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§ 1. Introductory Remarks.

The observations dealt with in this paper
were carried out at Oslo and Tromsg from 1943
to 1952.

As regards aurorae this paper merely deals
with some spectrograms, which were taken at
Oslo from 1945—49 with a small glass spectro-
graph (C) (cfr. paper 16) of great light pewer,
and which are reproduced on pl. VI and dealt
with in chapter 2.

Most of the auroral material obtained during
this period has already been treated and published
in previous papers (1, 2, 3, 4, 5, 11).

The twilight observations consist essentially
of series of spectrograms taken in accordance
with Vegard’s method on the determination of
height and extension of the sodium layer mainly
responsible for the great intensity of the yellow
D-doublet in twilight (ref. 6 and 10). Thus the
present paper is to be regarded as a continuation
of previous papers, dealing with similar series of
twilight observations started by Vegard at Oslo
and Tromsg 1939. The results from Oslo up to
the spring 1943 and from Tromsg up to 1946 were
given in papers Nos. 6 to 11.

The present paper deals with observations
at Oslo from 1943 to the spring 1949 and obser-
vations at Tromsg taken during the year 1952.
The twilight spectrograms are reproduced on the
plates I—V, and necessary data given in the
explanation to the plates.

The Oslo Spectrograms (Pl. I—IV) were
taken with spectrograph (C) (cfr. 8). Spectrograms
(Pl. V) were taken at Tromsg with a new large

Cojan spectrograph «Forcalquier» (F) from Societé
Générale d’Optique, Paris, having the high light
power (F :0.65) (cfr. papers 18 and 12).

Chapter 1.
§ 2. Vegard’s Twilight Method.

Vegard's method for the determination of
the height and extension of the sodium layer
mainly responsible for the enh of the
yellow sodium line in twilight, has been dealt
with in a number of previous papers (ref. Nos.
6,7,8,09, 10, 11).

Recently Bricard and Kastler (12) raised
objections to the Vegard method, but — as we
are going to show — they are due to misinterpre-
tations and are in fact directed upon a method
which is not to be identified with that adopted
by Vegard and collaborators.

R. Bernard observing at the Auroral Ob-
servatory, Tromsg, found that the yellow sodium
line appeared with great intensity in twilight!.
Following the effect as the twilight gradually
faded, he found that the intensity of the sodium
D-line kept nearly constant until it fairly abrupt-
ly dropped to a value of a lower order of magni-
tude.

The time 7 at which this takes place is most
essential for the study of the sodium distribution
in the atmosphere and the excitation of the sodium
D-line in twilight. It does not fix a point of time
when the D-intensity has become zero, but, as shown

1) Twilight spectrograms showing the same effect
were obtained by Vegard and Tensberg at Tromsg Feb.
1936. (14)
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in previous papers, it is to be fixed by means of
the final fall of the time intensity curve (cfr. papers
7, 8).

For the sake of convenience, however, we
call 1t the «time of disappearance» of the twilight
D-emission.

Such a velation between intensity and time
means that the predominent part of the sodium D-
line emussion in twilight is vestvicted to a layer
below a certain altitude H, and that the sodium
radiation is excited by sunlight of some sort.

The height H, is related to the «time of
disappearance» 7 by the condition that the effec-
tive shadow passes the height H, in the direction
of observation at the time of disappearance.

This holds independent of the dirvection in
which we examine the fading of the twilight and
the D-emission in order lo determine the lime v. The
absolute D-intensity will increase with increasing
zenith distance of the collimator of our instru-
ment, but still the time 7 determined in the way
described, will give the time when the shadow
border passes the height H,.

In 1938 Vegard proposed to study the dis-
tribution of the atmospheric sodium layer mainly
responsible for the twilight D-line emission by
observing during the same evening two sets of
intensity-time curves as the twilight phenomenon
passed across the sky from east to west. This
gives two values of the time = corresponding to
different directions. For the sake of convenience
and simplicity of treatment, one series of obser-
vations was taken towards zenith and one near
the horizon in the azimuth plane of the sun. This
selection of directions is not essential to the me-
thod and it is therefore not right as done by Bricard
and Kastler to call it the «enith-horizon» method.
The general case of two arbitrary directions has
been treated by Kvifte (15) who has also discussed
the influence on the results of possible errors of ob-
servations corresponding to the different ways in
which the two directions are chosen.

Observations were commenced at Oslo and
Tromsg at the beginning of 1939.

On the assumption that the effective shadow
was cast by the solid earth, Bernhard (13) found
H, equal to about 60 km, which would mean that
the twilight sodium D-emission should be mainly
restricted to a layer below 60 km.

Assuming that the surface of the earth gives
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the effective shadow, it was found that the zenith
observations resulting in the «time of disappear-
anse» 7, gave a considerably smaller value of H,
than the time 7,, derived from the observations
from near the horizon.

Now there 1s no reason to believe that H,
always varies in such a way in the short time
between the two series of observations. The only
reasonable interpretation of this fact is that H,
remains essentially the same, and that the effec-
tive exciting solar radiation is absorbed by the
lower layer of the atmosphere up to a height H,.

This means that the shadow of the effec-
tive solar radiation is cast by a sphere of radius
(R +H,) where R is the radius of the earth. H
is called the screening height.

This interpretation, however, does not in-
volve that the absorption of the effective rays
suddenly stops at a definite height H;, but on
account of the probably rapid fall of concentra-
tion of the absorbing substance with increasing
height, the thickness of the layer between prac-
tically total absorption and total transparency, is
probably small as compared with the screening
height H..

The value we obtain for H,, for given values
of 7, and 7, is a function of the screen height H,
and the value of H, increases with increase of H,,
but more rapidly at zenith than near the horizon,
and the true values of H, and H, are found by
the condition that the true screening height gives
the same value of H, for both directions of obser-
vation.

The results from the Oslo observations
giving the values of H, and H, in this way, were
first published in a letter to Nature (6). A more
complete account of the observations at Oslo and
Tromsg, taken during the spring 1939, was given
in a paper by Vegard and Tgnsberg (7). These
first values of H, and H, were found by means
of a partly graphical method. In a later publi-
cation by Vegard and Kvifte (8), we developed
suitable formulae for direct calculations of H,
and H,.

In a letter to Nature, Vegard (10) announced
a procedure for estimating the thickness of the
sodium layer mainly responsible for the strong
sodium emission in twilight. This method is based
on the following simple interpretation of the time-
intensity curve of the D-emission.
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During the time the D-line intensity keeps
nearly constant, the whole sodium layer is illu-
minated by the active solar rays. At the moment,
when the intensity begins to drop, the shadow
of the screening sphere (R + H,) just touches the
lower part of the sodium layer at a height H,,
and passes away from the layer at the time v and
a height H,. The thickness 4 H, = H, — H, was
calculated from the zenith observations, which
were chosen because zenith observations give the
simpler formula for calculation.

The values of 4 H, given in Nature were
denived from Oslo spectrograms from 1942—43
(20 zenith series) and varied between 8.4 and
27.6 km, with a mean of 16.2. Values of 4 H,,
from Tromsg observations were given in a paper
by Vegard, Tgnsberg and Kvifte (16). A series
from 1942 gave a mean value of 30 km and those
from 1943 gave 25 km.

As already mentioned, the screening must
take place in a certain height interval 4 H =
(H,), — (H,), where (H), is the height where notice-
able absorption of the effective solar radiation sets
in and (H,),, the height where approximately total
absorption sets in. The existence of an interval
of partial absorption will have the effect of redu-
cing the thickness of the sodium layer when it is
calculated in the way described. (Cf. Kvifte 20).
The thickness found in the way proposed by Vegard
should thus give an upper limit of the thickness.

As the absorbing matter decreases very
rapidly with increasing height, calculations carried
out on the assumption of a sharp screening surface
ought to give a fairly good approximation, and
we have merely to consider the screening height
H, as a kind of effective mean value within a
fairly small interval 4 H,.

§ 3. The Formulae for Calculating H,, H, and
and 4 H, = H, — H, in accordance with
the Vegard Method.

The first system of formulae for calculating
H, and H, were given in the paper by Vegard
and Kvifte already referred to (8). In his general
treatment of the Vegard method, Kvifte (15)
developed formulae for calculating H, and H, for
two arbitrary directions of observation, and spe-
cializing these for one direction towards zenith
and one in the sun’s azimuth plane and at an
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elevation angle (a), the formulae take the follow-
ing form which was adopted in paper (16) already
referred to.

