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airglow studies because at an elevation of 3080 meters above 
sea level it is generally above the cumulus clouds suppressed 
by the trade wind inversion and enjoys an exceptionally trans- - 

e 2 from artiTicial lights, 
parent abosphere [see Steiger and Little, 19582, well away 

The zenith observations at 300 kin 
correspond to a dip latitude of 19*N and at 80' from the zenith 
in the South the photometer reaches about 1000 km towards the 

&Latitude Observations of Airplow 

Walter R. Steiger 

I Introduction 

The low latitude observations of airglow to be discussed 
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two-color method 
absolute integrated enission rates in rayleighs. 
fringent photometer observations at the zenith are calibrated 
by comparison with the zenith photometer. 
light source is periodically calibrated against a secondary 
standard carbon filauent lamp. IJe estimate an absolute error 
of *20 rayleighs at most in our  results. 

[Roach and Meinel, 19551 then leads to 
The bire- 

The carbon 14 

I1 The Nature of the Phenomena 

In this section we shall discuss the temporal and spatial 
variations of the emissions studied. 

A. Diurnal variations. In figure 1 is shown an example 
of the variation of the three emissions during a particular 
night. 
a classic example of the completely independent variations 
among the three lines. The average diurnal variations, shown 
in figures 2, 3, and 4 for the years 1962 to 1965, show that, 
in general terns, the 5577A emission reaches a m a x i m u m  during 
the night, the 6300A emission is a maximum at the begining of 
the night but decreases rapidly and levels off at a fairly low 
level for the remainder of the night, and the 58938 emission 
(as we shall refer to the Na doublet) has no significant diurnal 
variation. We also note that the 5577A and 6300A emissions 
seem to show a decline towards the minimum of the solar cycle, 
1963, and a rise thereafter. 
significant variations from year to year. 

Figure 5 illustrates that the diurnal variation can differ 
dramatically from the "typicalf1 or average behavior. This is 
a classic example o f  6300A tropieal enhancements with covariant 
55778 enhancements. 
quite independently of the other two. 
variations of these enhancements and their physical interpretation 
constitute some of the most fascinating and perplexing problems 
of the tropical airglow. 
length later on. 

'Ithis is not necessarily a Ittypicalt1 night but it is 

The 58938 emission shows no 

Bote that again the 5893A emission behaves 
The temporal and spacial. 

These shall be discussed at greater 
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In figures 12, 13, and 14 are presented the monthly- 
diurnal variations of the south-to-north ratios of the emis- 
sions of the three wavelengths. In the case of the 5577A and 
58938 emissions there seems to be a w e a k  summer maximum in the 
north, but aside from this effect it is difficult to describe 
any systematic pattern to these variations. For this reason 
o n l y  one or two of these p l o t s  have been shown. The 63008 
emission, however, shows quite a clear-cut pattern and variation 
from year t o  year, A consistent feature is the summertime 
maximum in the north in the evening hours before midnight. 
Spring and autumn maxima in the south are features that appear 
to alter during the solar cycle, diminishing from 1961 to 1964 
and apparently beginning to rise again in 1965. 
of 1963 is a notable departure from this pattern. 
ratios observed here may be related to the high level of solar 
activity and magnetic disturbance that occurred during September 
a d  October. 

possible to obtain 8 rather detailed nap of the entire sky dorm 
to a zenith angle of 80°. 
such a map is available every 15 minutes, as explained earlier. 

in aziuuth at each zenith angle and from the local zenith 
intensities deduced for  each one of  these 81 points, an isosphote 
nap is produced. The maps are plotted so as to have a uniform 
scale of distance along any radius, assuming a height of '500 kn 
for 6300A, 100 lan for 5577A,and 85 km for 58938. These naps 
are useful f o r  studying the detailed spacial variation of  the 
airglow, 
September 11/12, 1961, as used earlier in figure 5. 
of such maps for the night of SeptemSer 11/12 give a detailed 
picture of the morphology of the three enhancements which 
occurred on this night. :#e find that these enhancements do 
not extend over the entire sky but in fact are rather limited 
in area, having a diameter of roughly 500 lan or SO. Also, they 
do not necessarily occur at the zenith but generally, though 
not &ways, to the south of Haleakdla. T h i s  accounts for the 
peaks in the south-north ratio seen in figure 13. A careful 
analysis [Peterson et al., 19661 of two such nights has shown 

