—2°16’

28°49' E

—3°8

—16°1

0-29

0-12

1.07

1750

Delphine Delsemme

26

E646

Huancayo

Peru

—12°03"

75°20' W

—0°6

1°3

0-26

0-03

1-08

3476

M. Casaverde R.
Federico del Castillo
Mario Cardenas

27

C953

Camden

Australia

—34°04°

150°38’ E

—42°6

—45°7

0-52

2-71

191

90

R. A. Duncan

28

A978

Mirnyj

Antarctic

—66°33"

93°E

-~77°

—64°-8

0-54

53

2018

A. Mrkos




Table 4.

Index of Tables of Intensities

Number of pages
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Table 5

Item

Intensity in
Rayleighs Per
Angstrom

10 Angstrom
Filter

50 Angstrom
Filter

100 Angstrom
Filter

Intensity | Per cent

Intensity

Per cent

Intensity

Per cent

Mean Integrated Starlight
Mean Zodiacal Light
Airglow Continuum

8577 Airglow

— D
coom

10
10
250 9

— st
S én

25
50
50
250

13
13
67

50
100
100
250

10
20
20
50

Total

275 100

100

100




Table 6

Station
Tmax Tem Amax Aem w W(Tem
No. Abb.
02 LOP 0-216 0-204 6280 6300-64 41:7 204-4
0-297 0-276 5555 5577 45-9 166-3
0-342 — 5270 —_ 583 1943
0217 0-216 5905 5894 301 139-4
03 ZVE 0-323 0-293 5880 5894 38-9 1328
0-272 0-182 5542 5577 40-6 223-1
0-257 0-155 6262 630064 369 238-}
0-360 — 5275 — 47-2 157-3
05 OND 0-377 — 5382 — 40-4 —
0-335 0-322 5584 5577 40-2 124-8
0-231 0-146 5932 5893 308 210-9
0-240 — 6105 — 262 —
0-318 0113 6358 630064 445 3939
08 LOS | 0362 — 5354 — 431 —
0-392 0-390 5580 5577 43-4 111-3
0-395 0159 5950 5893 49-7 3124
0-377 —_ 6090 — 27-9 —
0-223 0-182 6320 630064 19-1 105:1
0-472 0-314 6415 630064 182-4 580-8
07 SIM 0-356 — 5305 — 356 101-1
0-372 0-356 5590 5577 40-8 1146
0270 0-224 5905 5894 260 116:1
0-304 0-228 6325 6300-64 366 160-5
1 ABA 0-374 — 5272 — 532 170-5
0-386 0373 5572 5577 41-9 112-3
0-264 0-264 5894 5894 24-7 936
0-356 0-310 6325 630064 476 1535
21 ABU — — 5300 — 152 —_
— — — 6300-64 140 -
23 00 0-202 0-201 5582 5577 437 217-4
0-098 — 5267 — 20-7 217-9
27 CAM 0-488 0-485 5579 5577 15-1 311
Table. 7. Statistical Distribution of 5577 (except Thule and Mirnyj)
| Intensity in Rayleighs
Number | _ B
Station = bﬂﬁfﬂ 5 { L ia i :
Lons OWer war 3 | H r L)
Decile Quartile Mg Quartile Dotile
— -
g 126 180 230 310 425 | BBl
3 424 125 200 250 372 470
4 42 162 183 214 306 416
5 696 | 173 239 335 | 450 582
6 42 152 196 242 | 335 510
7 544 185 230 205 370 445
B 7 145 | 195 , 270 aTs 450
5 2,200 205 24 360 480 G005
10 17 102 176 | 262 3/ | 495
11 485 215 _ 265 | a52 4405 850
12 1,329 185 ' 252 55 485 520
13 1,170 152 185 245 325 £30
4 946 | 160 215 280 | 366 405
15 1,505 120 155 2185 | 280 245
18 612 1 a5 135 200 | 280 ouE
17 819 | 152 105 252 | 328 4325
19 470 128 [ 165 [ 235 16 450
0 1252 150 200 279 411 G4
21 1,127 165 ! 220 209 370 400
& 2,750 95 128 | 170 220 270
23 158 254 208 a7l 450 500
24 5 130 [ 153 I 150 23y) 242
25 427 | 103 160 235 325 420
26 375 177 230 | 280 | 37H | 460
27 1,984 . 8 I 124 173 241 358
] | |
Aw | 21,08 128 : 176 | 254 360 490




Table 8. Statistical Distribution of 5577

Number Intensity in Rayleighs
Station of
Observations Lower Lower .
Decile Quartile | Modian | UPPEL DEhe
Airglow (All) 21,088 128 176
iy, % 105 300 00 | a0 1,050
Thule (6) 9,732 380 490 630 812 1,120
College (5) 3,968 740 1,290 2,400 6,020 11:500
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