Cos @

=R (EBs — ﬁ,’?ﬁ;)) -

H,—R ( cosucosﬂ,ﬁ) 1

H

cos (@ — By + By

B, and B, are the depression angles of the sun
for the zenith and «horizon» observations respec-
tively, and they are found from the points of
time of «disapperance» of the twilight sodium
effect 7, and 7, by the following formula:

— sin B = sin & sin ¢ - cos & cos g cos ¢ (2)

@ is geographical latitude, 6 the sun’s declination.
# is the hour angle of the sun at the moment v
(G.M.T.) and is found by the equation:

—15@c+4—12) + 4 3

A is the longitude (E.Gr.) of the spot of obser-
vation and 4 the time equation taken from «The
Nautical Almanac».

According to Vegard, an upper hmit of the
thickness 4 H,, of the sodium layer is found from
the eqation:

AH, = (R+H,) cos gcosdtg By, sec fysind 49 (4)

where 4@ is the time difference (r,—7,) (in
angular measure) where 7, is the point of time
when the time-intensity curve starts falling some-
what rapidly, and v, is the so-called «time of dis-
appearance» of the twilight sodium D-line effect.

The equations 1—4 will be used by the de-
duction of results from the twilight spectrograms
dealt with in this paper.

§ 4. Discussion of the Method.

The problem of determining the distribution
of sodium in the atmosphere is a very complex
one. By the emission of the sodium D-line, we
have to deal with three different types of excita-
tation processes. The emission which we observe
during twilight is produced by some effective
parts of the sunlight and originates mainly from
the lower part of the sodium layer. A second
emission appears in the night sky-luminescence
and is excited by atmospheric systems, which have
drawn their activating energy from the solar radi-
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ation on the day side of the carth. This emission
originates from minute quantities of sodium pre-
sent at altitudes up to several hundred kilometers.

Finally, the sodium D-line appears in the
auroral luminescence (ref. 7, 17, 18, 19, 8) and
is excited by corpuscular solar radiation mainly
entering the atmosphere during the night. In this
case the sodium light is emitted from a layer stari-
ing from the lower border of the auroral streamers
usually at altitudes from 80—170 km, and wpwards
untl the sodium gradually vawishes.

The object of the Vegard method is to give
information regarding the sodium distribution
from the D-line emission which is produced by
sunlight and which originates from the entire
atmospheric sodium layer from a lower level H, to
the extreme upper limit, where the sodium gradu-
ally disappears at altitudes of some hundred km.

Any method of determining the sodium dis-
tribution from the excitation by sunlight, must
be based on the observation of the way in which
the D-emission varies, when during twilight the
sodium layer is gradually screened more and more
from the effective solar radiation; in other words
on the observation of the time-intensity curve of
the D-emission in twilight.

Now, as previously mentioned, the form of
the time-intensity curve shows that the dominating
part of the atmospheric sodium is to be found
below a certain altitude H,, which is clearly in-
dicated by the fact that the intensity falls to a
value which is of a lower order of magnitude as
compared with the maximum intensity.

When the shadow of the screening sphere
just covers the sodium below H,, the sodium layer
above H, — covering a height interval of several
hundred km — is still under the influence of the
effective solar radiation. But still the total effect
of the D-emission from the extensive layer is prac-
tically negligible as compared with the maximum
intensity of the D-line during twilight. Now the
Vegard method postulates that we can determine
the height H,, which is experimentally defined
by the time-intensity curve by neglecting this
small intensity which is left when the shadow-
line has passed the height H,.

This only means that we neglect effects of a
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less sky without haziness. It is further important
that the tunlight time-intensity curve near the zero
pownt is mot disturbed by sodium D-line-emissions
due 1o the other types of excitation. The D-line
emission from the ordinary night glow is very weak
as compared with the maximum intensity during
twilight, and as it usually keeps fairly constant,
it will not have any serious influence on the
determination of the «time of disappearance» 7.

The aurorae, however, which often are rela-
tively strong and variable may have a great
disturbing influence on the time-intensity curve,
and prevent a reliable determination of the «ime
of disappearance». The aurora may even come down
below the height H,, where the sodium concentra-
tion rapidly increases downwards, and the D-inten-
sity of aurorae may be of the same order of magni-
tude as that of twilight.

When taking the observational series to be
used for determining the sodium distribution by
the Vegard method, we must avoid the presence of
aurorae, which will be marked by the appearance
of the green and red OI lines 5577, 6300 and
6364 on the spectrograms.

At Oslo where the auroral frequency is
small there will be good opportunities for getting
observational series free from auroral sodium
emission.

At Tromsg, however, the auroral freqency is
so great, that is it only on rare occasions that the
two successive series of spectrograms can be taken
without being disturbed by auroral luminescence.
As a rule the auroral frequency in the evening
increases with time, and the disturbing influence
will as a rule be greater for the horizon.

Under favourable conditions the declining
part of the time-intensity curve — for both the
zenith and horizon series — is sufficiently straight
to fix the moment 7 by an approximately linear ex-
trapolation to intersection with the time axis.

In order to see how far the results might be
influenced by neglecting the small D-intensity
above the altitude H,, we might express the inten-
sities relative to the maximum for the z- and the
h-series, and instead of extrapolating to the time
axis (I = o), we might determine the moments
7} and 7,! by the points of intersection between

smaller order of itude than those i
By applying this method it is essential to
have good weather conditions with a clear cloud-

the declining part of the ti ity curve and
a line situated at a distance (4 I) from the axis,
where the (4 I) is the intensity left after the rapid
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fall of the intensity curve. This procedure might
e.g., be useful, if the twilight spectrograms indi-
cate the presence of faint auroral luminescence.

As already stated, the moments 7z will —
independent of the elevation angle of the instru-
ment — indicate the moment when the shadow
line just passes the height H,. The absolute in-
tensity of the D-line is a function of the zenith
distance Z of the direction of the collimator, and
as Z is constant for the same series of obser-
vations, all intensities of the series are increased
in the same proportion and the greater intensity will
not influence the position of the zeropoint v.

Thus the Vegard method is based on the
fact that the moments 7, and 7, fix an approximate
upper limit H,, which is supposed to keep constant
during the time (of about 1 hour) which it takes
to observe the intensity variation in the zenith
direction near the horizon.

The critique by Bricard and Kastler (12)is, on
the other hand, based on essentially different
assumptions. They regard the small D-line inten-
sity (I,) left by the zenith observations at the
time 7, when the shadow line cuts the vertical
line at a certain height H,. Then they calculate the
intensity (I5) above the height H,, where the new
line of observation cuts the shadow line for a
zenith distance Z at the time 7,. By assuming
that the times 7 are fixed by the disappearance
of the D-line on the photographic plate of the
twilight spectral series, they put up the condition:

I, —I,—E G

where E is the intensity threshold value of the
photographic plate. From condition (5) and cer-
tain idealized assumptions on the sodium distri-
bution and atmospheric conditions, they mean to
show that the Vegard method gives systematic-
ally too high values for H, and H,.

This conclusion is, however, not justified.
Condition (5) has mo connection with the Vegard
method because it is based on wrong assumptions
regarding the disappearance times 7. As previously
mentioned, 7, and 7, are actually fixed by extra-
polation from intensity-time curves and are fotally
independent of any absolute intensives, the threshold
plate value included.

‘We might point out that the formulae (1)
—(4), which result from the Vegard method, do
not contain any intensity quantities, but merely
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measurable angles and the points of time 7, and
7;, which are directly derived from observed facts,
and no definite law with regard to the distribution
of sodium with altitude is used.

Kuvifte (20) has recently discussed condition
(5) in greater detail. He has computed the inten-
sity integrals by taking into account scattered
light and atmospheric extinction which were
neglected by Bricard and Kastler. By further taking
into account the available experimental data, he
finds that condition (5) does not lead to any
definite conclusions regarding the correctness of
the values of H, and H, found by the Vegard
method.

The Vegard method is still to be regarded as
the only one which enable us by twiligt observa-
tions to determine some essential features regarding
the way in which the predominant part of sodium
is distributed in the atmosphere below the height
H , and to fix approximately the effective screening
height which again gives information of the
effective solar radiation. The sodium distribution
above H, must be studied by other methods e.g.,
by utilizing the knowledge gained from the aurorae
and the air glow luminescence.

It is of course not essential for the appli-
cation of the Vegard method that the time-inten-
sity curve is determined by means of spectrograms.
An instrument which could indicate the instant-
aneous value of the intensity would naturally
have advantages.

