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Summary. The paper presents the results of spectral investigations of aurorae carried out
at Oslo and Tromse during the seasons 1957 —1960. The two large spectrographs “V*’ and
“F” (19, p. 1 1956) were used at Tromse. A spectrograph “C” of smaller dispersion (page 25)
was used at Oslo.

Results with the “V™-spectrograph. With the “V”-spectrograph the 5 spectrograms obtained
on Kodak 103 a—E-plates were reproduced on plate Ia, Nos. 1—5. On plate Ib were reproduced
7 “V>-spectrograms (Nos. 6—12) taken on Kodak 103 a—]J plates. Wavelength values and
intensities were measured for the features observed (Nos. 1, 2, 4, 5) and (Nos. 6, 9, 10, 12) of
the “V”’-plates Ia and Ib. The results are given in the large tables 3a and 3b. The possible inter-
pretations are given in the last column.

The ionospheric temperatures were measured from a number of (NFIN)-bands from the
(V") spectrograms of plate Ia giving a mean temp. = 234° K (table 4a). Plate Ib gave a mean
temp. 233,5° K, table 4b. The temperature measurements showed no indication of increase with
altitude.

Spectrograms taken with the ““F”-spectrograph.

A. Spectra from Kodak 103 a—E. Reproduced with explanation on the plates I1a, IIb, and Ilc.
Total number 89. Relative intensities of forbidden OILlines, some nitrogen bands and H|, lines
were measured and tabulated.

B. “F-spectrograms from Kodak 103 a—7F. Reproduced on plates ITIa and IIIb. Relative
intensities measured of the bands NFIN = (0—1), (1—2), (0—2), (1—=3), (0—3), (1 —4), Hp,
NIT (5000), NI (5200). The intensity of NFIN (1 —2) was equal to 6. The results agree with those
given in paper 19 §§ 15—22.

Remarks on the features were given in the last columns of tables 5a and 5b.

"The spectrograms taken on Kodak 103 a—FE and reproduced on plates II (a, b, ¢) are classi-
fied into two types collected in the groups E and P, where those in the E-group are excited mainly
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by primary solar electrons reaching down to the bottom edge (#,), and the group P, typical for
proton excitation from the height (4,) and upwards. In the case of total separation in the interval
(hp—h,) the luminescence is mainly produced by solar electrons.

The intensity variations relative to that of the green line (5577) is indicated in the following
table (cir. table 7):

Int. (5577) = 100.

(I) of features OL (6300) | H (6563) |NTIN (1—0)| NulP (8 —5) | N,IP (7,4)
GroupE .............. 19 0.70 3.8 5.0 6.8
Group P .............. 675 3.57 9.1 4.9 6.9

This table shows:

The component (6300) of the forbidden red doublet is here 36 times greater when it is excited
by protons, than by electron rays. The mean intensity of (H,) is about 5 times greater in the
proton group than in the group mainly excited by primary electrons.

The fact that the band NFIN (0—1) is about 2.5 times greater in the P-group is due to the
relative diminution of the gréen line (5577) with increasing altitude. The relative intensity of
the two (N,]P)-bands is the same in the group E and P, which means, that these bands are mainly
excited by solar electrons down to the bottom part of the auroral luminescence.

The exttation of aurorae by protons is restricted to the transfer of the double ground state of OI (3P,,,)
to the metastable 1D, state, which stops to return io the ground states by emission of the red doublet. The
upper state 15, is not formed and no similar increase of the green line (5577) is observed in con-
nection with the great enhancement of the red doublet.

From the altitude (&, ), where the proton is absorbed and stops, and upwards, the red doublet
may be excited by protons and emitted with great intensity, but no corresponding emission of
the green line (5577) is found.

The electrons of the solar bundle, however, on the way downwards through the ionosphere
to the auroral lower limit, will not be essentially influenced by the protons down to (k,), but
will transfer the ground states of the metastable states 1D, and 1S;. As the lifetime of (1D, —1S,)
giving the green line OJ (5577), according to fig. 1, is much shorter than that of the other OJ
transitions, the green line will dominate over the other forbidden OI lines, which are excited
by electrons.

From this process it seems to follow that the green auroral lines (5577) which are sufficiently
strong to be seen, are due to electron excitation.

The study of the forbidden NI doublet (5200, 5197) showed a similar variability of intensity
as that found for the red OI doublet, (cIr. tables 8 and 9). Regarding the forbidden N/-doublet,
cir. [19], pp. 42—48.

The emission from the metastable Ol-state showed that the enormous enhancement of the
red OI-doublet could not be due to electron excitation, but had to be caused by a kind of chemical
reaction between protons and the ground system of O/ In § 9 the enhancement of the Of doublet
is briefly explained as follows: '

Reaction between protons and the atomic system OI, OII, OIII, NI, NII by the formation of the forbidden
1D,-doublets.

The collision between the neutral O-atom and the proton, which leads to the excitation of
the red doublet emitted from the metastable 1D,-state, differs most essentially from electronic
excitation of OI already dealt with. We must first of all remember the positive charge of the
proton and its great mass compared with that of the electron.
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When a proton strikes an O-atom it will attract one of the Ol-electrons, and try to form a
hydrogen atom. This interaction may partly result in the formation of a H-atom and a OlIl-ion,
partly in the transfer of the ground state of Of to the metastable state O 1D,, which results in
the emission of the red doublet. On account of the chemical coupling, the lifetime of the 1D,-
states is greatly reduced, so the probability of the emission of the red doublet is increased. This
may account for the enormous enhancement of the emission of the doublet OF (3Pgy1—1Dy)
which is responsible for the red aurorae of type 4.

The same reasoning may also account for the emission of the other doublets of the forbidden
lines from a 1D, state to its corresponding ground state of 01, OlII, 0111, NI, NII.

The chemical reaction between O-atoms and the protons of the solar bundle, which result
in the formation of the D-doublet from the metastable ground state OI 3P,,,, has no influence on
the higher metastable state OI 1S,, or the emission of the green line OI (A\D,—18y) (5577). This leads to
the remarkable result that the famous green auroral lines are excited by photo-electrons contained in the solar
bundles produced by sunspot X-raps.

It is to be expected that the following corresponding forbidden lines from the upper metastable
states behave like the green auroral line in so far as they are only excited by electrons like the
following 5:

OI (*D,—2S,), OII (*Dy/,—2Py/5), OII (*Dy—1S,)
NI (2DP/y, ofa—2P1f5), NII (AD,—15,).

The electron excitation also holds for the transitions P—S and S§—P,

Only the doublets P—D and §—D are excited by protons (cfr. table 1 (abed), through a
kind of electro-chemical reaction.

This forbidden reaction is called “catalysis in gas reaction”, where in the present case
the Ol-clectrons and the proton kinetic energy serve as catalyst.

Spectrograms taken in Oslo with spectrograph “C*. During the period from 29.8. 57 to 5.11. 59, 72
spectrograms were taken at Oslo, 61 on Kodak 103 a—E and 11 on Kodak 103 a—J-plates. The
spectrograms are reproduced on the 3 plates IV (a, b, c). Each plate is provided with explanations
in the usual way. The spectral types show a great difference, and in most cases we can clearly
distinguish between spectral types mainly excited by electrons or by protons (positive ions).

Part 4. Table 11 shows group E (electron excit.), P (proton excit.) and mixed (E, P excit.)

The features of E and P are usually over-exposed so the intensity distribution cannot be
accurately measured. But the distribution of the types can be approximately studied from the
spectrograms on the plates IV (a, b, c).

The spectrograms from Kodak 103 a—E (No. 1 —61) show great variations of bands from
the E-group and of the red doublet in the P-group.

Part B. The spectrograms (No. 62 —72) from Kodak 103 a—]J show great variations in the
intensity of (N}IN) bands and the forbidden green NI-doublet.

Regarding the excitation of electrons and protons cir. section 9.

1. Remarks on previous results forming the background of the present
paper. Our knowledge of the solar-terrestrial relationships is mainly based on the
spectral analysis of the auroral luminescence, combined with the properties of the
upper atmosphere and the solar phenomena.

These cosmic studies based on auroral research have been continued for more than
50 years. The results have been gradually obtained and dealt with in a number of
papers, some of which are referred to in the list of papers [1, 2, 3, 4,5, 6,7, 8 and 9].
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The gradual accumulation of auroral observations and results derived from related
problems, has gradually been coordinated to a theoretical understanding of problems
related to solar — terrestrial relationships, such as, aurorae, magnetic disturbances,
zodiacal light, development of comets, the structure of the ionosphere (terrestrial
corona), the solar corona and the “clectron ray bundles”, which are neutralized by
protons and probably other positive rays, and which produce aurorae and allied
cosmic — terrestrial phenomena.

The theory connecting these phenomena is based on what is called “the coronal
effect of solar X-rays”.

In addition to the papers already referred to, the following summaries of the
theory of solar-terrestrial relationships based on “‘coronal effect of solar X-rays” have
recently been published:

a. Paper read at the conference of Chemical Aeronomy sponsored by Geophysics
Research Directorate, Cambridge, Mass, held on 25—28. June 1956 [12]. Published
in “The Threshold of Space’ edited by M. Zelekoff, p. 22, Pergamon Press, New
York, London.

b. Preface to the paper [13] “Results of Auroral Observations at Tromsg and Oslo
from the four Winters 1953/54-—1956/57. Geof. Publ. XX No 9, 1958.

¢. Phenomena in Planetary and Space physics governed by the “Coronal Effect of
Solar X-rays”. Det Norske Vid. Akad. Oslo. Avhandl. Mat. Naturv. Klasse, 1960,
No. 1 [14].

At the end of that paper a short survey of some of the most important results from
my investigations on aurorae and kindred cosmic phenomena covering a period of
about 50 years, has been given. Following mostly historical lines, [14] provides proper
justification for the various steps which have led to the theory of aurorae and solar-
terrestrial relationships. The property of the cosmic phenomenon we consider is first
of all a function of the frequency of the X-ray = type which is responsible for the
phenomenon in guestion.

d. The following two reports were read by Professor, Dr. G. Fanselau, Geomag-
netisches Institut, Potsdam, at the Symposium held in Berlin June 13—18. 1960.
Report 1: The Theory of aurorae and other solar and terrestrial phenomena

resulting from coronal effects of solar X-rays.
Report II: Separation and identification of the positive ions in the neutralized
bundles which produce the aurorae.

The reports are expected to be published in connection with papers from the
Symposium.
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2. Remarks regarding the auroral observations of this period and the
problems to be treated. With regard to aims and methods the present paper is to
be regarded as a continuation of previous auroral investigations.

During the present period of three years, auroral spectrograms have been taken
at the Tromss observatory with the two large spectrographs “V”’ and “F”. In Oslo
we have now only used spectrograms from the spectrograph “C”. The optical properties
are found in previous papers [cfr. e.g. 19. 21].

With the spectrograph “V”’, 5 spectrograms were taken on photographic plates
Kodak 103a—E and 7 on Kodak plates 103 a—J. The E-plates have the advantage
of being very sensitive in the region covered by H, and the red OI-doublet (6300,
6364), and were particularly favourable for the study of red features. The J-plates are
Insensitive to red, but very sensitive in a region near 5200. The J-plates were there-
fore used with advantage for the study of the forbidden NI-doublet (8852—2Dg)s, 352,
5200.1, 5197.8).

"The “F” spectrograph with its great light power and short time of exposure, was
used for the study of variations of the auroral luminescence. With this spectrograph
89 spectrograms were taken with Kodak 103 a—FE, and 61 with Kodak 103 a—]J
plates.

In Oslo 61 spectrograms were taken with Kodak 103 a—E and 11 with Kodak
103 a—]J plates.

As pointed out in our investigations, the auroral theory based on the coronal
effect of solar X-rays, leads to numerous consequences to be tested and verified by
continued auroral observations regarding the variability of the spectral composition
of auroral luminescence, combined with the different conditions of the exposure.

According to our theory the aurora is produced by bundles of photo-electrons
neutralized by positive ions, preferably protons. When a neutralized bundle enters the
ionosphere, it is no longer tied up with the condition of neutralization. The electric
particles (photo-electrons and positive ions) used for neutralisations are free to move
and to be absorbed independently of each other. This separation of the components
of the bundles open up an important possibility for determining the nature of the
particles and the altitudes they reach.

As a rule, the photo-electrons of the bundle will have the greatest range and will
be absorbed at a height (h;) near the bottom edge of the auroral streamer. The protons,
however, will stop at a greater altitude, h,. In the layer between h,—h,, the auroral
luminescence will be excited by the photo-electrons of the bundle and have the typical®
features of excitation by electron rays, which may be characterized as follows:

Strong bands, few and mostly weak lines. Near the bottom edge, where the velocity
rapidly decreases, while the intensity of the N,IP bands increases to a sharp and great
maximum value, the result is often that a strong red auroral band is formed along the
bottom edge (red aurorae of type B).

Above the altitude (hy) the intensity of the electron excitation is much reduced,
while the excitation of positive ions (mainly protons) is taking the lead. The lumine-
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scence due to positive ions is here characterized with a great number of strong atomic
lines, while the bands are very weak or absent.

Thus the fact that the luminescence produced by electrons differs in typical ways
from that produced by protons and other positive ions, is a matter of great importance
for the analysis of the composition of the auroral bundles.