The autumn 
The large 

?&om the observation of the scanning photometer it is 

For any one of the three wavelengths 

These are normally obtained by reading the records every 22 1 /20 

In figure 15(a) is a single nap for the sane night, 
A series 



direction 
a gradual motion of tne enhacement pattern in a south-easterly 
at a speed ofnabout 200 h/hr.  

are frequently accomganied by similar variations in the 5577A 
emission. 
where the 6300A structure has been quite closely duplicated in 
the 5577A structure. A n  example of such a situation is shown 
in figure 15(b) which is a map of the 5577A observed emission 
reduced and plotted as though it were entirely at a height of 
300 km. 
a height of 100 lrrn with the remainder originating at the sane 
height as the 6300A emission and hence showing a similar pattern. 

There have been a nunber of occasions when the structure 
in the 6300A airglow has been so precipitous that much of its 

1 detail is lost when reading the records only every 22 / 2 0  in 
azimuth, as is customary. On a few of these we have re-read 
the records at smaller intervals so as to show the photometric 
peaks and valleys as observed. A n  example of such structure 
is shown in figure 16. 
with a much enhanced emission and is generally in the form of 
narrow, parallel ridges o r  fingers running approximately north- 
south. 

as noted in the figure, is no doubt a31 observational. distortion 
caused by the fact that the bright regions are at a significantly 
lower altitude than the fainter regions, as we shall discuss a 
little later. Hence, they will tend to appear further away 
t W  they actually are when they are plotted as though they were 
at 300 km. Since the south ends of the fingers are brighter 
and hence lower than the north ends, their locations will be 
more distorted than the north ends, resulting in the converging 
appearance. 

significant structure and, in fact, a great many show a rather 
uniform emission over the sky with often a gradual. gradient 
towards the south, 
or-less straight and parallel isophotes. 
[Steiger et at,, 1966) that during the hours from 22 hrs to 
03 hrs, during which we are free from twilight effects, a large 

It was me2ioned earlier that the 6300A tropical enhancements 

T h i s  has a l s o  been seen in the maps of enhancements 

Perhaps 100 rayleighs or so actually originates from 

Such structure is always associated 

The tendency of the fingers to converge towards the meridian, 

Actually, the majority of isophote maps do not show any 

These naps have the appearance of more- 
It has been found 



majority o f  those 6300A naps on s i i c h  the isophotes are aligned 
show a preferred direction of alisyzert such that the gradient 
of the radiance is anti-parallel to the horizontal component of 
the earth's magnetic field. T h i s  again suggests some sort o f  
magnetic control in the fornation of  the 6300A emission. 

111 Relationships with the Ionosphere 

The relationship of the 6300s emission to the P-region 
ionosphere was proposed by Earbier in terns of a semi-eapirical 
formula now lmown to all in the field simply as llBarbier's 
Equation1!, which is 

h'F - 200 
Q = A + B(f,r?2)2 e- H . 

Here Q is the 6300A integrated emission rate, f o P 2  is the F- 
region critical frequency in IJI hertz (the square of this 
quantity is proportional to the electron number density at the 
F2 peak), hlF is the v i r t u a l  height in km of the base of the 
F region, and H is the molecular scale height at 200 km and is 
about 40 b. 
from comparison with observed 6300A emissions. 
cance of B has been interpreted theoretically by Peterson, 
Van Zandt, and Norton [1966] in terns of ion exchange-dissoci- 
ative recombination reactions. But the constant A does not 
come out of the theory and is not yet fully understood. It 
has been suggested by Peterson and Steiger (19663 that it may 
be due to contamination of OE emissions entering the optical 
system. 
undiscovered, may be producing a 6300A emission. For any given 
night, constants -4 and B can be found such that this formula 
gives a surprisingly good fit to the observations, as seen in 
figure 17. 

are generated at lower altitudes than fainter region- 3 can now 
be understood in terms of the Barbier equation. 
to htF exponentially but to foP2 quadratically. 
that foF2 usually varies by a factor of less than 2 during an 