The spectrographic method gives only mean
values over the time of exposure, but in a pre-
vious paper (8) we have described procedures for
calculating the time fairly accurately from series
of spectrograms.

§ 5. The Height Measurements at Oslo.
a. Zenith-horizon Series.

During the years from 1943 to 1949 obser-
vations were carried out successfully on 38 nights
at Oslo. The spectral series needed for the deter-
mination of 7, and 7, were taken with a prism
spectrograph (C). It has an Astro Camera lens
F :0.95 with focal length f=7.5cm, and is
installed in a wooden case with a thermostate.
The horizontal slit of the spectrograph was kept
fairly wide and the same for all series. A picture
of the sky could be cast on the slit by means of
a lens, thus ensuring a good definition of the
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Table 1.
Values of H,, H, and 4 H, Derived from Twilight Observations at Oslo
Zenith | Honizon H H, 4t |4H,
Date S :
7, (MET) B,° | 7, (MET) By° P km km min | km
229. 43 2001 1288 | 105
7.1043 18.36 8.47 19.11 12.84 | 105 37.8 108.4
Mean 1943 8.47 12.86 | 105 (38.2) (109.0)
378 108.4
24144 ... 17 16 8.05 17.51 1217 | 105 374 101.1
5.3.46 . 1853 8.28 19.29 1267 | 105 416 109.0 18] 35
1430, 19.12 7.93 19.47 1225 | 10.5 45.0 106.9 16| 31
17.3.» 19.20 791 19.56 1230 | 105 474 109.0 17| 33
213.» 1935 8.47 16| 31
22309 | 20m 1247 | 105
23.3.0 19.38 5 830 | 2013 1238 | 10.5 323 100.0 16| 30
Mean 1946 [ 8.18 1241 | 105 (38 5) (104.2)
41.6 106.2 32
81148 ...... 7.97 17.42 1210 | 107 40.5 1031 1] 2
1L11.» 8.10 17.38 1228 | 10.7 40.0 1045 1] 2
22110 .. 8.00 17.23 1250 | 10.0 446 107.6 13 23
Mean 1948 8.02 1229 | 105 (42.2) (105.4)
417 105.1 21
24.1.49 17.17 8.00 17.52.5 1210 | 107 39.3 102.2 18| 32
o 17.32.5 7.87 18.10.5 1247 | 107 56.2 17.1 19) 35
18.26.5 8.30 19 37
18.34 8.23 1908.5 1258 | 107 42.9 109.6 18| 36
18.41.5 8.29 19.16 12.60 10.7 40.7 108.3 17 3+
18.44 5 8.36 19.20 1279 | 107 43.1 112.0 14| 28
1847 8.38 19.22 1274 | 107 407 109.9 12 24
18.50.5 8.30 19.27.5 1270 | 107 46.2 114.1 1] 22
19.06 8.37 19.41.5 1272|107 40.7 109.6 13| 26
1924 8.34 20.01 1279 | 107 44.1 1126 18| 34
19.27.5 8.47 20.05 1294 | 107 426 132 16| 31
19.37 8.38 2015 1290 | 107 45.5 114.7 16| 30
19.43.5 8.21 20.20 1243 | 107 394 105.7 15| 28
19.54 8.50 20.34 13.05 | 107 4.5 1156 15| 27
19.56.5 8.53 20.36.5 1296 | 10.7 404 112.0 18] 33
19.58 8.37 20.38 1283 | 107 439 1129 17| 31
20.00 816 20.41.5 1271 | 107 50.0 1156 14| 25
20.04 845 20.44.5 1287 | 107 414 1117 18| 32
20.10.5 8.00 20.51.5 1233 | 107 46.0 109.0 12| 21
21.19.5 7.95 2219 1233 | 107 482 1104 16| 21
21.26.5 7.97 22.28 1230 | 107 464 109.0 16| 21
21.38.5 7.83 2248 1217 | 107 48.9 1093 16| 19
21.46.5 7.93 23.04 | 12.30 | 107 48.2 110.2 17| 20
02.37 8.05 01.21.5 1225 | 107 414 105.1 18| 20
21.50.5 7.92 23.08 1217 | 107 44.9 106.6 185 21
. 02.34 8.08 01.12 1230 | 10.7 41.5 105.7 16| 18
Mean 1949 8.20 1257 | 107 (44.0) (110.1)
44.3 110.5 27
Total Mean 433 109.2 28
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direction of observation. The elevation angle («)
of the collimator-field lens axis could be read to
within 1/10%,

The types of plates used were Agfa ISS and
Ilford H.P.3. sensitized with N or pre illumi-
nated. A set of neon spectra, in time-ratios of
2, was photographed on each plate. The neon lamp
was in all cases kept at a fixed distance from the
slit so that the set of spectra could serve the
double purpose of giving the intensity-density
curve of the plate, and of forming a basis for
comparison of the D-line intensities on the dif-
ferent plates.

Reproductions of the twilight spectra are
shown on plates I to IV at the end of the paper.
Each evening (night) has been given a separate
number, and the series from one evening have
been devided in a zenith group (Z) and a «hori-
zontaly group (H). On Plate IV are shown some
qll night» series taken in May 1949. These series
will be discussed separately.

The results obtained from the main material
are contained in table 1. The times for the end
of the enhanced twilight sodium light are given
by 7 in columns 2 and 4, the corresponding solar
depressions by # in column 3 and 5. a is the
elevation angle of the collimator axis in the hori-
zontal series.

The height H, of the atmospheric screen,
and the (approximate) upper limit of the sodium
layer, H,, given in the columns 7 and 8, have
only been computed when both evening series
have been sufficiently complete and undisturbed
for the determination of 7, and 7.

The time difference 4 ¢ (column 9), used in eq.
(4) to find the thickness 4 H of the sodium layer
(column 10) has been estimated from the time-
intensity curve for the zenith direction of obser-
vation.

The table is divided by horizontal lines in
four groups, each containing the result obtained
in a comparatively narrow time interval (1 to 4)
months). For each group are given the mean
values of 8, and f,, the heights #, and H, com-
puted from these means (given in brackets), and
the means of the H, and H, computed for separate
days.

1t will be noticed that the values of H, and
H, in brackets in some cases differ from those

standing below them. This is meant to illustrate
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how the introduction of mcomplete sets of obser-
vations in the material, may give different and
presumably more incorrect values for the com-
puted heights (cfr. paper 15). The differences,
however, are never great.

The mean values of H, and H, given here,
agree well with previous results obtained by the
same method.

Table 2.

Semi-annual Means of H,and H, from Oslo during the
years 1939 to 1949.

Year i A
! | I

1939t S . 5 | w06 | 4| s |7
19422 A . 152 | 1057 6| 33 27
19432 S . 422 103.9 14 64 48
19432 A . 378 | 1084 1
1944 S 374 101.1 1
1946 S 416 ‘ 106.2 4] 66| 43
1948 A . 417 | 1051 | 25| 23
1949 S 443 | 1105 | 25| 40| 37
Mean A 422 | 1058 | 10
Mean S . s34 | 1076 | 48
Total Mean 432 | 1073 | s8] 5 |5

1 From Vegard & Tansberg (7) (cfr. (11)).
s Trom Vegard & Kvifte (8).

In table 2 are collected all the results ob-
tained at Oslo during the 10 years from 1939 to
1949. The values of H, and H, given in the 2nd
and 3rd column, are semi-annual means (S =
spring, 4 = autumn in column 1) computed from
the number of observations, #, given in the 4th
column.

The two last columns contain the «oot-
mean-square» (cquation 6) of the series of data
on which the means in column 2 and 3 are founded

1 =
o= ST (H—H) ©)
=1

H is the arithmetical mean of the individual (x)
heights H,.

The total means of H, and H,, 43,2 km and
107,3 km respectively, are given in the last row
of the table, The Student’s test (20. 27) applied
to the data in this row, shows that there is a
probability of 0.999 for finding the true values
of H, and H, within 3 km of the total means given.
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All the semi-annual values of H, and H, in
the table are within these limits. There is there-
fore in this material no indication of either an
annual or a seasonal variation of H, and H,.

The material does, on the other hand,

justify the following conclusions:
At the latitude of Oslo (¢ 72 60° N) between 40
and 45 km of the lower atmosphere is effective in
screening out the solar light which excites the
sodium light during twilight. The main part of
the sodium atoms, radiating in twilight, 1s con-
tained 1 a layer with an upper border situated
somewhere between 105 and 110 km above the
surface af the earth. The thickness of the layer
may vary, but is approximately 30 km (cf. table
1, last row and column).

b. All-mght Series.