3. The auroral light from forbidden transitions between metastable states
of oxygen and nitrogen. Since it was found that the green auroral line was due
to a forbidden transition of neutral oxygen atoms, it has gradually been shown that
emissions from the two metastable ground states of O- and MN-atoms (neutral and
ionized) play a most important part in the spectral composition of the auroral bundles
and for the study of ionospheric physics.

In 1926 it was shown that the red aurorae, which sometimes appeared, originated
from a red line, which, however, in spectrographs of greater dispersion, appeared to
be a red doublet.

Some of the forbidden lines from the metastable states of neutral and singly ionized
oxygen and nitrogen are given in Table I.

Table I
OI (Terms) A Life Time OII (Terms) A Life Time
1D, —1S, 5577.35 0.78 sec 2Dafs—2P,/, 7330
3P,—1D, 6300.3 145 sec 4853 —2Dy/, 3729 20 sec
2 \sp,—1D, 6363.8 455 sec € \8Ss/5—2Ds/, 3726
3P, —18, 2958.3 485 /a—2Py/, 2471
NI (Terms) A Life Time NII (Terms) A Life Time
[4Safa—2D5/s 5200.1 1D, —1S, 5755 0.93 sec
1483/2—2D5/, 5197.8 13 sec 4 3P,—1D, 6548 250 sec
483/a—3P  o5/s 3466.5 260 sec 3P,—1D, 6583 250 sec
2Dg/y—2Py/, 10398 27 sec 3Py, —18, 3070 29 sec
2D,/y—2P; /s 10407 3p,—1§, 3063

The green line and the red doublet of O and the ultra violet line and the (green)
doublet of NI, have been subject to investigations of great interest for the analysis of
the composition of the neutralized auroral bundles, the physical properties of the
metastable states of the neutral O- and N-atoms, and the excitation of these forbidden
lines. In the case of OII, the doublet, but not yet the line 7330, has been observed in
the aurorae, perhaps for the reason that the plates used have not been sufficiently
sensitive in that region.
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The OI and M lines and especially the doublets are very variable. In papers
published in 1936—38 it was shown that the red OI-doublet compared with the green
OI line was greatly enhanced towards greater altitudes. [23].

A comparison between spectrograms obtained by means of comparable instruments
and plates at Oslo and Tromse had indicated that the red OI doublet is relatively
enhanced towards lower latitudes.

From 1938 to 39 two instruments equally constructed and adjusted were used
with the same sort of photo-plates at Oslo and Tromsa. At both places a considerable
number of auroral spectrograms were taken with the following results [24]:

a. The average intensity of the red O doublet (6300, 6364) relative to the {NLIN)
band 4278 came out about three times as great at Oslo as at Tromse.

b. The green OI line was also enhanced towards lower latitudes, but not so much as
in the case of the red doublet.

c. The enormous enhancement of the red doublet towards lower latitudes entails that

the red aurorae of type 4 are more frequent and stronger towards lower latitudes
[27, 24, 18].

These variability effects of the forbidden OIlines were found to be simple conse-
quences of the auroral theory based on the “coronal effect of solar X-rays” and the
auroral electron bundles neutralized with positive ions (mainly protons).

The enhancement of the red doublet with altitude is just a consequence of
the fact that the protons (and other positive ions) stop at a greater height (hy)
than the primary photo-electrons, reaching down to the lower limit of the aurorae
at (hy). :

The enhancement towards lower latitudes is a consequence of the relative increase
of the proton flux, which means greater velocity and increase of the magnetic stiffness
of the protons resulting in diminuition of latitude or increased distance from the
magnetic axis point. Cir. [27], [18], [19] (§ 14, 15, 16), [20], point 3 (a, b, ¢), fig. 1
and table I, and [21], point 8, table 8.

Now the behaviour of the forbidden lines NI of table 1 is found to be very similar
to the corresponding ones of the green line and the red doublet of OL

At Tromsg and partly also in Oslo, the NI doublet (mean A = 5199) appears
near the band NYIN (0—3) 5228, and a group of OF bands near 5250. On spectro-
grams of small dispersion the features appeared as a diffuse line, at first called “the
second green auroral line”. With greater dispersion, however, this second green line
was split up into the sharp OI doublet 5199, and to the N§ and O} bands.

It soon appeared that the green NI-doublet was very variable, and, like the red 01
doublet, it was greatly enhanced towards low latitudes. This effect is clearly seen by
comparing the two spectrograms [17], pl. I, No. 1 and No. $ from Tromss with No. 4
from Oslo.

With regard to previous investigations of the properties of the forbidden Nines,
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we may refer to [19] section 22: “Correlation between the intensity variations of the
forbidden WNI-lines and that of the proton flux.”

In the paper we are now preparing for publication, the work on the properties
and the variability of forbidden lines, will not merely be devoted to OI, but perhaps
quite as much to the green NI doublet near the group at region 5197 to 5250.

4. Results regarding the use of the three spectrographs «V*’, “F”’ and <C”’.
In the previous paper [21] all spectrograms were taken with photographic plates which
were sensitive to red. With the exception of a few (Kodak 103 a—F) plates they were
taken with Kodak 103 a—E plates which were very sensitive to H, and the red OI-
doublet, and were found to be very favourable for the study of the effect of protons
(H-lines) on forbidden Ol-lines.

On the other hand, the sensitivity was very small on wavelength (5199) near the
NI-doublet, and for the study of the variability and behaviour of this doublet.

‘A considerable number of spectrograms was therefore taken with Kodak 103 a—]J
plates. These had, however, the drawback that they were not sensitive in the red part,
so the spectrograms could not give any direct information regarding the enhancement
of H, and the red OI-doublet or of the appearance of red aurorae of type 4. Their
appearance had to be followed by visual observations of the auroral display.

All successful spectrograms for each spectrograph were in the usual way reproduced
on an enlarged scale on plates, each of which was followed by an explanation regarding
slit, kind of plate, date and duration of exposure, and remarks regarding the auroral
display.

In the explanations and in connection with interpretations of auroral features, we
use the abbreviations given in Table 2.

Table 2.

List of abbreviations.

Aur: Aurorae.
St.: Strong.
We.: Weak.

V.st.: Very Strong.
V. we.: Very weak.
Type A: Red aurorae of type A.

Type B: Red aurorae of type B.

Cor.:  Corona.

A, B, D, R, Puls, Fog: Arc, Band, Drapery, Rays, Pulsating, Foggy.
AU, BU, DU etc: Upper part of A, B, D, etc.

AL, BL, DL etc: Lower part of A, B, D, etc.

EL ex.: Electron Excitation.

Pr. ex.: Proton Excitation.

NSEW: North, south, east, west.

Magn. Z: Magnetic zenith,
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5. Spectrograms taken at Tromse with the spectrograph “V’’ and the
results obtained with it.

a. The “V”-spectrograms, taken on Kodak 103 a—E. The 5 “V”-spectrograms taken
on E-plates are reproduced on P1. I —a, with explanations. Two enlarged reproductions
of the long-wave part from (5577 to 6773), and taken from Pl. 1—a No. 4 and 5, are
shown on fig. 1. These spectrograms are copied with the greatest intensity on the part
to the left. The distinct features are marked with lines provided with corresponding
wavelength values. The comparison spectrogram is shown on the section to the right.

NILO

01 8364
i 01 6300

‘ OI 6157

0l 6046

| N« D,D,

015577

NI 6273
NI 6238

NI 6069

NI 5859

NI 5686
NI 5680
NI 5676

OT 6364
0TI 6300

oL 57 |

0T 6046

Na DD, ————

1-a
01 8577 —l

— He
NI 6485

— NI 6273
~ NI 6238

— NI 6069
NI 6008

T NI 5830

= NI 5753
NI 5636
= NI 5680
NI 5676

4

Fig. 1

Wavelength measurements have only been carried out for the four strongest
spectrograms Nos. 1, 2, 4 and 5 of plate 1—a. The results are given in Table 3a, which
also includes the intensities (1) of the features, which are sufficiently strong and distinct
for intensity measurements. The last wavelength column contains corresponding
auroral features from previous observations [cf. papers 15, 17, 19].

The determinations of (1) and (I) have been carried out by using a Knorr-Albers
registering photometer.

The number of features amounts to about 310, of which about 18 have not been
previously observed. Most of these have been marked with a dot (e).

The last column gives the possible interpretations, but in many cases several lines
or bands give about equally good coincidence with an observed feature.

It is a matter of interest to notice that a number of features gives remarkably good
coincidence with OIII and NIII-lines.

From the plate I—a and the Table 3a it will be seen, that the forbidden OI lines
(5577, and the doublet 6300, 6364) usually have been too heavily exposed for intensity
measurements, In the case of the NI doublet (5199) the spectrograms on pl. I—a, Nos.
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Table 3a.
Results from 4 ‘““V”’ Spectrograms on Plate I —a.
Sp. No. 1 * > Prev. Interpretation
A 1| a4 1| 4 1| 2 1 | obs
3883.8 3883.9 3883 OII (82.4, 83.2)
3886.8 87.8 87.8 | V.K. (0—11) (87.8)
S. R. (3—19) (87.6)
3914 str. | 3914 str. | 3914 str. | 3914 str. | 3914 NFIN (0—0).
S. R. (1-18) (12.8)
40.7 38.6 V. K. (7—16) (39)
44.6 45. OII (45.0)
47.0 47.2 | V. K. (4—14) (47.8)
48.0 Ol (47.3, 47.5, 47.6
50.2 50.8 49.0 | NOg (2—13) (49.8)
52.8 54. OII (54.4) OI (53.1,
53.0)
55.9 55. Ol (54.7, 54.6),
NII (55.9)
58.2 3.5 _ NI (57.2)
61.7 61.6 62.0 1.1 61. NOg (2—13) (62.7)
72,7 73.4 0.9 73.4 | OII (73.2)
82.6 83.3 0.8 82.5 | OII (82.7)
84.6 1.1 85.5 | OII (85.5)
95.5 95.0 1.4 94.2 1.7 95.0 | NII (95,0),
NI (94.9)
96.5 L5 97.9 2.8 97.1 2.5 96.5 1.8 97.3 | 2P (1—4)
98.7 0.7 NIII (98.7)
4002.9 )
03.8 4005.8 | NIII (03.6)
4010.7 10.7 | NI (11.0)
36.3 0.5 36.6 | NI (37.4)
4041.5 41.3 1.0 41.2 | NII (41.3),
OII (41.3),
NOp (0—12) (41.8)
43.4 0.5 43.2 | NII (43.5)
45.8 0.6 45.0 | OII (45.0),
NII (44.8),
S.R. (5—21) (44.8)
46.6 46.7 0.9 47.0 | OII (46.2)
53.1 0.7 52.6
54.9 0.6 53.6 | OII (54.1), (54.6)
4057.1 57.0 | NII (57.0)
57.6 1.4 58.5 2.2 58.6 2.1 58.4 1.9 58.5 | 2P (0-3) (59)
71.8 0.8 72.2 | OII (72.2), V. K.
(2—13) (71.7)
75.4 74.8 0.9 75.9 | OII (75.9)

OII (78.9)
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Table 3a (cont.)