The constants A and B are determined enpirically 
The signifi- 

It is a l s o  possible that some other mechanism, as yet 

The basis of the earlier statement that the brighter regions 

Q is related 
It tu rns  out 
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erfnancenent, but the height nzy change by 100 h or more, 
resulting in a factor of 10 or more change in Q. Thus, Q 
is iaore sensitive to htP than foF2  and, as a first approximation, 
large changes in observed Q c m  be associated with large changes 
in the height of the emission. It follows then that, at times 
when the 6300A emission is enhanced and highly structured, the 
I?-region ionosphere will present a "corrugated" bottom side. 
T h i s  is borne out in the ionogram for the night of September 
11/12, 1961, shown in fi,c;ure 18. The oblique and spread re- 
flections f rom these corrugations makes the ionogrm extremely 
difficult to interpret, Indeed, before the establishment of 
this airglow-ionosphere relationship, the interpretation vas 
impossible in any detailed way. 

variation in the behaviour of the 6300.A emission, Unfortunately 
our observations started in 1961 when solar activity was rapidly 
declining towards the mininun, and it w i l l  be several years yet 
until the next maximum, However, with the aid o f  Barbier's 
equation and a catalogue of ionospheric data, it is possible 
to go back in time and estimate what the 6300A emission night 
have been. T h i s  has been done by Walter Brown of this obser- 
vatory and the results =e shown in figure 19, According to 
these calculations the general level of 6300A emission should 
reach a very large peak at solar naxhum. 

Earlier we suggested the possibility of a solar-cycle 
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Figure 1, Var i a t ions  of the 5577-'-, 63008, and 58938 emissions 

Figure 2. Average d i u r n a l v a r i e t i o n s  o f  55778 emission f o r  

Figure 3. Average d i r n d l  v a r i a t i o n s  o f  6300A emission f o r  

P igme 4. Average diurnal v a r i a t i o n s  o f  5893A emission f o r  

Figure 5. Var i a t ions  o f  the 5577A, 6300A, and 589314 emissions 

F igure  6. Lionthly-diurnal v a r i a t i o n  of  55778 emission f o r  

F igu re  7. I i o n t h l y - d i m &  v a r i a t i o n  of  63GOA e n i s s i o n  f o r  

Figure 8. Iionthly-diurnal v a r i a t i o n  o f  58938 e ~ s s i o n  f o r  

Figure 9. M o n t h l y - d i m a l  v a r i a t i o n  o f  5577A e n i s s i o n  f o r  

Figure 10, Monthly-diurnal v a r i a t i o n  of  6300ri emission f o r  

P igu re  11, Nonthly-diurnal v a r i a t i o n  o f  58938 emission f o r  

Figure 12. Monthly-diurnal v a r i a t i o n  o f  5577A South-to-Xorth 

F igure  13. Nonthly-diurnal v a r i a t i o n  o f  6300A South-t o-lTorth 

during the night oI" Septe -...-;r 5/6, 1961. 

the years 1962 t o  1955. 

the years 1962 t o  1965. 

the years 1962 t o  1965. 

during the night of September 11/12, 1961. 

1961-62 ( a f t e r  Smith and (hien, 1966) 

1961-62 (after S a t n  and Gwen, i%6) 

1961-62 (after Snith and Oven, 1966) 

1964-65 . 
1964-65 . 
1964-65 . 
r a t i o  at 75" zenith angle. (a)  1962 ( b )  1965. 

r a t i o  a t  75" z e n i t h  angle. (a) 1961; (b) 1962; 
(c) 1963; ( d )  1964; ( e )  1965. 

Nonthly-diurnal v a r i a t i o n  o f  5893A South-to-Uorth 
r a t i o  at  75" z e n i t h  angle. 1965. 

Isophote  naps  f o r  the  night of September 11/12, 
1961; (a )  6300A; (b )  5577A. 

6300A Isophote  map for September 21, 1963, showing 
highly s t r u c t w e d  arc. 

6300A diurnal v a r i a t i o n s  on t h r e e  nights showing 
the observed i n t e n s i t i e s  and those  calculated by the 
Barbier  equat ion  (after Barbier,  Roach, and S t e i g e r  
119627 

Figure 14, 

Figure 15. 

Figure 16. 

Figure 17, 



Figure 18. M a x i  ionogrm f o r  Se;-kaber 11, 1961, correspond- 

Figure 19. 
ing closely i n  t i m e  t o  f i g n e  15. 

calculated by the Barbier equation f rom Xaui 
ionospheric data. 

Monthly-diurnal variations of  6300A emission as 