The conclusions we have drawn are strongly
supported by some series of observations taken
in May 1949. On the night of May 11 to 12 a
series of 11 spectra was taken in the way that
the collimator axis of the spectrograph followed
the azimuth plane of the sun through an angle ot
20° on both sides of local midnight. The elevation
angle of the collimator axis was a = 10.7°. A
reproduction of the series is shown in plate IV
No. 36. A similar series was taken on May 22 to

23, this time with an elevation « = 30.7°. (PL
1V, no. 37 H; and H,). The maximum solar
depression i.e., at local midnight, on these two
nights was 12°.05 and 9°.57 respectively. In none
of these cases did the sodium lines disappear.
This can be seen on the reproductions (pl. IV)
and better still on figure 1, where the intensity
(1) of the sodium lines for the two nights has
been plotted in arbitrary scale against the time
(M.E.T.). At local midnight the sodium lines have
still an appreciable intensity. It can therefore
with certainty be concluded that the twilight
sodium light does not disappear in the directions
a = 10.7° and a = 30.7°, if the solar depression
is not greater than 12°.05 and 9°.57 respectively.
These angles are in other words minimum values
of B, to be inserted in the formulae (1).

On the night May 22nd to 23rd were also
taken zenith observations before and after the
horizontal series (pl. No. 37, Z; and Z,). The
sodium lines are rather weak on these spectro-
grams, being barely visible on the 3 first of the
evening spectrograms and the 3 last of the mor-
ning ones. By a liberal estimate the time of
disappearance in the evening and reappearance
time in the morning have been fixed as the middle
of the exposure intervals of the 4th of the Z,
spectra and the 2nd of the Z,, spectra. The solar
depressions corresponding to these two points of
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time, 8.02° and 8.03° respectively, then should be
maximuue values of B, for this night.

The procedure was repeated a week later
(May 30 to 31, pl. IV, no. 38) by a one hour
series around local midnight. The maximum f,
-values was found to be 8.00° The data given
are collected in table 3.

‘lable 3.

Mimimum Values of Hy and H, Derived from Twilight
Observations in May 1949.

8.00Max. »

at Remarks on Remarks 1:’1:“
ate| @ | T g .
Sodium light, on §
| | | | H, Hy
1142 107 | Lo [visble | 12,08 Min value)
3031/ 90 |23 44- Disappeared |
|

i 100 44 |

—
2 ‘ 00 |2ss ‘Dlsappeared s.oz}
2223 30.7 | LM. Visible 957| Min. »
23|90 |01 31 |Disappeared| 8.03

L M. = Local Midnight.

‘When it is now borne in mind that an in-
crease of #, and a decrease of §, in the formula
(1) both will give a lower value of H, and H,, it
will be understood that when a maximum value
of f; is combined with a minimum value of f,,
the heights obtained are minimum values. Appli-
cations of the data found above on the night May
22nd to231d, yields H, = 40 km and H, = 103 km.
Combination of f, from May 30th — 31st with 8,
from May 11th to 12th, yields H, = 35 km and H,,
= 98 km. The latter results are not so reliable
as the former ones, because data from different
nights have been combined. The results, how-
ever, agree well, and they show that the screening
height, H,, of the lower atmosphere at Oslo cannot
be less than 35 to 40 km, and the «upper limity,
H,, of the sodium layer not lower than say 100
km above the surface of the earth.

§ 6. The Tromso Observations.

The observations from The Auroral Obser-
vatory, Tromsg, were carried out during the
spring and autumn of 1952, with a new spectro-~
graph «Forcalquim of great light power F :0.65
from Societé Générale d’ Optique (For descrip-
tion of the spectrograph, see e.g. (21) and (22)
With this spectrograph it was possible to cut
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down the exposure intervals to 2—4 minutes
during the twilight hours and obtain the sodium
D-line mainly due to air glow and aurora with
measurable density in 10 20 minutes. Observations
were carried out on 16 nights. In 5 cases, however,
cither the zenith or the horizontal series were too
heavily influenced by aurorac and have therefore
been rejected.

The results of the remaining 11 series arc
given in table 4 and reproductions of some of
them are shown on plate V. It is seen from plate
V that the auroral line usually appears with
considerable intensity which indicates that the
fall of the time-intensity curve of the sodium line
may be disturbed by auroral excitation.

As mentioned in § 4 of this paper, the
«disappearance time», v ,may be fixed by extra-
polation of the twilight D-line intensity curve to
intersection either (1) with the line at the height
(4 I) representing the rest intensity above H,, or
as usual with the time axis (2). Both procedures
have been followed here, and the results are
given in table 4. For each evening two rows of
results are given corresponding to the procedures
(1) and (2). The values, found for H, according to
the two alternatives, differ slightly. The differ-
ences have a random distribution and are usually
not greater than should be expected from an
estimate of the precision of the method. The total
means of H, of alternative (1) and (2) differ only
by 0.7 km. Thus the two procedures of fixing the
disappearance time 7, give practically the same
value for the screening height H,. One must
therefore lude that the ext proce-
dure (alternative 2) used in earlier investigations
gives fully reliable vesulls, and that the critique
raised against the method on this ground (Bricard
and Kastler (12)) is not justified.

The upper limit, H,, appear to be 3—5 km
greater for alternative (2) than for (1). This is
what should be expected. The disappearance of
the twilight sodium line as defined in the latter
case must take place earlier in the evening than
in the former case (see table 4). Since now, as
just shown, H, in both cases 1s the same, this
implies that H,, according to alternative (1) refers
to a lower wpper limity than does H, in alter-
native 2. This small difference is, however, of
little physical importance when we remember that

H, is not an exact upper limit for the sodium

pol.
P
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Table 4.
Values of H, H, Derived from Twilight Observations at Lromsg in 1952,
Date | _ Zenith i Hornzon! o H, km
7 (MET) | | B
1. 19.53.0 865 ‘ 20260 ] 11.05 \ 104.1
2. 19.55 5 8.65 20295 11 30 106 5
1. ‘ 20.02.5 865 20 39.0
2. 20.05.5 890 ‘ 2043.5
1. ‘ 20.35.0 885 | 21175
2. 20.37 5 9.00 | 21.22.0 |
Mean Spring | 1. | |
1952 2. | |
2.10.52 . 1. 18.37.5 ! 9.05 19.07.5 11.55 1088
o 2. 18.40.0 | 9.25 19.10.5 11.80 111.2
310.» . 1. 18.32.5 9.00 19.05.0 | 1170 1182
» 2. 18.34.0 | 9.15 19.07.25 11.90 120.0
6.10. » 1. 18.17.5 8.90 18490 | 11.55 115.9
» 2. 18.20.0 910 12.00 127.7
710.» 1. 18.14.0 895 11.65 118.2
» 2. 18.16.0 9.15 |19 1230
810, 1. 18.08.0 880 18.37.0 { 11.30 108.8
» 2., 18.095 8.95 18.39.5 | 1150 111.2
15.10.» 1. 17395 895 18100 | 11.60 RS EX)
» 2. 17.41.0 9.10 1813 | 1185 1206
16.10.5 . 1. 17.38.75 925 18 09.5 J 1195 118.2
oo 2. 17.42.0 9.55 18.15.0 1245 1277
3110.5 . 1. 16380 910 1710.0 11.80 118.2
o |2 16.40.5 | 930 | 17120 12.00 1182
Mean Autumn | 1. | | \ 356 1153
1952 l 2. | i 367 | 1200
Mean All 1 ‘ - 5.0 113.3
2. | | 117.6

1 Klevation of spectrograph a — 20°.

contents, but rather a height level below which the
main part of the radiating sodium atoms is located.

The mean results of table 4 are in good
agreement with the height measurements previ-
ously taken at Tromsg. In table (5) are collected
all heights obtained at the Tromsg Observatory
and given as semi-annual means of H, and H,
(as in table 2). The total @utumny mean of H,,
35.8 km. (5th row from below), is here some-
what higher than the «spring» mean, 32.7 km
(4th row from below). The deviations of both from
the total mean 34.0 km (last row), however, are
not greater than might be explained as random
fluctuations, considering the comparatively great
root-mean-square of the «spring» mean probably
caused by uncertainty in the observation series
of 1939.