11

2 * > Prev. Interpretation
I 2 I 2 I 2 1 | ©bs
97.7 | OII (97.2, 97.3)
993 0.6 2P (7—11), NI (99.9),
41015 06 } 9.7 1 NI (01.7)
4102.9 4103.0 | OII (03.3), NI (02.2)
182 0.7 18.3 | OII (19.2)
335 04| 318 05 33.0 | OII (32.8), NII (33.7)
40.1 0.9 40.1 | NFIN (4—5)
42.7 | OII (42.0, 42.1, 42.3)
455 | NI (45.8), NII (45.8),
V.K (6—16) (45.7)
52.9 53.3 | OII (53.3)
770 05 76.2 | NII (76.2)
89.8 0.5 89.7 | OII (89.8)
94.7 0.7 93.5 | OII (92.5), NI (93.5)
42000 1.6 | 4200.1 1.0 | 981 1.3 99.7 | NAIN (2—3),
2P (2—6),
NOg (2—14) (00.7)
056 0.3 4205.1 | NI (05.7)
42098 0.7 08.2 | NI (09.1)
150 03] 151 06 15.1 | NI (14.7, 15.9),
NOg (2—14) (15.2)
191 04| 183 09 19.1 | V. K. (0--12) (18.3)
251 L5 24. | NI (24.7)
1.0 276 14 26.5 | NII (27.8),
S.R. (5—22) (27.4)
294 1.3 29.0 | NI (29.6)
89| 361 95| 360 57| 360 6.4 36.2 | NTIN (1—2),
NII (36.9, 37.0)
413 411 07| 415 14 41,5 | NII (41.8)
str. 79.0 str. 71.8 str. 76.1 str. 78,0 | NFIN (0—1)
911 05 92.2 | OII (92.1)
93.5 94.4 | OII (94.7),
S.R. (1—20) (92.2)
4314.2 4313.5 | NI (13.1), OII (13.4)
4318.2 0.7 | 43163 0.7 17.8 | OII (17.2, 17.7),
NI (17.7)
19.0 19.2 | OII (19.9),
V.K. (1—13) (18.8)
21,1 03 21.3 | NI (22.0)
43278 0.6 26.3 | OII (27.5, 27.8, 28.6)
328 0.3 31.3 | OII (31.8, 31.4)
36.2 368 0.8 37.0 | OII (36.9), NI (36.5)
39.7 09| 387 04| 380 0.6 39. | OII (40.3)
415 421 1.2 42. | OII (42.0)
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Table 3a (cont.)
Sp- No. 1 2 * > Prev. Interpretation
i 1 2 I A I P 1 | obs
439 10| 435 10 4.7 10 43.8 | OII (42.8, 43.4),
9P (0—4) (43.6)
4.7 0.9 455 0.9 46.7 | OII (45.6, 44.3)
479 05| 472 10 48. | OII (47.4)
483 05 49.0 | OII (49.4)
51.6 510 10| 505 13 51.0 | OII (51.3)
43578 11| 582 10| 584 15| 582 19 58.0 | OII (58.5, 57.3),
NI (58.3)
62.5 03 °
67.4 44| 686 25| 688 31| 685 4.l 68.3 | OI (68.3)
77.2 : 77.4 | OII (78.0)
78.1 797 0.5 78.8 | OII (78.4)
87.5 85.9 0.6 88.0 | NOg (1—14) (86.0)
95.1 08 97. | OII (96.0)
44112 1.6 44114 | S.R. (9—25) (11.3)
135 1.7 | 44153 1.5 4142 24 15.1 | OII (14.9)
44165 1.8 _ 16.7 | 2P (3—8), OII (17.0)
23.0 08 92.6 | S.R. (5—23) (22.3)
25.9 94.2 940 | V.K. (2—14) (24.0)
2.6 0.8 97.3 | NII (27.2)
3.1 0.9 NII (31.8)
332 05| 326 0.8 326 | N1I (32.7, 33.5)
35.5 0.4 e | OII (34.2)
50.7 0.6 514 | OII (52.4)
644 05| 669 09 66.0 | OII (66.3, 65.5),
NII (65.5)
68.9 0.8 67.8 | OII (67.8),
NFIN (6-8)
82.4 0.7 82.8 | OII (82.9)
853 0.7 84.6 | NI (85.1)
87.9 03| 876 06 88.2 | OII (87.7)
885 0.6 OII (88.2), NII (88.2)
89.4 0.7 8.2 | NIIN (5-7) (89.0)
4528.1 4529.3 1.1 [ 45315 0.5 | 4530.2 0.9 | 4530.8 | NII (30.4),
N+2N (9—2) (30)
329 13| 331 06| 328 08 32.8 | V.K. (3—15) (34.2)
456 0.7 47.0 | NF2N (9—2) (45)
5.1 0.9 49.8
521 14| 510 03| 521 08 52.0 | NII (52.5)
543 0.4 53.1 | N7IN (3—5),
NI (54.2, 53.4)
66.3 0.7 65.0 | NII (64.8)
733 03| 728 08 9P (1—6) (73.0)
742 08 3.5

NOg (3—16) (74.0)
OI (89.9, 89.0)
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Table 3a (cont.)
Sp. No. 1 2 * 5 Prev. Interpretation
2 1 A 1 P I i 1 | obs
90.5 0.6 91.6 OII (90.9),
925 o0s8|f Bl NOg(3—16) (90.8)
97.6 1.4 95.0 0.8 96.7 | OII (96.1)
98.4 0.5 4600.1 leN 2—4)
4601.5 0.3 | 4602.4 0.8 02.0 | NII (01.5), OII (02.1)
4607.6 0.8 08.2 0.3 08.0 | NII (07.2),
S.R. (7—25) (07.7)
12.7 0.7 14.6 | NII (13.9), OII (13.7)
23.7 22.4 | NII (21.4), OII (21.3)
30.5 0.7 31.5 0.8 31.3 | NII (30.6)

4631.9 1.0 33.9 0.4 33.5 | S.R. (11—-27) (32.2)
421 121 409 25| 418 . 42.3 | OII (41.8), NII (43.1)
51.3 4.6 51.3 6.4 51.3 3.4 51.3 3.9 51.2 N;'FIN (1—-3),

OII (50.9),
NI (51.1)
59.4 1.4 60.3 0.5 60.3 | NI (60.0)
61.8 0.5 61.1 1.2 61.8 | OII (61.7)
63.3 ® | NF2N (10-3) (62)
68.7 1.1 68. 2P (0—5), NI (69.8)
73.3 1.1 71.5 | OI (73.7, 72.8),
OII (73.8),
S.R. (3—23) (72.5)
753 1.3 747 03 NII (75.0)
770 17 ' 765 1.1 714 | o011 (76.2, 77.0)
78,7 1.3 78.9 0.7 78.2 1.1 77.4 | NII (77.9)
4710.3 12.7 | 4708.3 18.0 | 4709.4 10.1 | 4709.6 9.6 4709.1 N;‘IN (0—2)
88.1 87.2 | NII (88.1)
4804.3 1.5 4804.5 | NII (03.3)
48451 1.0 45.5 | NI (47.4)
4855.6 57.0 | OII (56.8)
5831 1.0 | 594 1.1 [OII (60.9)
} 61.4 NII (60.4)]
62.2 60.9 1.1 ng
653 0.7 64.8 | OII (64.9)
69.1 0.4 67.7 1.0 67.0 | NI (68.9)
72.1 1.7 74.5 | OII (72)
96.4 96.4 | NII (95.2)
4901.7 4901.2 1.1 99.2 | V. K. (6--18) (99),
N7F2N (8—2) (00.0)
4912.9 4913.3 NOﬂ (3—17) (12.1)
56.2 0.9 57.0 | N7IN (4—7),
OII (55.7)
60.2 61.1 0.9 61.5 | V.K. (3—16) (61.1)
74.5 2.1 73.0 0.7 73.3 | 2P (4—11)
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Table 3a (cont.)

Vol. XXII.

Sp. No. 1

4

5

Prev. Interpretation
J I 2 I i I A 1 | o©bs
96.2 95.0 | NII (94.4),
S.R. (4—25) (96.7)
5001.4 5001.9 2.3 | 50009 0.7 99.8 1.0 | 50015 | NII (015, 01.1, 97.2) -
5003.6 1.9 02.9 | NII (02.7)
052 1.1 058 1.0 04.8 | NII (05.1)
088 0.9 10.2 | NII (10.6)
13.9 14.0 | NII (16.4, 12.0),
N}IN (3-6)
81.8 2.8 78.0 | N7FIN (2—5),
S. R. (11-29) (75.6)
5165.5 1.7 | 5166.0 | NI (65.8)
5176.5 1.0 77. | NII (75.9), OII (75.9)
5199.3 5199.3 4.6 | 993 18] 993 33 99.5 | NI (4S5, —2D;,)
(97.1)
5201.9 L7 | 5201.8 2.7 | 5201.0 | NI (4S,—*D,p)
(01.6)
05.7 1.7 ® | OII (06.6)
5227.9 36| 305 17| 312 22 28.2 | N}IN (0—3) (28),
NI (27.0)
348 1.0 34.0 | V.K. (5—18) (30.4)
493 L1 50.3 1.9 50.0 | S.R. (4—26) (49.3)
57.3 1.5 57.0 | 1P (15—10) (57),
OFIN (4—2)
53245 2.5 5321.2 | 1P (13—8) (24),
NII (21.0)
5353.7 5354.0 1.4 54.4 | NII (51.2)
612 2.3 58.6 | NI (60.1)
5484.5 3.4 5487.5 | OI (86.6),
NFIN (4—8) (88)
5512.8 1.4 | 5511.6 | OI (12.7)
190 16 16.7 | 1P (8—3) (16),
NI (19.4)
5522.2 21.0 | OFIN (5—4), NI (24)
S. R. (4—27) (20.3)
28.1 L7 31.0 | NI (30.3), NII (30.3),
V.K. (7—20) (29.5)
5535.3 2.0 38.2 | OFIN (4—3)
418 16 43.9 | 1P (7—2) (41),
NII (43.5)
48.1 483 15 1P (7—2) (46),
NII (52.0),
S5 NI (51.4)
52.9 1.7 ’ S.R. (7—29) (49.8)
555 1.8 55.0 | 1P (7—2) (54),

OI (54.9)
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4 > Prev. Interpretation
A 1 A I i 1 | obs
5577. st | 77 stn.| 77.  ste.|  77. | OI ((D,—1S,)
943 30| 969 | OFIN (1-0),
1P (6—1) (92.9),
1P (15—11) (95)
56045 2.2 | 56055 2.5 | 56018 | OFIN (1—0),
V.K. (0—15) (05.6),
NI (04., 00.3)
105 1.9 09.8 | OFIN (1-0),
1P (5—0) (12),
NI (11.3)
15.3 1P (15—11) (15)
171 18| 178 2.1 16.7 1 o0+1N (1—0),
NI (16.5)
227 21| 213 | OFIN (1-0),
1P (5—0) (20),
NI (23.0) (18.0),
S.R. (2—26) (20.8)
254 16 25.8 | OFIN (1—0),
1P (5--0) (25)
3.0 11| 306 L7| 303| OFIN(1-0),
1P (5—0) (33)
66.7 0.5 66.5 | NII (66.6)
5668.3 1.2 °
56768 2.6 NII (76.0)
814 26| 807 14| 809 18| 798| N1 (79.6)
840 1.7 1P (13—9) (85)
886 0.9 862 N1 (86.2)
93.5 05 91.3 | 1P (13—9) (92)
57011 0.6 | 982 | 1P (13—9) (99)
13.0 08| 5710.4 | NII (10.8), NI (10.7),
1P (13-9) (06)
57443 1.7 45.6 | NII (47.3), NI (47.3),
1P (12—-8) (43),
S. R. (0—25) (45)
530 16| 57547 08| 559 10| 538 | IP (12—8) (55),
NI (52.7),
NFIN (1—5) (53),
NII (\D,—1S,)
91.8 0.6 | 918 | NI (93.5, 90.4)
5800.2 1.3 5803.2 0.6 | 58010 | 1P (11—7) (97),
NI (03.3)
58083 05| 064 0.7 069 | 1P (11—7) (04)
2.2 04 ® | S.R.(7-30) (24.3)
2.7 06| 287 27.4 | NI (29.6)




16 L. VEGARD Vol. XXII.
Table 3a (cont.)
Sp- No. 1 2 4 > Prev. Interpretation
i I i I i I i 1 | obs
33.3 08 31.3 | 1P (10—6) (33),
NI (34.8)
35.7 1.9 36.8 | S.R. (1—26) (39.1)
43.7 0.9 40.7 1.0 43.9 1P (10—6) (40),
NI (41.1)
487 11 ® | 1P (10-6) (48)
540 11 52.1 | 1P (10—6) (54),
NI (54.1)
59.7 582 0.9 50.0 | NI (56.1)
66.3 1.4 65.6 | N}IN (0—4) (66)
69.9 1.1 70.6 1.5 70.3
78.7 1.3 77.9
5886.0 2.4 | 860 55| 862 18 87.6 | 1P (9--5) (84)
90.5 2.4 92.3 5.7 94.5 3.2 91.8 4.1 92.2 | NaD;D,,
[P (9—5) (92)
98.0 3.0 96.6 | NI (98.2),
1P (9—5) (99)
5904.9 5905.0 1.6 5903.3 | NI (05.5)
5908.0 1.3 | 08.1 08.3 | 1P (9—5) (06),
S.R. (5—29) (09.4)
957 14| 27.1 | NI (27.5), NII (27.8)
29.7 1.3 32.0 | NII (31.8), NI (31.2)
36.6 357 14| 360 20 36.9 P (8—4) (36)
59535 15| 506 24| 494 13| 514 L7 51.0 ( 4) (51),
I (5L.1),
NII (52.4)
609 25| 600 3.0 58.9 | 1P (8—4) (59),
NI (58.8),
NII (60.9)
71.8 3.3 69.0 O;FIN (1-1)
74.7 3.9 72.8 74.7 O,‘_le (1-1),
NI (72.1)
781 25| 782 2.5 76.6 | OFIN (0—0)
82.7 1.0 84.3 3.9 83.8 2.6 82.7 2.9 84.2 O;“IN (0—0)
87.2 87.1 | OJIN (0—0),
NI (87.5)
89.1 2.9 91.4 90.5 O;"IN (0-0),
1P (7—5) (91),
OI (91.9, 91.3)
94.6 2.9 93.5 | OI (95.3, 93.2),
OFIN (0—0)
97.8 1.1 | 6000.6 3.9 97.0 98.0 Oj‘lN (0-0),
NI (99.6),
1P (7—3) (99)
O'?"IN (0—0)
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Table 3a (cont.)
Sp. No. 1 2 * > Prev. Interpretation
A I 2 I 2 1 2 1 | obs
6008.7 1.4 074 27| 080 | 1P (7—3) (07),
NI (08.4)
107 28| 144 23 12.4 | 1P (7—3) (14,
NI (12.0),
S.R. (6—30) (10.7)
17.7 16.5 168 | OFIN (0—0),
NI (17.7, 15.4)
29 14| 23 L5 | OfIN(0-0)
285 13 01 SR (3-28) (27.7)
36.1 1.2 °
40.5 382 1.9 385 L1 39.8 | OFIN (0—0)
464 23| 435 16| 442 | OI (46.5, 46.2),
NI (44.8)
509 26| 492 | 1P (6—2) (47)
53.2 53.8 | 1P (6—2) (55)
60.7 1.9 613 17| 609 | 1P (6—2) (63),
NI (61.9)
67.0 16| 671 16 70.1 | 1P (6—2) (70),
NI (69.0)
754 0.7 78. | NI (75.7)
97.7 11 97.5 | 1P (5—1)
61023 17| 6103.4 | IP (5—1) (03)
61056 1.1 | 61051 3.5 06.5 09.8 | OI (06.3)
6110.7 22| 102 22 09.8 | 1P (5—1) (11)
‘ 157 2.1 S. R. (7—31) (16.0),
19.3 190 | 1p (5—1) (20
23.9 38| 279 21| 240 22 26.9 | 1P (5—1) (27),
V. K. (7—21) (23),
S. R. (4—29) (24)
32.6 °
37.3 37| 374 22| 367 29 35.6 | NII (36.9),
N+2N (8—4) (36)
43.9 °
582 35| 574 23| 573 26| 571 IP (4—0) (60),
OI (58.2, 56.8,
56.0)
61.4
67.1 1.8 63.8 633 | 1p (12—9) (62),
N+2N (8—4) (64)
756 21| 724 13| 757 749 | 1P (12—9) (75),
S.R.(1-27) (76.5),
NII (73.4)
83.3 829 09| 809 09| 841| 1P (12—9) (85),
(4—0) (85)
87.9 °
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Table 3a (cont.)
Sp- No. 1 2 * > Prev. Interpretation
A 1 A 1 A 1 2 1 | obs
96.4 ®
6223.3 6222.0 | NI (24.1),
S.R. (5-—30) (21.5)
6239.4 13| 371 0.6 |62383 0.9 38.8 | NI (37.5),
1P (11—8) (38)
42.6 0.6 41.4 43.8 | NI (43.2),
1P (11—8) (44)
49.9 04 519 | 1P (11—8) (53)
6260.7 59.0 60.4 60.8
65.6 65. | OI (64.6, 66.9)
72.0 1.9 71.5 73.0 1.7 71.8 | NI (72.8),
S.R. (2—28) (70.2)
77.3 76.0 | NI (75.5)
98.8  str. | 6301.1  str. | 6300.3  str. | 6301.0  str. | 6300.3 | OI 2P (SP,—1D,)
6318.9 16.8 18. | 1P (10—7) (14)
28.7 22.8 20.7 | 1P (10—7) (23),
NI (21.7)
31.6 29.6
63.8  str.| 63.8 str.| 638 str.| 63.8 st 63.8 | OI 2P4 (*P,—1D,)
78.8 80.5 83.8 81.4 | NI(78.0) O IN(0—1)
1P (9—6) (85) (78)
87.3 89.0 °
93.0 91.9 | NI (93.6)
96.1 98.0 | OFIN (0-1),
1P (9—6) (95)
6412.7 6414.7 6418.2 6417.0 | OIN (0—1),
NI (17.1)
33.9 6436.7 35.0 38.5 38.6 | NI (37.3)
40.8 42.0 | 1P (8—5) (43),
NF2N (5—2) (44)
50.0 53.3 50.5 52.9 56.0 | OI (53.6, 54.5),
1P (8—5) (52)
59.6 62.2 62.0 61.8 | 1P (8—5) (60)
65.8 68.0 | 1P (8—5) (69)
77.9 75.1 81.3 79.3 | NII (82.0),
NF2N (5—2) (75)
83.2 85.5 | NI (84.9)
6506.2 6506.1 | NI (06.0), NII (04.9)
6509.1 6511.4 11.1 11.9 | NI (10.3)
25.6 95.8 NII (22.3)
28.6 } 249 | 1p (7—4) 27),
NI (28.4)
30.0 33.2 32.4 | NII (33.0)
37.4 37.5 ® | 1P (7—4) (36)

1P (7—4) (45)
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Sp- No. 1 ¢ > Prev. Interpretation
P 1 1 A 2 obs.
|
55.0 l 534 545 | NII (54.7), H,
81.6 86.5 6585.0 83.3 83.3 | NII (83.4),
2P% (3P, —1D,),
forbidden
93.3 98.1 95.7 92.6 | 1P (6—3) (97)
99.9 ®
6629.2 6630.0 | NII (30.5),
NF2N (6—3) (24)
40.1 ®
45.2 49.0 NI (46.5)
52.3 ® | OI (53.8)
6654.5 56.5 55.2 | NI (56.6),
N+2N (6—3) (57)
6659.6 60.1 ®
6662.3 65.9 OII (66.9), NI (66.8)
77.3 78.1 77.5 745 | 1P (5—2) (77),
OIlI (78.2)
92.4 91.7 92.6 93.5 | 1P (5—2) (94)
6700.9 98.7
14.9 ®
6741.1 41.9 6742.9 | NI (41.3)
478 485 | 1P (4—1) (56)
63.6 63.3 | 1P (4—1) (68)

2,4 and 5 have been measured, but show only small variations. This is probably due
to the long exposure (cfr. explanation to pl. I—a), where intensities are measured
from the same locality.

b. The “V**-spectrograms taken on Kodak 103 a—F. With the “V”-spectrograph seven
spectrograms were taken on 103 a—]J plates, and reproduced on Pl. I —b.

Wavelength values were measured for the features from the spectrograms Nos. 6,
9, 10 and 12 on pl. I—b and given in table 3b.

On these four spectrograms, the intensities (I) were determined for those features
which could be distinctly observed. The J-plate is practically insensitive in the region
for which 1 > than that of the green line (5577). Consequently, the lines H,, the red
OI-doublet and a great number of known auroral features in the long wave region
did not appear on the spectrograms.

Fig. 2a and b show a Knorr-Albers photometer curve of spectrum 6. The numbers
indicating some of the most prominent lines which refer to the outer left column in
Table 3b.

We want especially to call attention to features that appear in the region between
the band 4709 and the strong green auroral line 5577. Within this region we first of
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all notice the green forbidden N7 doublet (5199.5, 5201), the negative band NTIN
(0--38) (5228), the negative oxygen bands (O3IN), the group of NI lines near 5001,
and the quite intense Hg-line 4861.

From previous investigations it is known that the forbidden NI doublet shows
great relative variability, which will be subject to more detailed studies in connection
with spectrograms taken with the “F -spectrograph on Kodak 103a—]J plates.

In spite of the absence of the long wave part, the observed number of features was
about 340, which is even somewhat greater than that found from the spectrograms
taken on the E-plates. About 45 lines and bands were not previously observed. Most
of them are marked with a dot (e).

The F-spectrograms showed about the same average intensities of the forbidden
NI doublet. With the exception of the weak spectrogram No. 7, all the other 6 showed
the Hg-line quite distinctly.

We have already in previous papers drawn attention to the fact that the forbidden
NI-doublet (5199) showed variations similar to those of the red OI doublet, and that

the NI doublet was enhanced through the excitation of protons, which also means
emission of H-lines [19, 20].

6. The ionospheric temperatures determined by auroral (N}IN)-bands
taken with the «“V’’-spectrograph. With regard to the procedure to be followed by
determinations of temperatures by means of auroral bands, we refer to papers [5, 28,

19, 21, 29].
The temperature can be found by the formulae (1a) or (1b):

T, =29K, (2K, + 1) (1a)

where (X,,) is the rotational quant number corresponding to maximum inteunsity of
the R-branch, or from equation (Ib):

logyy (Ix/K) = —# (E+ 1) K (1b)
Iy is the intensity of the line at the rotational quant number £, and:

__ h%logf
= (2)

k is Bolzmann’s constant, j the moment of inertia of the N7} ion in the excited state.
This gives the temperature:

1.286

%

T, =

%

(2b)

T,, should be equal to T, provided the Intensity distribution follows Maxwell’s law,
and that the rotational components are separated on the spectrograms. These con-
ditions, however, are usually not strictly fulfilled.
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Table 3b
Results from 4 “V*’-Spectrograms on Plate I —b.
Sp. No. 6 10 12 Prev. Interpretation
P I 2 I P 1 P 1 | o
3881.1 3880.5 | NOg (1—12) (80.7)
859 3885.7 3885.1 3885.7 85.0 | N,TIN (1—1) (84.3)
89.1 87.8 | V. K. (0—11) (87.8),
S.R. (3—19) (87.6)
3914 3914 3914 3914 3914 N, +IN (0-0),
S.R. (1—18) (12.8)
30.4 30.5
1 398 0.5 38.6 | V. K. (7—16) (39.0),
NIII (38.5)
2 428 10| 422 11 42.0 | 2P (2—5) (43.0),
NII (42.8)
44.1 0.3 45.0 | OII (45.0)
477 1.3 472 | V.K. (4—14) (47.8),
OI (47.3, 47.5,
47.6)
52.5 1.1 OI (53.1, 53.0, 52.0),
54.0 OIII (51.8)
54.8 534 1.2 OII (54.4), OI (547,
54.6)
56.2 0.3 55.0 | NII (55.9)
61.9 0.3 60.6 1.1 61.0 NOlg (2—13) (62.7),
OI1I (61.6)
73.7 0.4 74.8 0.9 73.4 | OII (73.2)
776 0.4 78.2 77.9 | V. K. (1—-12) (77.9)
79.8 79.0
80.8 04 80.8 81.0
825 04 82.5 | OII (82.7)
3 870 0.6 88.7 87.5 | S.R.(2-—19) (87.1}
4 904 89.9 89.1
92.0 91.5
5 929 0.8 92.7 1.0 93.5 92.9 92.6
95.0 1.3 95.0 1.2 94.8 95.0 | NII (95.0), NI (94.9)
6 979 3.2 97.6 2.4 97.4 2.3 97.9 2.2 97.3 | 2P (1—4) (98.4),
NIII (98.7)
4004.3 4005.8 | NIII (03.6)
37.5 4038.4 0.6 36.6 | NI (37.4)
415 0.5 NII (41.3), OII (41.3)
7{ 4.5 05 .21 Nog (0-12) (41.8)
438 0.4 4042.7 43.2 | NII (43.5)
NII (44.8),
444 04 5.0 | U5 R (521) (448)
46.0 0.3 OII (45.0),
V.K. (5—15) (44.4)
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Table 3b (cont.)
Sp- No. 6 10 12 Prev. Interpretation
i 1 P I ) I p 1 | obs
8 471 06 470 | OII (46.2)
4049.0 0.8 | 4048.1 0.8 | 40475 0.8 | 48.1 | OII (48.2)
50.3 0.6 | 505 0.6
51.4 51.5
527 06| 529 06 53.3 52.6
9 538 06 OII (54.1)
551 0.6| 553 0.6 536 | o11 (54.6)
5.2 06| 5.9 10 57.0 | NII (57.0)
10 582 27| 586 21| 587 23| 586 16 58.5 | 2P (0—3) (59)
70.0 0.3 705 0.8 70.5 | OII (69.9, 69.6)
11 71.8 06 722 0.7 72.2 | OII (72.2),
VK. (2—13) (71.7)
73.3 0.5 73.0 | NII (73.1),
OIII (73.9)
12 764 0.6 756 75.9 | OII (75.9)
80.6 0.3 78.4 79.1 | OII (78.9),
OIII (81.1)
82.9 0.3 82.1 82.8 | NII (82.3, 82.9)
84.8 0.3 84.3 | OII (84.7, 83.9)
85.4 0.7 85.5 | OII (85.1)
86.7 0.3 86.4 | OII (87.1), NII (87.4)
94.4 93.5 | 2P (4—8) (94.8),
OII (94.2)
9.1 0.4 95.3 | OII (95.6, 96.2, 96.5),
S.R. (1—19) (95.8)
99.0 9P (7—11)
4100.6 0.3 9.7 | NI (99.9)
12.5 4112.0 | OII (12.0)
41198 05 183 | OII (19.2)
20.5 20.7 05 OII (20.6, 20.3)
22.2 210 | o171 (21.5)
24.8 24.7 | NII (24.1),
OLII (25.5)
26.5 0.4 o | NOg (1—13) (27.9)
41283 04 30.3 | OIL (29.3), NI (29.2)
411 05 41.0 | OII (40.7),
9P (3—7) (41.8)
42.2 42.7 | OII 42.0, 42.1, 42.3)
46.2 455 | NI (45.8), NII (45.8),
VK. (6—16) (45.7)
55.3 56.5 | OII (56.5), NII (56.8)
60.9 0.3 60.0 | NII (60.8)
657 03 65.7 | NI (66.6)
68.5 0.5 68.5 | N,*IN (3—4) (67),

Nal (67.8)
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Table 3b (cont.)