Nothing can be concluded from the data

table 5 as to the cxistence of a seasonal varia-
tion of the upper limit H,. The use of a new spec-
trograph in 1952 may have altered the conditions
of observation. The 3rd and 2nd last rows of table 5
contain the means of H, and H, of the previous
measurements (1939 and 1946) and the present
ones (1952). The former series were obtained with
a small spectrograph () described in the papers
(23) and (24) of a light power F :2.0, whereas
the latter ones were taken with the very large
spectrograph «Focalquir, I :0.65. The greater
light power of the new spectrograph made it
possible to follov the twilight sodium lines further
into the night. At the same time the greater dis-
persion and greater sharpness of the lines secured
more accurate intensity measurements. It is re-
markable that the old observations lead to nearly
the same value of H, as the new ones.
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Table 5.

Semi-annual Means of H, and H, from Tromso.
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The observations were each cvening started so
e'\rly that spectra were obtained of the twilight
while the sodium lines still had the

Year Hoo| Ho|n | a|a
1939t S . 306 93 50 12| 10
19422 A 30.3 1023 3 3.2 2.5
10462 S . 33.8 97.9 8 52 35
1952 S . 333 | 1080 | 3| 37| 36
1952 356 | 1153 | 8 | 37| 36
Mean A . 358 |ais) | 16 | 35

Mean S .

1| 74

Mean 39-46 1 | 76|
Mean 52 1133 | 11 | 36| 48
Total Mean 340 | (1038) | 27 | 62| (10)

constant intensity. This maximum intensity of
the twilight D-lines was then measured in a
relative scale for both the zenith (7)) and the
horizon (I;) observations. The results are collected
in table 6. Columns 2 and 3 give zenith and
horizon mtensities respectively.

During the work carried out in this country
on aurorae, air glow and twilight we are familiar
with the fact that the absolute and relative
intensities of the sodium D-line is subject to great
fluctuations in all these phenomena (cfr. e.g. papers
8 and 11). With regard to variations of the D-
from the air glow, we may refer to

1 ¥rom Vegard & Tensberg (7).
* Trom Vegard, Tonsberg & Kvifte (11).

The results in table 5 may be summarized as
follows: At Tromse about 34 km of the lower
atmosphere 1s opagque to the solar light, which during
twilight excites the sodium aloms localed at this place
below an altitude between 100 and 110 km.

In a previous paper (11, table IX) we found
that the mean values of H and H, came out
smaller at Tromsg than at Oslo, indicating an
increase of the screening height and the height
of the «upper limity of the sodium layer (H,)
towards lower latitudes. The same latitude cffect
is indicated by the results given in this paper,
as will be seen by comparing table 2 and 5, which
give for Oslo and Tromsg the following mean

values of H, and H,.
Hy km H, km
Oslo ...... 43.2 107.3 °
‘Tromso . ... 34.0 103.8

On account of the influence of auroral emis-
sion of the D-lines the value of H,at Tromsg .
may be somewhat too high.

7. The Annual Variation of the Inten-
sity of the Sodium Lines in Twilight. o
As mentioned in § 5, each plate of the |
Oslo series of observations was supplied with
a standard spectrum (Neon) in order to
make a comparison possible of the twilight B
sodium line intensity from evening to evening.

investigations by Dufay and Tcheng Mao Lin (25)
and Abadie, E. and A. Vassy (26).

In order to eliminate to some degrec the
random fluctuations, we have tried to reduce the
intensity, I,, from the series near the horizon to
the level of the intensity, 1, in the zenith direc-
tion 1 the following way: Each day, when both
zenith and horizon series of spectra were obtained,
the quotient K = I,/I, was computed. Dividing
each observed intensity I, with the mean value
K,, the ratios (I,), = I,/K,, represent intensities
near the horizon normalised to the scale of the
zenith intensities. The mean values L= 3((I,4-(7,),]
are taken as a measure of the relative intensity
of the D-line in twilight. The results are collected
in table 6. The resulting relative twilight-D-line
intensities 7, are given in the last column.

It of the Sediumbght
Tbght
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Table 6.

Relative Maximum Intensities of the Sodwm Light m Twilight, I, towards Zenith, [, towards Horizon (Ele-

vation 10°), K = I, /I, .
(Ii)u= | Un)w =
Date 1, I K B I Date 1 1 K Ly Iy
K, | pron
o 12 | 20 | 5 55 | 23346 ... 8 15 0 19 [ 65 | 75
8 21 2,6 9 8,5 81148 .... 95| 33 35 | 14 12
7 14 | 20 | 6 65 | 1111 » ... 55| 14 | 25 | 6 o
17 7.5 7.5 22.11. » 6,5 11 1,7 5 [
10 15 | 15 | 65 | 85 [24.1.49 125 29 | 23 |13 13
11 11 311, » 18 38 2,1 17 18
19 85 | 85 |222. » 95 26 | 27 |11 10
15 3t | 21 |13 14 252 » 65 17 | 26 | 15 | 7
75| 15 | 20 | 65 | 7 |282 » 9 30 | 33 |13 11
1 26 | 24 |11 11 13. » 65| 35 | 54 |15 1
85 1 15 18 | 65 | 7.5 | 23. » 10 42 | 42 |18 14
6,5 15 23 6,5 6,5 43. » 6 30 50 | 13 9,5
55| 11 | 20 | 5 55 |103. » s 26 | 33 |1 9,5
5 12 | 24 | 5 5 173. » 55/ 13 | 24 | 55 | 55
45| 12 | 27 | 5 5 183. » ... 6 25 | 42 |11 85
65| 13 [ 20 | 55 1 6 |[223. » ... 55 11 | 20 | 5 55
6 14 | 23 | 6 6 253. » 5 8 | 16 | 35 | 45
65| 14 | 22 | 6 6,5 |283. » 5 10| 2p | 45 | 5
85 | 17 | 20 | 75 | 8 293. » 5 9 | 18 | 4 45
6 o | 15 | 4 5 [303. 5 85| 17 | 35 | 45
5,5 9 | 16 | 4 5 313 55 10 | 18 | 45 | 5
5 9 | 18 | 4 45 | 14 > 5 85| 17 | 35 | 45
5 9 | 18 | 4 45 | 545 ... 5 19 | 38 | 85 | 7
4 10 | 25 | 45 | 45 [284. » 3 65| 22 | 3 3
19 85 | 85 |304. » 4 65| 16 | 3 35
10 17 | 17| 15| 9 45 0 ... 3 5 17 | 25 | 3
13 17 | 13 | 75 |10 65 > ... 4 750 19 | 35 | 4
11 28 | 25 |12 12 75. » M 3 55| 18 | 25 | 3
12 20 | 17 | 85 |10 75 » E.. 45 7 16 | 3 +
11 9| 08 | 4 75 | 85 » M 3 7 23 | 3 3
9,5 9,5 | 115 » ... @)
13 55 | 55 |225 » (1) (3) | 3.0
K, =23

The intensities I, vary considerably from
day to day illustrating the great variability of the
twilight D-line intensity pointed out by us in
previous papers (8, 11). Some regularity in the
intensity variations is, however, also indicated.
In figure 2, I, has been plotted against the day
of observation during the year. Although the
points in the diagram thus obtained are widely
spread, the majority of them are lying between
the two curved lines which are drawn in the
figure and which have well marked maxima near
the winter solstice. For further study of this
apparent seasonal variation, the monthly means

of I, have been computed and are given in table
7 for the three winters for which we have obser-
vations. The total weighted monthly means (1),
without regard to years, are given in column 5,
and a rounded mean (/,) in the last column. I,
is computed from I by means of the formula:

L= 14 (I, + 20, + L) Q)
where I,_,,I, and I, are successive values of [
from the months considered. This smoothing proce-
dure serves the purpose of eleminating to some
extent the random fluctuations in the material.
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Monthly Means of the Intensity of the Sodwmlight i Twilight.

o 4203
x 4849

== =V Means from Swinters

° © —m me= == (Smoothed curve)

Fig. 3.

Figure 3 shows plots of the monthly means
against time during the winter half-year. The
two curves, representing the observation series
from 1942—43 (dots) and 1948—49 (crosses),
differ appreciably m relative intensity, thus indi-
cating a year-to-year variation of the twilight
D-linc intensity. The material is, however, at
present not sufficiently complete to enable definite
conclusions. Both curves have, at any rate, a
marked maximum near midwinter. The time of

Table 7.
Monthly Means of the Intensity of the Sodium Light
in Twilight.

Year Roun-

Month Mean | ded
42—43] 43—44] 48—49 Mean

September .. (8,5) ©3 ] ®
October .... 7,0 8,8 74 (8,2)
November 10,7 78| 93| 88
December .. | 9,0 20 | 98
Jamwary  ..| 7,5 | 102 | 151 | 120 | 103
February ..| 59 94| 80| 86
56 71| 65| 64

44 44 44| 46
May ....... ] 32| 32| (34

maximum does not coincide in the two cases,
but this may probably be attributed to the limited
number of observations. It would be safe to assume
that the mean curve (delta marks) — or the
smoothed curve (circles) — will give a fairly
good impression of the seasonal variation of the
intensity of the sodium D-lines in the twilight
luminescence.

Dufay (28) has investigated the annual vari-
ation of the night glow sodium line intensity.
From observations carried out during about 3
years, he found that the mean intensity was
nearly represented by a single yearly harmonic
wave with max. around the middle of December.
The ratio between maximum and minimum inten-
sity was about 5 to 1.

The smoothed curve (fig. 3) of the seasonal
variation of the twilight sodium line at Oslo, is
not complete because of observations lacking
during summer time. Two third of the year are,
however, covered by the curve, and during this
time the curve shows the same general «trend»
with respect to maximum intensity and ratio
between winter and summer intensity as Dufay’s
night glow curve.
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Vig. 4.

As already pointed out, the D-emission in
twilight and in the night glow originates from
very different altitudes and excitation processes,
but still the similarity between the seasonal vari-
ations indicate some physical correlation between
the two phenomena.

Regarding the cosmic-physical consequen-
ces of the results, we refer to the appendix by
Vegard.

Chapter 2
Auroral Spectrograms from Oslo.

§ 8. Introductory Remarks.

In this chapter we are dealing with some
auroral spectrograms taken at Oslo with spectro-
graph (C) from 1945- 49. Reproductions are given
on pl. VI, and details regarding type of photo-
graphic plate, date, time of exposure, direction
of collimator and auroral type, are given in expla-
nations to plate VI at the end of this paper. Two
of the spectrograms (Nos. 22 and 23) were taken
on infra red sensitive Eastman I.L. plates. The
other 21 spectrograms were taken on three dif-
ferent types of pancromatic plates for the main
purpose of observing possible variability effects.

§ 9. Observations in the Infra-Red.

Spectrograms showing the presence of auro-
ral bands or lines in the infra red, were described
by Vegard in 1932 and 33. The first were taken
with glass spectrographs (29, 24) one spectrogram

Geol. Publ.

with a grating spectrograph (30). In all 10 band
features had been registred in the range from
7000 to 8100 A.

By means of the two spectrograms taken
3.2 and 17.3 1949 on Eastmann 1. L. pl. the range
was extended to about 8800 A.

On the negatives, only 7 bands could be
distinguished and measured. In order to detect
more details and increase the accuracy, we have
made measurements by means of microphoto-
meter registrams as shown on fig 4. To eliminate
maxima due to the grain structure and faults on
the plate, we took two registrams along two
parallel lines across the spectrograms, and only |
distinctly coinciding maxima on both curves were
accepted as real. The results are given in table 8.
Trom the registrams we have measured 17 bands
or lines, while only 10 infra red features had
previously been measured.

By means of intensity scales photographed
on each of the two plates with a light source of
known intensity distribution, the true relative
intensities of the strongest bands and lines in
red and infrared were measured in relation to
the green line 5577, the intensity of which was
put equal to 100. The results are shown in table

Table 8.

Wave-lenghts Measured from Infra-red Set
Spectrograph «C», Oslo.

sitive Plates,

Date .. .. .. ..3.

Plate VI No. Previ-
Monsun S | Means | ously
red from, Plate .I’lm{o-registmms measured
! } 8800 J 8790 ’ 8795 i
| 8655 | 8665 8650 8655
8421 | 8465 8440 | 8440
8360 | $345 | 8350
8210 | 8210 | 8210
‘ 8120 | 8140 | 8130 | 8132|
8052 | 8040 | 8045 | 8045 | 8035
7935 | 7925 | 7930 | 7906|
| 7850 | 7855 ‘ 7845 | 7850 | 7867
Loms | o750 | 7750 | 7740 | 7734
i | 7680 | 7695 | 7685
7533 | 7565 | 7550 | 7550 | 7594
7469 | 7465 | 7445 | 7460 | 7479
7375 | 7395 | 7385 | 7368
7325 | 7320 | 7325
| 7230 | 7250 | 7240 | 7264
| 7095 | 7100 | 7100 | 7068
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Table 9.
Intensities of Infra-red Bands obtained with Spectro-
graph «C» at Oslo.

Type of Plate .. ..| Eastman 1. L.

Date .. .. L 3249 17.3.49

PL VI, Sp. No... .. 2 |

Expos. Interval .. ..| 22.45—06.30 |  20.400225

Direction .. N N

Height 40—70° | 40—70°

Aur Form, A&D | All sorts
8300 29 31
8655 19 26
8440 16 ‘ 15
8350 44 4.6
8045 10 ] 10
7850 39 43
7740 37 ‘ 43
7580 7. 3,9
7405 11 6,7
6300 29 | 16
5577 100 | 100

9. Taking into account the great intensity of the
green auroral line a number of bands and lines
in the infra red are quite strong.

After these spectrograms were taken, auro-
ral spectrograms in the infra red have been ob-
tained at Tromsg with a new spectrograph desig-
ned by Vegard and built by Societé Générale
d’Optique in Paris under the supervision of Cojan.
The results will be found in a paper recently
published by Vegard and Tgnsberg (31). From
these spectrograms about 50 vibrational bands
have been observed and measured in the interval
between 7000—8800 A, and with regard to inter-
pretation we refer to this paper.

Recently Meinel (32) using a grating spec-
trograph of considerable light power and disper-
sion obtained spectrograms giving some very well-
defined bands and lines in the infra-red, for which
wave lengths could be measured fairly accurately.
Spectrograms giving some infra-red bands and
lines have also been obtained by Petric (33).

§ 10. Intensity Variations in the Visible

Longwave Part of the Auroral Spectrum.
The spectrograms taken on pancromatic
plates and reproduced on pl. VI, are most of them
too weak for intensity measurements except in the
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interval between the green line and the limit
in red.

It appears from plate VI that the sodium
D-lines do not appear distinctly on any of the
spectrograms even when other auroral bands and
lines are quite strongly exposed. In the case when
a line seems to be present in the position of the
D-lines, it is at any rate partly due to a band of
the Ist positive group of nitrogen. The measured
relative intensities are given in table 10. The
feature apparently coinciding with Na I, has been
measured for the three spectrograms Nos. 8, 11
and 16.

It appears from the table that when the red
OI-line 6300 is weak the bands of the 1st positive
group are relatively strong, and, as we see, the
red O line has a very small intensity for all the
three spectrograms for which the feature near
the D-line has been measured.

As the bands of the 1st positive group on
the same spectrograms are relatively strong, the
feature near the D-line is essentially produced
by a band of the Ist positive group.

It is well known from previous investiga-
tions that the red OI-doublet is considerably en-
hanced with increasing altitude and that the
intensity of the bands of the 1st positive group
increases downwards. These cffects are clearly
seen from the spectrograms on Pl VI and from
table 10.

We may e.g. compare spectrogram 5 from
the top of rays, with 4 and 6 corresponding to
the lower limit. Sp. 9 and 10 from corona and
top of rays with 8 and 11, spectrogram 12 with
11 and 13. No. 14 with 13 and 15 and 18 with
its two neighbours. Thus the spectrograms with
small intensity of the red OI line and great in-
tensity of 1 PG bands correspond to luminescence
from a small altitude.

‘When we remember that the sodium lines
sometimes appear on auroral spectrograms fair-
ly isolated and with an intensity of nearly the
same order of magnitude as the green and red
OI lines, the fact that the D-lines are absent on
all spectrograms on pl. VI, illustrates in a striking
way the great variability of the sodium emission
in the auroral luminescence.
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Table 10.
Intensities Obtained with Spectrograph (C) at Oslo. PL VL. gy = 100.

Geof.

Publ.