Sp. No. 6 ? 10 12 Prev. Interpretation
A I 2 I A I A 1 | obs
69.4 05| 693 69.8 0.6 69.0 | OII (69.3),
VK. (3—14) (69.9)
70.5 04| 712 7.6 0.7 715 | NII (71.6)
54 0.4 745 0.6 74.2 | NII (73.5, 73.7),
13 S.R. (2—20) (73.1)
762 05| 771 76.2 | NII (76.2)
80.3 0.4 NI (80.0), NII (79.7)
810 0.4 } 80.2
14 897 07| 893 04| 9.0 05 89.7 | OII (89.8)
9.4 05 935 09| 944 93.5 | OII (92.5), NI (93.5)
956 05| 9.7 08 NIIT (95.7)
9%6.4 06| 9.8 10 } 98 | o11 (96.3, 96.1)

99.9 15| 998 11| 989 1342002 12 99.7 | N,+IN (2—3),
2P (2—6) (00.5),
NO g(2—13) (00.7)

4205.4 0.3 | 4204.6 4205.1 | NI (05.7)
064 0.4 06.5 06.1 | NI (06.3)
09.5 0.3 4208.2 0.6 | 09.3 08.2 | NI (09.1)
125 0.4 | 124 1.1 07 125 0.8 11.6 | NI (13.0),
S.R. (0—19) (13.6)
15.6 0.6 15.1 | NI (14.7),
NOg (2—14) (15.2)
16.3 0.6 160 08| 163 08 15.5 | NI (15.9), NIII (15.7)
175 06| 169 17.6 | OI (17.1)
18.1 19.1 | V.K. (0—12) (18.3)
207 08 21.0 | NI (20.8)

36.2 9.8 36.2 str. 36.2 7.4 36.2 6.3 36.2 | Ny+IN (1--2),

NII (36.9, 37.0)
15 414 2.7 41.5 0.9 41.7 1.2 41.5 1.3 41.5 | NII (41.8)

76.7 str. 77.1 str. 77.8 str. 76.8 str. 78.0 | N,TIN (0—1)
4303.9 4304.1 | OII (03.8),
NOg (3—15) (03.1)
4307.3 04 ® | NI (05.5)
08.9 09.0 | OII (09.0),
NOg (0—13) (09.7)
4314.6 13.5 | OII (13.4), NI (13.1)
16 173 03| 179 05 |43169 07| 17.3 17.8 | OII (17.2, 17.7),
NI (17.7)
17 201 04| 204 05 190 08 19.2 | OII (19.9, 19.6),
V.K. (1—13) (18.8)
213 05| 224 21.3 | NI (22.0), NIII (21.4)
93.4
18 246 0.3 24.6 } 23-1| NI (24.9), NIII (23.9)
30.3 0.4 29.4 | OII(28.6), NIII (28.2,

30.1, 30.4)
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Table 3b (cont.)
5p- No. 6 10 12 Prev. Interpretation
A I A I i I A 1 | obs
19 314 04| 320 04 313 06| 3.7 31.3 | OII (31.8, 31.4)
33.5 05 33.0
357 05| 352 05 351 011 (34.9),
20 . NIII (35.5)
369 04| 367 05| 37.2 06| 366 07 37.0 | OII (36.9), NI (36.5)
382 04| 392 0.5 ' 39.0 | NIII (39.5)
39.6 0.4 410 07 41.0 | H,, (40.5), OII (40.3)
41.3 06| 415 06 42.0 | OII (42.0)
21 437 10| 444 10| 458 10| 439 1.0 43.8 | OII (42.8, 43.4, 44.3)
2P (0—4) (43.6)
473 05| 481 04| 481 06| 485 08 48.0 | OII (47.4),
22 NIII (48.4)
489 06) 500 06| 507 06| 499 0.8 49.0 | OII (49.4)
23 511 09| 5.7 06| 515 08| 515 0.9 51.0 | OII (51.3)
528 06 ® | NIII (53.6)
24 585 07| 583 08| 594 09| 582 1.9 58.0 | OII (59.4, 58.5, 57.3),
NI (58.3).
62.5 0.5 °
25 674 26| 677 15| 691 23| 677 25 68.3 | OI (68.3, 66.9)
78.7 78.8 | OII (78.4),
NIIT (79.1)
26 80.0 80.8 80.3 81.3 | V.K. (5—16) (80.7),
OI1I (79.6)
859 0.4 | 88.4 88.0 | NOg (1—14) (85.7),
‘ OIII (85.7)
9%6.6 0.5 97.0 | OII (96.0)
4406.0 0.5 4405.8 4405.7 | OII (06.0),
S.R. (7—24) (06.7)
11.1 11.4 | S.R. (9—25) (11.3)
27 44159 1.5 154 12| 44155 1.4 157 14 15.1 | OII (14.9)
16.4 172 09 169 1.3 16.7 | OII (17.0),
2P (3—8) (16.7)
200 05 '
o8 { 23.3 0.3 23.0 22.6 | S.R. (5—23) (22.3)
252 03| 243 05 25.2 24.0 | V.K. (2—14) (24.0)
OIII (24.3)
29 290 05| 282 06| 291 27.9 28.8 | NII (28.0, 27.2)
31.0 06 OIII (30.2)
3L9 0.7 32.6 | NII (31.8, 31.5)
328 06 335 05| 331 07 NII (32.7, 33.5)
0.6 340 038 ® | OII (34.2),
OIII (34.4)
40.4 40.5 | S.R. (11—26) (39.8),
OIIT (40.1)
0.3 45.6 46.0 | [G.K. (0—10)]
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Table 3b (cont.)

Vol. XXII.

Sp- No. 6 10 12 Prev. Interpretation
A I A I A I 2 1 | ©obs
47.9 48.7 | NII (47.0)
52.3 51.4 | OII (52.4)
56.4 57.7 | SR. (3—22) (55.5)
65.5 65.6 NII (65.5),
66.0 |  OIL (65.5, 66.3)
66.6 0.5 OII (66.3), NI (66.7)
67.2 0.3 67.3 0.6 N,* IN (6—8) (67)
31 { 68.1 0.4 68.6 68.0 67.8 | 011 (67.8)
73.5 74.1 ® | OIII (74.9)
77.6 76.7 75.7 | OII (77.9, 76.1),
NII (77.3)
83.3 0.3 82.8 | OII (82.9),
32 { OIII (82.8)
86.2 0.3 85.3 84.6 | NI (85.1)
87.4 0.4 87.4 OII (87.7)
33{ 887 03| 887 0.6 OII (88.2),
8.2 | NI (88.2)
89.8 03| 897 07| 9.3 07| 888 N,* IN (5—7) (89.0),
9P (2—7) (90.2),
OII (89.5)
92.3 91.0 | NI (92.4), OII (91.2)
4506.7 0.4 4506.9 | NII (07.6)
4515.6 172 04 | 4517.8 0.6 14.8 | N,*IN (4—6) (15.9)
NIII (14.9)
4523.5 93.9 | NIII (23.6)
29.7 0.4 N,* 2N (9—2) (30),
308 |  OIII (29.7)
34 318 07| 31.0 07| 309 06| 307 06 NII (30.4),
NIII (30.8)
338 06| 323 06| 326 06
35{ 348 0.5 341 0.6 28| vk (315 (34.2)
OIII (34.0),
NIII (34.6)
359 0.4 36.0 0.5 °
389 - 0.6 e | OIII (38.8)
456 04| 464 05 47.0 | N,+2N (9—2) (45),
NIII (46.3)
514 04| 525 0.6 51.2 52.0 | NII (52.5)
36 528 0.5 NI (53.4)
544 05| 55.0 581 05| 537 07 93.1 | N (54.2)
N,+ IN (3—5) (54.1)
OIII (55.3)
55.9 0.4 OIII (55.3)
59.1 0.4 61.0 °

NII (64.8)
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Sp- No. 6 9 10 12 Prev. Interpretation
i I A I A I 2 [ | obs
67.7 0.4 67.3 0.5 °
60.0 03| 686 0.4 70.0 | OIII (69.5)
37 732 05| 734 07| 731 07 9P (1—6) (73.0)
749 05| 749 06| 745 07| 743 06 } 7331 NOg (3—16) (74.0)
8.7 0.5 ® | S.RR.(2-22) (86.6)
89.1 0.4 89.2 | OI (89.9, 89.0)
9.0 0.6 90.7 OI1 (90.9),
} 91.8 |  NOg(3—16) (90.8)
38 922 0.6 92.2 07| 927
9%.5 04| 9.1 05 96.7 | OII (96.1)
4600.3 0.6 | 4600.7 0.5 | 46009 0.7 | 97.0 0.6 | 4600.1 | N,+IN (2-4) (99.7)
0L5 0.6 NII (01.5), OII (02.1)
03.6 0.6 | 4602.3 0.6 } 020 1 vK. (0—13) (03.7)
08.1 08.0 | NII (07.2),
S.R. (7—25) (07.7)
39 102 0.3 10.4 09.6 | OII (10.1, 09.4),
NII (09.4)
40 310 08| 295 08 31.3 | NII (30.6)
41 324 08| 323 07 331 12| 317 09 33.5 | S.R. (11—27) (32.2)
396 1.1| 382 1.0 387 372 0.9 38.7 | OII (38.9)
42.0 14 422 14| 423 | OII (41.8),
NII (43.1),
NIIT (41.9)
513 41| 49.1 38| 532 42| 511 3.1 512 | N,+IN (1—3),
' OII (50.9, 49.1),
NI (51.1)
61.7 06| 613 0.7 OII (61.7)
42{ 62.8 08| 632 06| 627 10| 625 09 } 618 | N,+ 2N (6—0) (62)
68.2 07| 665 09 9P (0—5) (67.3)
69.5 05| 69.8 0.6 706 0.8 } 68.0 | NI (69.8), OII (69.3)
737 06| 732 08| 714 09| 740 08 715 | OI (73.7, 72.8),
OII (73.8),
SR (3—23) (72.5)
» { 779 09| 763 08| 770 1.0 } 174 | O (162, 71.0)
787 1.0 780 09| 781 11| 781 LI 41 NI (77.9)
792 12 °
4709.1 str. | 4709.1  str. | 4709.1  str. | 4709.1  str. | 4709.1 | N,+IN (0—2)
33.5 0.4 e | NI (312, 34.2)
44 517 03 51.5 | NI (50.3), OII (51.3)
7.0 05| 69.6 69.9 | V.K. (5—17) (71.3)
72.5 726 0.4 OI (72.5)
45{ 73.7 0.3 73.5 } 733 | 01 (73.8, 72.9, 72.5)
80.5 0.6 78.0 | NII (79.7),
N,+ 2N (7—1) (78)
83.8 05 82.5 | NII (81.2)
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Table 3b (cont.)
Sp- No. 6 10 10 Prev. Interpretation
2 I A I P I A I | obs
873 0.4 87.2 | NII (88.1)
4811.4 48112 0.5 4812.0 | NII (10.3),
NOg (2—16) (10.0)
4814.0 13.7 | 2P (228) (14.7),
S.R. (9—27) (14.5)
15.5 174 04 16.3 | SR. (2—23) (16.9)
6 { 209 0.3 20.4 ® | SR.(7-26) (21.7)
35.5 36.1 35.5 | V.K. (2—15) (36.2),
S.R.(11--28) (35.4)
35.5 36.1 VK. (2—15) (36.2),
S.R. (11—28)
(35.4)
38.9 0.4 39.0 38.0 | NI (37.8)
458 0.5 45.7 455 | NI (47.4)
52.1 52.6 °
56.0 0.8 54.3 Hg-Dopp-
57.7 574 08| 573 09| 587 11 } 57.0 | OIf (56'8)}1ef band
633 1.0 628 07| 614 0.8 61.4 | Hp
635 0.7 o
66.6 65.1 07| 656 663 0.6 OTI (64.9), NIT (67.2)
69.1 03! 704 0.7 68.4 0.6 } 67.0 | N1 (68.9)
8.1 0.3 NI (81.8),
: NIIT (81.8)
47 { 83.7 832 05 82.9 | N,+IN (6-9),
N,+ 2N (8—2) (82)
862 0.3 862 0.5 86.0 | NI (86.3)
48 9.1 03 9.4 | NII (95.2),
NIII (96.7)
4900.8 0.7 99.2 | V.K. (6—18) (99),
N,+ 2N (8—2)
(00.0)
109 06 4909.0
49152 0.5 4915.4 15.0 | NI (14.9)
{ 168 0.6 | 49184 06| 161 06| 175 17.2 | 2P (1—7) (16.8)
32.9 o
33.9 336 0.6 o
sof 348 03| 366 07| 349 36.3 84.7 | NI (35.0)
| 414 03| 419 42.0 | OII (43.0, 41.0)
58.8 0.4 56.5 57.0 | N,TIN (4—7) (57.9),
51 ] OII (55.7)
60.7 04| 599 05| 509 05| 61.8 61.5 | VK. (3—16) (61.1)
1 63.9 0.4
68.0 06| 657 05| 652 08| 657 07 OI (67.4, 67.9)
52 { 69.4 06| 704 06| 699 0.9 } 66.9




No. 6, 1961.

AURORAL INVESTIGATIONS

Table 3b (cont.)

29

Sp. No. 6 9 10 12 Prev. Interpretation
A I 2 I 2 I ) I | obs
743 0.4 745 07| 732 733 | 2P (4—11) (76.4)
780 04| 782 77.0 | S.R. (1-23) (76.4),
53 9P (4—11) (76.4)
799 0.3 80.2 | OI (79.6)
863 03| 88.1 88.1 0.6 NII (87.4)
90.3 9.0 06| 896 } 90.0 | N1 (91.2)
93.6 03| 940 05| 930 0.7 NII (94.4)
96.1 } 9501 SR. (4—25) (96.7)
97.9 0.9 9.1 0.7 98.7 | NII (97.2)
[ 996 23 } 50015
54150011 2.3 | 50013  str. | 50015 2.7 | 5001.6 1.9 = | NII (01.5, 01.1)
Toso 27| 033 25| o043 23 © 02,9 | NII (02.7)
06.0 2.0| 045 052 24| 047 18| 048 | NII(05.1)
107 05| 117 06 10.2 | NII (10.6, 11.2)
12.1 NII (12.0)
157 08| 167 06 } 140 | N11 (16.4),
N, IN (3—6) (14.0)
177 0.8 193 0.7 18.8 | OI (18.8, 19.3)
06| 221 06| 210 07| 225 07 e | 1P (12-6) (21),
NII (23.1)
0.6 240 0.9 o | 1P (12-6) (25),
NII (25.7)
03| 292 04| 313 07 32.0 | 1P (12—6) (31)
04| 369 04 38.5 ® | 1P (11-5) (36)
0.3 449 08| 456 43.0 | 1P (11—5) (44),
NII (45.1)
464 04 Ol (47.7)
481 04 } 46.5 1 1p (11—5) (48)
0.3 | 52.5 51.2 07 53.5 | 1P (11—5) (54),
NI (51.6)
57.0 e | NI (54.7)
03| 508 05 60.8 59.1 | V.K. (0-14) (59.2),
N,* 2N (5--0) (60)
65.3 0.5 S.R. (2—24) (64.8)
67.9 0.3 } 67.0| NI (67.6)
74.1 | NII (73.6)
753 03| 748 05 NI (75.9),
S.R.(11--29) (75.6)
03| 767 03 7804 N, *IN (2—5) (76.6)
78.7 777 0.5
864 0.5 85.8 | O, 2N (0—11)
80.7 05| 885 06| 889 89.0
04| 915 05| 914 07| 90.1 ® | SR.(5-26) (90.8)
92.1
0.4 %8 06| 952 } 93.0 | V.K. (4—17) (92.4)
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Table 3b (cont.)
Sp. No. 6 9 10 12 Prev .
’ Interpretation
) I A I A I A 1 | obs
949 0.4
5100.2 0.5 | 98.4 °
5102.6 0.4 | 5101.8 0.5 5102.9 °
05.5 5105.0 | NII (04.5)
072 04| 078 03| 068 05| 07.1
1.9 05 } 08.5
15.1 14.7
16.3 } 14.0
194 05| 203 06| 211 06 19.0
23.0 232 04 °
24.0 0.3 249 05 ®
270 04| 281 04| 281 08| 280 °
309 04| 310 06| 312 0.8 32.0 | OI (30.5), NI (30.0)
333 07| 332 08| 324 0.7 ®
59 359 06| 359 07| 350 08| 374 06 ® | 1P (19-14) (37),
NI (37.0)
60 394 06| 407 07| 407 09| 401 06 39.5 | NI (40.8)
438 0.8 e | 1P (19—14) (43),
NT (45.3)
476 1.4 N, IN (1—4) (48.8),
48.1 | NI (48.7)
488 13| 486 14| 488 17| 492 1.2 1P (19—14) (49)
56.3 0.5 556 06| 559 06 53.0 | 1P (19—14) (54),
NT (56.3),
S.R. (3—25) (55.7)
583 05| 585 06| 599 07| 602 06 58.8 | OII (59.9)
61 61.5 05| 623 0.6 622 0.6 NI (62.8)
646 06| 653 07| 649 66.0 | (NI (65.8)
62 69.0 04| 685 04| 692 05| 69.9 67.5 | NI (68.0, 69.6),
NII (68.2),
N,*+ 2N (6—1) (69)
75.7 765 0.5 77.3 77.1 | NI (75.9), OII (75.9)
79.0 78.1 04| 786 NI (79.6), NII (79.5)
80.6 80.0 03| 8L3 80.4 } 80.0 1 N1 (80.9, 81.5),
NII (80.3)
87.8 88.7 03| 888 88.5 NI (87.1, 89.3),
I 93.0 | V.K.(1—15) (88.8)
91.1 91.3 92.3 NI (91.7) (89.3),
N, * 2N (6—1) (89),
NII (90.4)
98.4 48| 975 3.1 52005 40| 982 4.6  99.5 | NI (8,,—D,p,)

(97.1)
NI (*83/2—2Dyya)
(01.6)
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Table 3b (cont.)
Sp. No. 6 10 12 Prev.
obs. Interpretation
A I A 1 A 1 A I
5210.5 0.4 | 5209.7 0.5 07.7 0.5 5209.3 | 1P (17—12) (08),
[OII (06.6)]
149 04 12.8 0.6 13.3 0.7 | 5212.5 ® | 1P (17—12) (13)
172 0.5 17.3 0.6 19.0 17.5 | NI (18.8)
28.2 2.3 28.2 2.8 28.2 3.0 28.3 2.2 282 { N,+IN (0-3) (28),
NI (27.0)
33.9 1.0 34.0 O,tIN (7—5),
V.K. (5—18) (30.4)
1P (16 —11) (33)
375 04 ® | I[P (16—11) (38)
40.7 0.4 39.1 0.7 39.9 0.6 O,TIN (6—4),
42.5 S.R. (1—-24) (41.4)
42.9 0.6
44.1 0.8 44.0 0.6 ® | 1P (16—11) (44)
46.9 0.7 46.5 0.7 48.6 1.1 ®
63 51.0 1.0 50.5 1.1 50.4 1.3 49.6 0.7 O,TIN (5-3),
50.0 S.R. (4—26) (49.3)
52.0 1.0 NOg(3—18) (52.7)
546 14| 553 15| 549 1.5 55.4 1.1 55.4 n S
64{ 576 1.2 57.1 1.5 56.8 1.1 57.0 Ozlpll(\ié‘f_lg)),(w)
59.0 1.0
63.0 0.8 65.0 1.0 62.4 0.9 62.7 0.7 63.0 IP (15—10) (64)
68.7 0.7 68.2 0.8 S.R. (9—29) (67.4),
1P (15—10) (69),
70.4 OI1I (68.1)
70.6 0.6 70.0 0.8 69.6 NOg (3—18) (70.1)
5273.3 0.6 | 5271.8 0.9 5273.4 0.8 NII (72.6),
NIII (72.6)
75.9 0.7 73.9 0.9 | 52774 5275.0 | O,TIN (3—1),
OI (75.1),
1P (15—10) (75)
80.7 81.9 0.6 81.3 | O,tIN (2—0),
NI (81.2)
83.5 0.5 85.0 83.7 | O,tIN (2—0)
89.3 88.5 88.1 ® | O,7IN (2-0),
1P (14—9) (89)
91.5 92.2 91.6 | O,7IN (2—-0),
NI (92.8),
S.R. (7—28) (91.8)
93.9 93.2 ® 1P (14—-9) (94)
97.8 96.1 95.7 96.4 96.4 | O,+IN (2—-0),
NIII (97.9)
5301.4 5301.2 5301.1 | 1P (14—9) (00),
N, T 2N (7-2) (02)
5303.8 ® | NI (04.8)
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Table 3b (cont.)
Sp. No. 6 9 10 12 Prev. ‘
b Interpretation
) A A I A I Obs-
09.2 08.8 5310.3 10.2 ® | NI (09.5,10.6)
12.8 NII (13.4)
15.5 14.6 14.7 15:0 | N1 (15.2), NIII (14.5)
21.8 NII (21.0)
23.9 24.9 2121 1p (13—8) (24),
V.K.(2—16) (25.0),
NI (24.0)
29.3 27.9 OI (29.0, 29.6),
65 { 30.9 | NI (28.8)
31.7 31.4 29.8 29.8 01 (30.7),
1P (13—8) (30),
S.R. (2—25) (32.1)
34.2 35.2 34.5 | NI (34.3),
N,+ 2N (7—2) (34).

The values of K, and of Iy as a function of K were found from photograms ob-
tained by the Knorr-Albers” photometer. In the case of the spectrograms on Pl. I—a,
taken on Kodak 103 a—E plates, the two bands 4278 and 3914 were used. The tem-
peratures obtained by these bands from Plate I—a are given in Table 4a.

Table 4a.

Plate I—a. Kodak 103 a—E.

Band Sp. No. 1 2 3 4 5 Mean I—-a
T, 252 243 247 245 253 248.0°K
4278
T, 231 224 238 231 238 232.4°K
Mean  240.2°K
T, 198 237 234 249 230°K
3914
T, 224 224 224 231 226°K
Mean  228°K

Mean Table 4a

234°K
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Table 4 —b.

Plate I—b. Kodak 103 a—J.

Band Sp. No. 7 8 10 11 12 Mean I-b
7, 246 248 244 222 231 238°K
4278
T, 242 238 231 220 216 229°K

Mean 233.5°K.

Total mean 233.7°K

On the spectrograms from Pl. I—b, taken on Kodak 103 a—J, only the band 4278
was used for temperature measurements and the results are given in Table 4—b.

The temperatures from plates Kodak 103 a—E and 103 a—] are practically the
same and equal to 234°K or — 39° C.

7. The variability of the spectral composition of the auroral luminescence
studied by the “F-spectrograph. The “F”-spectrograms are mainly used for the
study of the variability of the green OI line, the red Of doublet, the green NI doublet,
the H-lines and their relation to the solar bundles and their behaviour on’their way
through the ionosphere.

We are not in possession of a photographic plate for high sensitivity for all these
features, therefore Kodak 103 a—E was used {or the study of the OLlines and H,
and Kodak 103 a—]J for the NI doublet.

7a. Results obtained with the “F’’-spectrograph by the Kodak 103a—E
plates. Study of the forbidden OI-lines in the aurorae. During the period from
September 1957 to February 22. 1960 we obtained with the E-plates 89 “F”-spectro-
grams, which were reproduced on the plates TIa, ITb and IIc provided with explan-
ations in the usual way.

The intensities of the red OLdoublet, the H ,-line, the negative N{IN (0—1) band,
the positive N,IP (8 —5) and N,IP (7—4) bands are measured relative to the forbidden
OI (5577) line, which is put equal to 100.

The intensities are given in table 5a. The last column contains the remarks regarding
spectral features of the auroral luminescence.

In order to make the proper use of these spectrograms we may call to memory
some facts regarding the formation and constitution of the solar electric bundles on
their way through the ionosphere.

X-rays emitted from sunspot regions produce photo-electronrays which are electro-
statically neutralized by solar positive ions, preferably protons. In their way down the
atmosphere (ionosphere) the solar electrons and protons may find sufficient atmospheric
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Relative Intensities of forbidden OI-lines, Nitrogen bands and H obtained from the ‘“F”’-spektrograms
{on Kodak 103 a—E) reproduced on Plates II—a, — b, — c.

Sp. NTFIN Ol Ol o1 N,IP N,IP H, Remarks regarding
No. | (0—1) |1=5577A|1=6300A|1—6364A| (8—5) | (7—4) |A=6563A features
1 100 v. st. v. st. 15 22 2.9 St. Aur. Type A, H,,
2 » 24 11 4.5 6.7 R. L. partly type B
3 » 242 54 2.6 3.9 0.7 Partly type A,
Magn. Z.
4 » 31 19 15 21 1.7 A. L., El ex.
5 » 450 151 R. U. Type A,
tow. S.
6 » 51 23 R. L., Mainly El ex.
7 » 195 64 Corona, mixed ex.
8 » 37 16 5.4 8.2 1.5 A.L. Type B, EL ex.
9 » v. st. v. st. 7.2 8.6 St. Aur. Type A.
10 » 184 80 7.0 9.0 0.2 Corona, Type A,
Mixed.
11 » v. st. v. st. 8.2 11 1.2 Type A, high tow. S.
12 » 77 28 6.1 8.1 0.5 Puls. surfaces,
tow. S.
13 » 15 6.6 2.2 4.7 A. L. tow. S, EL ex,
14 » 979 257 R. U. Type A,
Pr. ex.
15 » 1500 500 R. U. Type A,
Pr. ex.
16 » 41 19 4.3 6.4 1.0 We. Aur., EL ex.
17 » 362 132 5.5 9.5 2.6 We. Aur. possibly
Type A. Pr. ex.
18 3.4 » 19 7.5 2.7 3.8 0.4 B. through Z., El ex.
19 5.8 » 7.6 5.2 4.9 5.5 A. L. with R.-
structure, El ex.
20 2.7 » 11 4.5 2.5 3.7 0.6 St. Aur.-ordinary.
21 4.4 » 562 187 5.0 6.2 Ordinary Aur. and
Type A.
22 » 103 32 R. L. (2 min. exp.)
23 » 68 19 2.8 4.4 0.9 R. U.
24 » 5.0 2.9 2.2 3.0 0.3 R.L. tow. Nand W.
25 4.5 v. st. 21 9.6 5.8 7.9 0.6 A. and D. with
R.-structure,
vivid Aur.
26 3.2 100 14 6.8 4.2 5.4 A. L., diffuse, tow.
S, EL ex.
27 » 14 6.6 3.6 5.4 0.9 A. L. tow. N, EL ex.
28 » 23 8.4 4.1 5.2 A U.
29 3.8 » 29 15 9.8 13 0.5 D. L. tow. W,

mainly EL ex.
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Sp. NFIN o1 Ol Ol N,IP N,IP H, Remarks regarding

No. | (0—1) [A=5577A|A=6300A|A=6364A (8-=5) | (7T—4) |A=6563A features

30 5.3 100 74 32 11 16 1.5 Dif. Aur. tow. SE

31 » 107 42 36 25 R. U. (2 min. exp.)