Spectr Exposure | Height & 58931 5993 | 6110 6300 6454 | 6340
Date No. Interval | Direction | Avr-Form | Mol ipG | 1pG | o1 \ 1PG | 1PG
9.11.45 ... 1 18.00—20.00 14°N Dif. A 28 9.7 3.8
2 20.10—20.22 10° WNW| » 38
3 20.22—20.34 10° » 41
4 20.35—21.05 10°E Bottom R 20
5 21.05—22.05 | 55°SW | Topp R 52
6 22.15-23.10 12° N L.lim. A, D 25 53 74
7 23.10--00.45 50° NE Fl Aur. R. 37 3.5 47
8 00.45—02.40 8N Low. 1.Dif. A.| 27 5.2 34 19 5.9 71
9 02.40-—04.45 90° Corona 39 4.1 4.8
10 23.10—00.45 | 75° N Topp R o1 | 27| 29
11 00.50—02.00 10° N L. lim R. 3.2 3.9 2.9 13 5.4 74
12 21.50—22.50 | 51°N Topp R. 108
13 22 50-—01.05 15° NE Bottom R. 19 5.2 59
14 01.05—03.00 | 35°N R&A 70 3.0 3.0
15 20.45—01.20 11°N L. L dif, A 21 6.6 6.8
16 20.45-—04.10 19°N A&D 35 4.0 26 13 54 7.8
17 20.45--01.25 25° N L. 1L dif. A 10 3.2 5.0
18 01.25—-03.30 30°N U. L 45 4.3 55
INot copied 23.15—04.45 9°N Dif. A 12 54 85
19 21.10—23.10 | 25°N A 14 (5.2)
1 PG = 1st positive group of mitrogen. Tntensities
L.l = Lower limit.
U.1 = Upper limit.
A

— Arc, D — Draperies, R = Rays
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the Sodium D-line in Twilight

BY

L. VEGARD

The new determinations by the Vegard
method of the «upper limits H,, the thickness
AH = H,— H, of the sodium layer producing
the main part of the D-emission in twilight and
of the screening height (H,), have given results
in good agreement with those published in pre-
vious papers. The basis for the cosmic physical
consequences which may be drawn is therefore
unchanged.

In his announcement in Nature (6) of the
method and the first result derived from it, Ve-
gard states some of the most important conse-
quences in the following way:

«It is of interest to notice that the screening
height is just above the region of relatively large
ozone concentration. The effective height is found
to be about the same in the evening and in the
morning, showing that there is no noticeable time
lag in the emission process.

These results' indicate an extra terrestrial
origin of the sodium from which the yellow line
is emitted. It is possible that in addition to the
hydrogen showers previously dealt with?, showers
of sodium coming from the sun may enter the
atmosphere. Possibly the hydrogen showers, in
connection with sodium and atmospheric oxygen
may account for the luminous night clouds.

Our results regarding the position of the
effective sodium Jayer also enables us to make
certain estimates regarding the effective solar
radiation. If it is ultraviolet light it should be
found somewhere in the interval 1900—3100 A.
The screening limit (H,) is due to ozone absorb-
tion, the maximum of which lies at about 2500 A.»

1) The great height of the upper limit Hu,

%) Vegard, Nature 144, 1089, 1939,

The Doppler displacement of H-lines found on
spectrograms obtained at Tromsg in 1940—41 (3,
4, 5, 41), showed that the bundles of solar elec-
tric rays were composed of electrons mixed with
protons, confirming the view that these bundles
are composed af electrons electro-statically neu-
tralized by positive ions of high specific charge
(cfr. 41). This constitution involves that the re-
lative intensity of auroral hydrogen lines is nearly
proportional to the relative velocity, explaining the
great variabitily of the H-line intensity. The
great abundance of sodium in the solar atmos-
phere and the great variability of the D-lne in
twilight and aurora, suggest that also highly ionised
sodium atoms form part of the solar ray bundles.

In a more complete account where also
Tromsg observations were included (7), it was
shown that the effective solar radiation which
excited the D-line in twilight, could not be of the
X-ray type.

On the other hand, any solar radiation with-
in the visible part of the solar spectrum would
lead to a much lower screening height than that
observed, even when the absorption of ozone in
this spectral region is duly considered (cfr. 20,
34, 35).

A screening height of the magnitude here
found (34—44 km) involves that the excitation pro-
cess leading to the emission of the sodium D-
line in twilight is initiated by ultra-violet sunlight
in the wave-length region near A = 2500 A.

Objections to this excitation process have
been raised on the ground that a photo dissoci-
ation would leave the excited sodium atoms with
part of the surplus energy associated with the pro-
cess, and, if so, the twilight D-line would be
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broadened by Doppler cffect. Further the twilight
D-line excited in this way would be nearly un-
polarized.

From experiments on the absorbability of
the twilight D-line in sodium vapour, Bricard and
Kastler (35, 36) find that the twilight line is very
sharp and its width should correspond to a tem-
perature of approximately 240° K, or about the
same as found by Vegard and collaborators for
the auroral region. Further Bricard, Kastler and
Robley (37, 38) consider they have shown that the
twilight D-line is slightly polarized.

As far as these experimental results go, they
are in good agreement with the assumption, that
the twilight D-line is due to a resonance effect
produced by the sodium line in sunlight.

Now this optical resonance hypothesis by
Kastler et al. claims that in the atmosphere sodium
is found in the form of free atoms, but such a
state of things is not likely to exist so low down
in the atmosphere as would be required by the
resonance hypothesis with its low screening height.

As already mentioned, highly ionized sodium
atoms may form part of the solar electric ray
bundles which enter into the atmosphere and pro-
duce aurorae. Coming in contact with oxygen
atoms in a neutral or ionized state, they will
combine and form sodium-oxid, and perhaps, by
the presence of hydrogen, sodium hydroxyd. In
such chemical combinations the sodium D-line could
not be exciled by rvesonance, but a photo dissoci-
atwon by an ultra-wolel radiation will be wanted,
at any rale as the first step towards the excitation
and emission process.

We suppose that at a height (%) each cm?
containing N, sodium-oxygen molecules (say
Na,0), and the effective solar radiation from
these molecules, produce g, free sodium atoms per
sec. After a certain time the number of free sodium
atoms per cc. is #,, then we have:

% = g — @, (o) m? 1)
@, is a kind of recombination coefficient at the
height (k) and (n,), is the number of oxygen
atoms per cm?®. To simplify matters the quantity
(), makes no distinction between molecular and
atomic oxygen. When a stationary state is reached
l%'; = 0, and the number of free sodium atoms »,
will be given by the equation:

Geol Publ.

RT3 2

Y v, @
¢, = K.N, where K 1s an efficiency factor of
the photon reaction depending on the intensity
of the effective solar radiation and constitution
and properties of the molecule. This inserted into
equation (2a) gives:
/ KN,
/ Ne

a; (o)

The existence of a recombination coefficient means
that it takes some time for the free sodium atoms
to attach themselves to oxygen so as to regener-
ate the sodiumoxyd. At low pressure ay(n,), may
be small as compared with q so in a stationary
state the number of free sodium atoms may be com-
paratively great.

As soon as the free atoms are formed they
are exposed to the influence of the sunlight so-
dium D-line, and the resonance excitation will
have an opportunity to set in, because the screen-
ing height of the visible light (in casu the sodium
D-line) is much smaller than that of the ultra-
violet light which causes the photon dissociation.
Moreover, the free atoms may also be excited by
ultra-violet light.

Now by the photo dissociation the free so-
dium atoms may either be left in an excited or
an unexcited state.

In the first case part of the D-line inten-
sity in twilight would result directly from the
dissociation process, and the number of D-photons
(#p), which in twilight is emitted per sec. from
a cm?® at a height (k) may be expressed by a
formula of the type:

(0)s = &4+ % (7 + ) )

& is the probability that the sodium atom by
photon dissociation is left in an excited state.
7 is the probability that the sunlight D-line will
excite a sodium atom by resonance, and x is
the probability of a sodium atom to be excited
by ultra-violet light. In this case the sodium atom
is probably first ionised, and the D-emission is
the last step in the recombination process. By
this excitation the surplus energy will mainly be
transferred to the expelled electron. Consequently
this excilation as well as that due to resonance,
will give a sharp D-line, the width of which is deter-
maned by the temperature of the surrounding atmos-
pheric matter.

v, = (2b)
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In the layer where the greater part of the
D-line during twilight 15 emitted, the number of
sodium atoms », in the stationary state, may be
so great that the term v, (r -+ %) is dominating as
compared with & q,.

1f the photon dissociation leaves the sodium
atoms in an unexcited state ¢ = 0 and the term
w, (# + #) represents the whole twilight D-
cmission.

Thus the sharpness of the twilight D-lines and
the possible existance of a polarization, as found by
Kastler and collaborators, are in good harmony
with our resulis found by ihe Vegard method re-
garding the screeming height (H,) and the upper
limit (H,) and thickness A H, of the layer from
which the main part of the sodium D-line wn twilight
is emilted.