32 3.0 » 17 9.2 5.8 8.6 1.4 A. tow. N, El ex.

33 2.2 » 21 9.6 4.4 6.1 0.6 B. tow. W, EL ex.

34 5.8 » 283 94 8.0 15 5.0 Various types,
partly Type A.

35 2.5 » 5.5 3.0 2.2 3.4 0.7 Mainly homog. A.
in S.

36 » 71 23 Type A and ordi-
nary Aur.

37 » D. L., EL ex.

38 » 133 34 R. U. tow. SE

39 » 9.8 3.1 1.0 1.1 Mixed Aur. tow.
Magn. Z.

40 » 116 29 5.4 We. Aur. type A,
partly R. U.

41 » 13 3.9 Homog. B.

42 » 11 3.8 0.7 1.4 0.5 We. dif. Aur., El ex.

43 2.5 » 23 6.4 1.2 1.9 0.4 Dif. Aur., El ex.

44 2.1 » 25 8.4 1.4 2.1 0.3 Puls. Spots, El. ex.

45 » 26 11 1.5 2.2 2.2 We. homog. A.

46 » 190 67 2.1 2.3 3.3 A.U.and R.,typeA.

47 » 15 7.6 2.6 3.7 0.4 A L.

48 » 66 15 Homog. B.

49 » 353 - 85 R. U.

50 4.8 » 14 7.2 3.8 6.5 1.8 We. B. in S.

51 11 v. st. 16 9.0 6.3 7.9 B.in S, EL ex.

52 100 1287 429 7.8 10 15 Type A.

53 14 » v. st. v. st. 12 14 Type A and partly
green R.

54 » » » 5.6 5.7 Type A and
ordinary Aur.

55 12 v. st. 156 52 54 7.9 4.8 Corona — Type A

56 » v. st. v. st. A, D. and various
types

57 9.1 100 6.7 2.7 3.2 3.8 A. L. — partly
type B

58 » 83 33 5.6 14 7.0 |R. U. and fog. surf.

59 » 22 11 10 13 B. and D.

60 » 9.3 6.3 6.4 8.5 0.4 A L.

61 » 17 9.2 9.3 12 0.3 A. and B.

62 » 17 8.6 5.8 8.5 1.3 We. B. and fog. surf.

63 » 13 6.2 8.0 8.3 We. A. L.

64 » 14 8.9 9.5 11 A. L. with R-struct.

65 » 75 30 6.8 13 4.0 Fog. surf.




36

L. VEGARD

Table 5a (cont.)

Vol. XXII.

Sp. N¥IN (@)1 Ol (0]1 N,IP N,IP H, Remarks regarding
No. | (0--1) [2=5577A]A=6300A|1=6364A| (8—5) | (7—4) |A=6563A features
66 100 247 75 We. R. U.
67 31 9.9 5.1 5.6 We. A. L. with
» R.-structure
68 » 117 57 4.6 6.6 0.8 B. and fog. surf.
69 » 83 33 4.6 6.6 0.8 A. L.
70 » 173 68 3.6 5.6 1.1 R. U. and fog. surf.
71 » 480 185 4.4 7.8 2.4 Fog. surl. type A.
72 » 59 21 3.7 5.9 1.3 A. L. with R.-struct.
73 » 296 119 6.8 12 3.1 R. U.
74 » 29 9.1 3.3 4.1 B. U.
75 » 11 7.0 6.2 8.1 0.3 D.
76 » 6.5 3.4 3.8 5.0 0.2 A L.
77 » 26 8.8 4.2 5.2 We. R
78 » 56 22 6.2 7.9 We. B
79 » 17 7.5 5.0 5.7 A.
80 » 43 13 3.9 5.0 0.2 Fog. Surl.
81 » 34 9.9 4.9 _ 6.0 Dif. surf.
82 » 22 7.1 3.5 4.5 Spots.
83 » 35 14 4.6 6.2 0.4 We. fog. surf.
84 » 33 10 6.0 8.7 1.3 A. L. with R.-struct
85 » 122 53 4.9 6.8 0.7 R. U.
86 » 43 17 5.3 7.8 1.1 We. fog. surl.
87 » 6.8 2.7 2.7 3.6 1.9 A. L.
88 » 17 4.7 2.6 3.5 0.3 AU
89 » 30 7.5 3.1 7.6 3.8 We. fog. surf.

ions for the necessary neutralization of the bundles. Thus the solar electron and proton
rays are free to move and to be absorbed and stopped independently of each other. As
a rule, the proton flux is much smaller than that of the electrons, and the penetrating
power much smaller. ‘

The elctrons of the bundle may stop at a height (%,) at about 100 km, while protons
of the same kinetic energy stop at a greater height (4,), say at 130 km. If such a state
could be kept during the exposure, the luminescence from the interval (h,—#,) would
be emitted by the primary electrons and their secondary, and the “F”-spectrograms
would show the features, that are typical for excitation by electrons, which means few
and mostly weak atomic lines and strong vibrational bands from the dominating
gases N, and O,. At the bottom edge of the aurorae the red (N,IP)-bands will be
strong, and sometimes strong enough to set up a red band all along the bottom edge
of an arc or a band. (Red aurorae of type B).

The electron excitation below (f,) gives a fairly strong forbidden green OIl-line

(5577), while the forbidden red OI-doublet (6300, 6364) is weak or absent.
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Above the height (h,) the red doublet appears strong and the relative intensity
increases with altitude [23]. The enhancement of the forbidden red OI-doublet is due
to proton excitation, and as a rule it is accompanied by hydrogen lines. Very often
the red Ol-doublet dominates the auroral luminescence so as to give it a strong red
colour to the top of the longest auroral rays. (Red aurorae of type A).

By the proton excitation the red doublet and the H-lines may dominate the
auroral luminescence so the relative intensity of bands is extremely small, and they
may not appear on the spectiograms, even when the red doublet is highly over-
exposed [20].

At the height above (k,) both electrons and protons take part in the excitation
process so the features, which are characteristic of the electron excitation will be
mixed with the red doublet and H-lines. The effect of electron excitation above (R
however, will be very small compared with the proton effect.

The types of spectra in auroral luminescence we observe, naturally fall into
three groups:

p):

Group E: Spectra excited mainly by the solar electrons.
Group P: Spectra excited mainly by the protons of the bundles.
Group E + P: Spectra from mixed excitation.

It is found that the two spectral types may be selected by means of the relative
intensities of the spectral features, listed at the top of Table 5a, combined with the
“remarks regarding features” given in the last column.

The classification into groups can also be done fairly accurately by means of the
plates 1Ia, IIb, and TIc combined with the explanation to the plates with its last
column “remarks on auroral types”.

In Table 6 the numbers of “F”-spectrograms from the three plates (from 1—89)
are given for each group:

Table 6.

Classification of ‘“F”’-spectrograms.

II—a 2, 4, 6, 8,13, 16, 18, 19, 20, 24, 26, 27, 28, 29, 32, 33.
Group E II—b 35, 41, 42, 43, 44, 51.
II—c 59,60, 61, 62, 63, 75, 76, 79, 81, 82.

H—a 1, 3, 5, 910,11, 14, 15, 17, 21.
Group P II—b 34, 38, 40, 46, 49, 52, 53, 55.
II—c 58, 66, 70, 71, 73, 85.

H—a 7, 12,22, 93,25, 30.
Group E + P I1—b 36, 39, 45, 47, 48, 50, 54, 56, 57.
H—c 64, 65,67, 68, 69, 72, 74, 77, 78, 80, 83, 84, 86, 87, 88, 89.
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From Table 5a we have calculated the mean relative intensity for each group E,
P and (E—P) from the classification of Table 6. The intensities of the various features
of the groups are given in Table 7. The green line (5577) is used 25 a standard and put
equal to 100. (n) is the number of spectrograms in each group.

Table 7.
Type of OI (6300) H, (6563) leN (0—1) N, P (8—5) N,IP (7—4)
features n I n I n I n I n I
Group E ...... 32 19 19 0.70 11 3.8 30 5.0 30 ‘ 6.8
Group P ...... 24 675 14 3.57 4 9.1 24 4.9 24 6.9
Group (E+4+ P) 31 175 18 1.32 4 5.1 28 4.3 28 6.0

We notice that the intensity of the red doublet is about 36 times stronger when it is excited by
protons than when it is mainly excited by primary electron rays. The mean intensity of H, is about
5 times greater in the proton group than with the group mainly excited by primary electrons. The
negative band N5IN (0—1) is 2 1]2 times stronger at the greater altitude of the protons, than
Surther down, where the electrons dominate.

As the intensity is measured relative to the green line (5577), this confirms the result
already found in 1923 [3, 19, 13, 16] that the intensity of the negative nitrogen bands
relative to that of the green line increase with altitude.

As regards the bands of the first positive group N,IP, we notice the remarkable fact
that the relative intensities, within the limit of possible errors, are the same for the E- and P-group.
This means that the luminescence of these bands must be due to excitation by electron rays. This fact
also entails that the green auroral line, is excited by electrons; for if the intensity of
the green line were different in the (E) and (P) groups, this would give corresponding
intensity-variations to the bands N,IP, because the green line is used as a standard.

The intensity relations show that the green line is due to electron excitation down to the bottom
part of the auroral luminescence. ‘

It has been shown in previous papers that the forbidden red OI doublet is excited
by protons upwards from the layer (#,), where the protons of the solar electric bundle
are absorbed. The excitation by protons is restricted to the transfer of the double
ground state 3P,; to the metastable 1D, state, without showing any transfer to the
higher metastable 15g-state.

The results of the intensity distribution shown in Table 7 give us a definite con-
ception of the way in which the forbidden OI-lines are excited and of their different
appearance in the auroral luminescence.

The results here, briefly stated, lead to the following explanation regarding the
auroral luminescence resulting {rom the metastable ground states of the Ol-atoms.

When the bundles enter the atmosphere the solar electrons and positive ions
(protons) are free to move independently of each other. The electron usually has an
energy of the order of 10% e. v., which is much greater than that which produces the
E-layer by soft X-rays of energy of the order 1—1.5 102 e. v.
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The positive rays of the bundle will not essentially influence the passage of the
auroral electron rays on their way down the atmosphere until they are absorbed at
the lower limit of the auroral streamer, usually at an altitude of about 100 km.

"The luminosity per unit length of path for the forbidden lines, will diminish rapidly
upwards from the bottom edge of the auroral streamer — at a rate approximately
proportional to the density of the OI-atoms.

The electrons of the solar bundle on the way downwards to the auroral lower limit,
will produce all four metastable states: 3Py 1, 1D, and 1S, and the corresponding five
forbidden lines shown in Table 1.

On account of the fact, shown in Table 1, that the lifetime of the green line (2D, —1S,)
is considerably shorter than those of the red doublet, the intensity will be much smaller
than that of the green line, even at the lower limit of the aurorae. Further, the ratio
of the intensity of the red doublet and other forbidden lines to that of the green line
will rapidly decrease upwards.

Now the positive ions of the solar bundle (mostly protons) would be absorbed at
an altitude (k,) above which the mean free path is so great that the protons will have
no noticeable influence on the intensity of the forbidden OI-lines produced by the
electrons of the bundle.

With regard to the P-excitation we know from previous investigations that the
protons have a great ability to excite the red OI-doublet (3P; ;—1D,), but the positive
ions (protons) have no part in the excitation of the 1S, — state or in the emission of

the green line (1D,—15,), 5577.

7b. Results obtained with the “F’’-spectrograph and Kodak 103a—J plates.
Study of the forbidden green' doublet NI 4S3p — Dyp, 5 — 5200.1, 5197.8.
Among the forbidden NIlines only the green doublet (cfr. Table 1) can be used by
the “F”-spectrograph, and as the sensitivity of the plate Kodak 103 a—FE in the
region of the green NI doublet is small, we have used the 103 a—] plate, which is
very sensitive near the forbidden NI-doublet. With this kind of plate we have taken,
with the “F”-spectrograph at Tromsoe, 61 auroral spectrograms during the year from
9.12. 58—9.12. 59. Reproductions with explanations are given on plates III—a and
ITT—b.

On those plates the spectral features, especially in the most sensitive region near
the NI-doublet, are often diffuse or too strongly exposed for distinct analysis and
accurate measurements. The registrams taken directly from the negatives give better
definition of details and more accurate intensities than might appear from the repro-
duction on plates I11a, b.

Our results of intensity-measurements from 103 a—J-plates are given in table 55
for the following features: Six bands of the system NIN, the lines H,, the NII-group
near 5000 4, and the forbidden green NI-doublet.