The interpretation of the experimental re-
sults here given leads us to the problem of speci-
fying the quantities entering into the equations
(1—3) in such a way, that it is possible to cal-
culate a theoretical time-intensity curve for the
twilight D-emission, which within the limit of
error coincides with that observed.

As we know too little about the variation
of N, with altitude and the efficiency or proba-
bility factors K, » and 7, the solution would be
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one based on a method of trial and error.
From the equations 1—2, however, the fol-
lowing conclusions can be drawn:

1. When we pass from above (H,) and towards
lower altitudes, the rapid increase in D-emis-
sion when we pass H, is due to arapid increase
in the concentration of the compounds which
contain sodium or in the number N,. This fol-
lows from the fact that the quantity («, (1),
increases downwards.

2. Even when below (H,) the sodium concentra-
tion continues to increase or remain constant,
the intensity of the twilight D-emission would
fall on account of the rapid increase down-
wards of the quantity a, (n,);.

Thus the dower limit» (H)), found for the
D-line emitting layer, may be accounted for by
the rapid increase of a, (1), towards lower lati-
tudes, and tells us very little about the sodium
content below the limit (H,). Thus besides the
rapid increase downwards of the sodium content
near (H,) at altitudes of 90—108 km, very little
can be said at present about the sodium concen-
tration below this limit so long as we cannot find
more accurately how the quantity a, (n,), varies
with altitude.
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Twilight at Oslo. Spectrograph (C)

Explanation to Plate I.

Group Sort of Plates ; Date lgf;gr:f Height ‘l Azimuth
1 Agfa ISS Sensitized | 22943 | 19.38—20.09 105° | ca. 115° w
5 with NHj 7.1043 | 18.23—18.50 90°

» » 18.51—19 23 10,5° » 100° »
» 24144 | 17.00—17.27 90°
3 » » 17.30—18.01 | 10,5 »o70° s
. » 5.3.46 ‘ 18.35—19.04 90°
» » 19.05—19.35 10,5° » 100° »
5 » 14346 | 18.56—1925 90°
» » 19.28—19.59 10,5° » 110° »
6 » 17346 | 19.04—19.32 90°
» 19.33—20.07 10,5° | s 110° »
. » 19.13—19.41 90°
» 19.45—20.13 10,5° » 110° »
s » 19.18—19.46 90°
» 19.47—20.16 10,5° | 115° »
N Tlford H.P. 3. Pre- 16.48--17.16 90° \ .
illuminated » 17.18—17.40 0 107" | 80°
10 » 1111.» | 1641—17.11 90° ‘
H.... » » 17 13—17.45 10,7° 77°
n Z » 16.19—16.46 90° ‘
H » 16.53—17.24 10,0° | 72° »
12 » 16.55—17.27 90°
» » 17.28—17.55 10,7° 70° »
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Explanation to Plate I1.
Twilight at Oslo Spectrograph (C

| Interval of

Group ‘w Sort of Plates ‘ Date | Exposure Height Azimuth
13 Z ... Dford HP.3. Pre- | 31149 | 170951740,  90°
H illuminated » | 174418215 107° 75° w
14 7. » l 1801—1831 ' 90°
H » 18341849 ¢ 10,7° 897
15 2 » 18.13—1841 | 00°
H » | 10,7° 91° »
16 Z .. » 90°
H.. » 18.55-19.30 1 10,7 945
17 2 » 18.24,5-18525  90°
H » 10,7° 95° »
18 2 » 90°
H » 19.01-19 35 10,7 95° »
19 7 » 18.32—19.00 90° |
H » 19.06—19.40 10,7° 95" »
20 2 » 18.4719.15 90°
H " 19.21-19.55 10,7° 1007 »
21z » 19.04--19 32 90° |
H » 19.38--20.12 107 | 1107 »
22 7 » | 19.08-19.36 90°
H » 19.41--20 15 10,7° 110° »
23 7 » 19.18—19.46 90°
» | 19.51--20.25 10,7° 113°
» 19.25—19 53 90°
» » 19 58—20.32 10,7° 1157 »




Plate I1.




Twilight at Oslo  Spectrograph (C)

Explanation to Plate I11.

Interval of

Group Sort of Plates Date Exposure Height Azimuth

25 7. Tiford H.P.3. Pre- 28349 | 1930—19.58 90°

H. illuminated » 20 04--20.38 10,7° 117° w
2 7. » 293 » 19 33—20.01 90°

H. » » 20.07—20.43 10,7° 118° »
27 7. » 30.3.» 19.36—20.04 90°

H. » » 20 09—20.43 10,7° 118° »
28 7. » 31.3.» 19 39—20.07 90°

H. » » 20.12—20 46 10,7° 119° »
29 7 . » 14,5 19.43—20.09 90°

H. » » 20.14—20.48 10,7° 119° »
30 7. » 5400 19.51—20.19 90°

H. » » 20 24—20.58 10,7° 122° »
37 » 2845 20.50—21.20 90°

H. » » 21442232 10,7° 150° »
32 7. » 304.» 20 56—21 26 90°

H. » » 21.52—22.40 10,7° 154° »
33 7 » 4.5, 21.16—21.55 90°

H. » » 22.14—23.00 10,7° 160° »
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Explanation to Plate 1V.
Twilight at Oslo. Spectrograph (C).

. | Interval of
Group Sort of Plates |  Date Exposure Height ‘\ Azmuth
Zg .. | Dford H.P.3. Pre- 6549 | 21.22—22.01 90°
illuminated » 22.24—23.10 10,7° 162° w
» 7.5 01.15—02.03 107° | 162 E
» » 90°
» ' 90°
» » 22.31--23.17 10,7° 164° w
» 8.5. 01.09--01.55 10,7° 164° E
» » 02 22—03.01 90° I
» 1112.5.0 [23.22,5-01.045|  10,7° 170,5 w
—170,5 E
» 225.» 2222-23.16 90°
» 22.235. 9 | 2320—0107 30,7°  [170° w—170° E
» 235.» 01.10-—02.05 90°
» 30.31.5. » | 23.20—01.07 90°




Plate 1V.
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Explanation to Plate V
Tuwnlight, Tromso.
Spectrograph (¢Fs).

Group

Date

Interval of

Elevation

Exposure angle
1 243.1952 | 19.25--19.58 90°
» 20.03—20 38 20°
2 141952 | 20 02—20.45 90°
» 20.50—21.33 20°
5 7101952 | 17 50--18.12 90°
N » 18.15—18.49 20°
4 8101952 | 17.46—18 08 90°
» 18.10—18.48 20°
5 16.10 1952 | 17.05—17.39 90°
» 174118 11 20°
6 27101952 | 17.10-°16.53 90°

Type of Plate:

Kodak 103a T.
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Explanation to Plate.VI
Aurorac at Oslo, Spectrograph (C).

. | Interval of } . Remarks on
Sp No. Sort of Plate Date ‘ Exposure Height  Direction  xuora) Typo

1| Agla 1SS Sensitized 18.00—20 00 +© N Dif. A

2 with NH, 20.10-—-20.22 107 WNW | Twilight

3 » 20.22—20 34 » » »

4 » 20.35—21.05 » E Bottom of R

5 » 21.05—22 05 55° SW Topps of R.

6 » 2215—23.10 12° N Lower limit A

and Dr.

7 » » 23.10---00.45 50° NE R, Tl Aur.

8 » » 00.45-—02.40 8° N Lower Lim. Dif A

9 » » 02.40—04.45 90° Corona

10 » 28.346 | 2310—00.45 75° N Topp R.

11 » » 00.50—02.00 10° Bottom R.

12 Ilford HP.3 17.4.47 21.50—22.50 51° » Topp R

13 » » 2250—01 05 15° NE Bottom R.

14 » » 01.05 ~03.00 35° N [ R&A

15 » 18.947 20.45—01 20 11° » Lower Lim. Dif. A

16 » 25.947 20.45—04.10 19° » A & Dr

17 » 21047 20.45—01.25 25° » Lower Lim. Dif. A

18 » » 01.25--03.30 30° » Upper  »

19 » 211048 21.10—23.10 25° » A

20 LEastman 103 1 19.11 47 21.40—01.15 15° » Upper Lim.

21 » 13.3.43 21.30—04.00 16° » Dif A & R.

22 | Eastman I—L 22.45--06.30 | 40—70° » A &R

23 » 20.40—02.25 » » AlL sorts
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