Remarks on the auroral types corresponding to the features are given in the last
column of the explanation to the plates and in Table 55,
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Relative Intensities obtained from the “F”’-spectrograms (on Kodak 103 a-J) reproduced on Plates
II1 —a and III—b. '

+
Sp. N7 IN Hpg NIIA NI A Remarks regarding Features
No- o—n]a—2)©0-2[(1-3)]|0-3)|(1—4) 500045200
1 27.7, 6.0y 11.3| 8.0 84 6.7 7.7 6.9 14.1] Fog.surf. and A. U.
2 str. » 8.7 2.7 1.9 0.9 0.9 1.3 1.6| Various forms
3 str. » 9.7 3.0 1.9 1.0 1.8 2.0 1.7} St. flashes — all forms
4 32.3] » 6.2 6.2 3.2 1.9] 52| 4.7 22.0| Fog. surf. and type A.
5 str. » 8.3 3.6 1.1 0.5 0.7 1.8 3.1 St. flashes, mainly fog. surf.
and type A.
6 str. » 9.9 4.4 4.1 1.1 1.3 3.1 6.9| St. dif. surf. and type A.
7 str. » 94| 3.6 3.0 1.3 1.6 3.2 1.9] St. flash, dif. puls. Aur.
8 str. » 8.6 4.1 2.5 2.0 3.1 3.9 2.4| Dil. and puls. Aur.
9 30.6| » 6.9 4.6/ 22 1.9y 5.0 3.1 9.6 We. A. and dif. Aur.
10 38.6; » 7.0 34 1.8 1.9] 1.8 3.4| 5.7} St. flashes and dif. Aur.
11 - — — — — — — — — Homog. B. and D.
12 43.5| 6.0, 8.8 4.8 2.5 — — — 6.1 V. we. C. and fog. surf.
13 str. » 11.8 4.9 3.8 2.0 — 4.2 4.8 We. fog. surf. and puls. spots.
14 374 » 10.3] 4.1 3.1 2.6, — — 5.0 Homog. A.
15 276 — 10.1 4.5 3.1 2.7 — 3.7 4.2| A.
16 29.5 6.0 5.9 3.9 2.5 L7 — 2.3] 26.4] R. U. partly type A.
17 39.8) » 8.1 4.5 2.2 1.8 2.5/ 2.1] 15.2] R. and. fog. surf.
18 36.5] » 8.3 4.5 2.7 2.0 3.5 4.3 18.8] Dif. Aur. type A.
19 47.7, » 12.1 5.6 4.6 2.1 2.8 6.4 11.4| Dif. Aur. and st. A.
20 55.5| » 9.71 46| 2.1 1.7] — 3.4 7.9 Dil puls. Aur.
21 35.5| » 9.8 4.9 4.5 2.7 — 44 3.7 A L.
22 37.5] — — — — — — — 21.7| R. U. and fog. surf.
23 str. 6.0 14.9 5.1 4.3 1.6 3.3 4.8 3.9 Var. forms (partly type A)
24 29.9, — 9.3 4.5 — — — — 7.4 R. U. and fog. surf.
25 str. 6.0f 17.7 4.6 6.4 2.4 2.9 4.1 1.8 A, D.
26 40.8, » I1.5]  6.6; 5.1 4.0f 4.6/ 6.2 5.3 Fog. surl.
27 str. » 11.7 4.0 3.3 1.5 — 2.7 1.3) St. vivid B. and D.
28 str. » 11.5| 4.0 3.3 L7 — 3.2 1.6| St. B. through Z.
29 str. » 12.5) 5.9 4.5 2.7 — 4.7  3.4| Fog. surf. and homog. A.
30 str. » 79 4.0 2.3 2.0] 3.2 2.8 3.5 R. U, B. and fog. surf.
3] 35.8; » 10.9 7.5 6.4 4.4 10.5{ 6.7 18.4| Various forms (partly fog.
surf.)
32 str. 6.00 8.7 54| 32 267 42 41 8.6 R.
33 str. » 13.7 4.3 4.0 2.0 — 3.0 1.8 V. vivid Aur. — A. and R,
34 str. » str. 3.5 4.3 L1 — 2.00 — Vivid A. with R.-structure
35 str. » 12.8) 3.9; 2.8 1.6 — 2.9 1.7} Fog. surf.
36 39.8] » 8.8 6.2 4.0, 28 6.7 57 82 We R. andD.
37 str. » 10.1 4.5 2.8, 2.1} — ~— | 3.1| B. through Z.
38 str. » 13.4] 4.2 4.3F 2.4 2.6 3.7 2.8 A.and D.
39 str. » 9.9 4.2 3.4 2.3 3.2 3.7 3.5| Fog. surf. and puls. spots.
40 str. » 10.1] 4.5 3.9 26| 42| 4.2{ 3.5 Fog. surf. and homog. B.
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Table 5b (cont.).

Sp. NJIN H B NII | NI Remarks regarding Features
No. o na—2)]0—2[1—3 0—3)|(1—4) 5000A/5200A
41 31.7) 6.0 1290 85| 77| 64 7.9 — 15.1} Fog. surf. and R. L.
42 28.0] » 9.7 44| 43 3.7 — — 5.2 D, A, type A and type B.
43 str. » 15.1 4.4 5.1 1.8 — 3.0 1.3] St. A. and D, partly type A
44 387 » 9.5 5.1 3.00 — — 5.3 5.5 R. U, fog. surf. and type A.
45 37.7) — — — — — — — 30.0| R. L., we. fog. surf.
46 3230 6.0, 11.8/ 9.5 6.2/ 45 9.3 9.3 9.2| V. we. fog. surf.
47 324 » 10.4| — 3.2 — — — 10.6/ We. R. U,
48 451 » 15.2 7.0, 6.0 4.1 — 5.0 3.2) D., st. A. and we. fog. surf.
49 43.77 » 10.4| — 4.0 — — — 4.4 R. U. and fog. surf. towards
Z.
50 356 » 10,6 — 3.5 5.0 — — 7.0| A. and fog. surf.
51 44.8] » 12.2 5.5 3.3 33 — — 5.2 We. Aur.
52 384 » 8.5] 46| 28 — — — 4.9] Puls. Aur.
53 str. » 1L5 4.5 34| 29 — 4.6 4.6] St. A.
54 str. » 14.3| 4.3] 3.8/ 25 — 3.3 L.7{ D. in st. flash.
35 444 » 8.0, 49 34| 23 — — 5.4| R.U. towards Z.
56 45.3] » 11.0 6.9 5.7 3.7 6.4] 6.3 9.2| D. and fog. surf.
57 35.1 » 7.7) 4.1 34| 28] — — 7.7\ R.U. and type A.
58 40.7) » | 96| — 29 — — — — St. flash — magn. Z.
59 40.7 » 9.5] 52| 34| 26 — 6.0l 4.2| B.
60 42.3| » 12.1 6.8 46| 5.1 6.9 4.7 9.0 We.D.
61 20.8] » 58] — 3.3] — — — 8.4 We. fog. surf.
Mean 375 6.0 104 50 38 26
values

In the case of the spectrograms taken on 103 a—E-plates, a fairly good classification
was possible by the enhancement of the red N,IP-bands and the strong green line 5577
on the one hand, and the red OI-doublet on the other.

When the 103 a—J plates are used, the typical features for electron and proton
excitation are no longer so pronounced. The J-plate is in fact insensitive for both the
red doublet, responsible for the red aurorae of type 4, typical for proton excitation,
and for the red N,IP bands responsible for the red aurorae of type B.

The observers have tried to give a short characteristic of the auroral forms and vari-
ations during each exposure and tried to notice the appearance of red aurorae of
type A.

From the remarks and the auroral photograms we have tried to divide the
auroral displays on the two plates IIIa, b into 6 groups according to the expressions
used for each group. For each group the mean intensity is calculated for each of the
8 features.

The results are given in Table 8. The character of each group or type is seen in
the Ist column.
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Table 8.
“F”-spectrograms on 103 a—]J plates 1958/59.
T Feature | NFIN | N}ININAN NN | sz [ o [ v [
TYN 0—11} 1-3 | 0-3 | 1—4 | 5000 | 5577 | 5200 B
I, 9.0 4.5 3.3 1.9 3.5 449 10.8 2.7
I.Red Type A ......... " 9 9 9 8 7 8 9 4
Surfaces L, 10.0 5.6 4.1 3.2 4.5 287 8.2 5.0
2. Pulsating ............ n 24 18 22 16 14 20 24 10
1, 9.8 4.0 2.6 1.9 3.4 444 3.9 2.2
3. Flash. Puls. .......... " 5 5 5 5 5 5 5 3
I, 11.2 4.7 3.7 2.6 4.1 421 4.5 44
4. ABD. .............. "
n i1 11 11 11 9 11 11 4
5 R 1, 9.8 4.9 3.8 2.2 3.7 401 6.0 5.5
R ol . 4 5 5 5 4 5 4 9
. L, 11.3 4.8 3.8 2.0 4.2 651 7.4 3.9
6. Various forms ........ n 5 5 5 5 5 5 5 5

As seen from Table 5b, the intensities are given in relation to that of N}IN (1—2)
as a standard put equal to 6, and we should expect the relative intensities of the other
4 negative nitrogen bands to be essentially the same for all 6 groups. Taking into
account the character of the spectrograms, this conclusion with regard to the intensity
distribution of the NfIN bands seems to hold good in a satisfactory way.

Also the relative intensities of the multiplet NI (5000) seem to be the same for
all 6 groups, within the possible error of measurements.

We notice the great relative intensity of the green auroral line (5577). With the
exception of group No. 2 the relative intensity of this line keeps a value not greatly
different from those of the other 5 groups with a mean value of 473.

The intensity of group 2 has just a little more than half the value of the other groups.

As this small intensity is based on a fairly large number of spectrograms, it indicates
that the small intensity is real, and that the observed surfaces and pulsating aurorae
have appeared at great altitudes, for we know that the intensity of the green line
(5577) relative to the negative NYIN bands decreases with altitudes.

Our interpretation of the small intensity of the green line in group (2) also agrees
with the fact that the forbidden NI-doublet at 5200 and the Hg-line are considerably
enhanced. From earlier investigations, it was found that the excitation of the NI-
doublets and the Hg-lines, is caused by positive ions (protons) from the auroral bundles,
and that they should only be existent at an altitude greater than (h,) where the protons
are absorbed (cfr. papers 19, 21). A quite marked enhancement of the NI-doublet
and the Hgline appears in group (5) where the auroral luminescence is emitted from
rays, which means that the emission mainly comes from great altitudes.
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It is of particular interest that the greatest mean relative intensity is for group 1,
which corresponds to spectrograms for which red aurorae of type 4 have been observed.
In these cases we know that the excitation of type 4 is caused by the protons from the
solar bundles, and that also the forbidden NI-atoms have been enhanced by the effect
of protons from the altitude (,) and upwards.

The great variability of the NI-doublet relative to the other 6 features of Table 8
can be shown in a very direct manner by dividing the spectrograms of Nl-into the
three intensity groups shown in Table 9.

Table 9.
Intensity I =10 10 =21 =5 I < 5
number 11 21 29
Mean intensity 19 7.2 2.9

In table 9 the second horizontal line shows the strongest intensity group containing
11, and the succeeding other groups 21 and 29 spectrograms respectively.

The upper intensity group is seen to have a mean intensity of more than 6 times
the smallest one.

8. Conclusions regarding the analysis of the “F"-spectrograms.

1. By the separation of electrons and protons of the solar bundles on their way down
the ionosphere, the electrons, which have the greatest penetrating power will stop at
the lower limit of the aurorae (4,). Above this altitude the atmosphere is excited by
electrons from the solar bundles.

Consequently, the electrons will also excite the metastable states of 01, OII, OIIT
and NI, NII. In the present case we have only been able to deal directly with the
green OI line (5577), the red OI-doublet (6300, 6364), and the green NI doublet”
(5200, 5198).

Near the bottom edge of arcs, bands and draperies, the auroral luminescence is
excited by electrons which produce the forbidden lines of fig. 1. The intensity of for-
bidden lines, we observe, depends on the atmospheric density in relation to the life
time of the metastable state in question.

Usually the lower part of the aurorae appears at altitudes between 80— 110 km, and
the relation between density of OI-atoms and lifetime is suitable for the emission of #he
green OI line (*D,—1S,), which has been excited by the electrons of the solar bundle.

2. Also the other metastable states of Fig. 1, are excited by the electron rays, e.g.,
the red OI doublet (3P,;-1D,) but on account of the long lifetime, the excited atoms
will be disturbed by collisions before emission, and the red doublet, at the usual
altitudes of the bottom edge of the aurorae, is too weak to be observed.
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3. From the altitude (,), where the protons stop, and upwards, the red doublet

may be excited and emitted with great intensity, but no corresponding emission of the green
line (5577) is found.

4. Remarks on the ““F”-spectrograms taken on 103 a— 7 plates :

a. 'The intensity of the green line (5577) relative to the standard band (NEIN)
(1—2) is much smaller for group 2 than for the 5 others, indicating the
greater altitude of group 2.

b. The greater intensity of the forbidden doublet NI (5200) is shown to be
due to proton excitation.

c¢. The variability of the forbidden N/-line may be very large, compared with
that of other features on the F-spectrograms.

9. Reaction between protons and the atomic systems OI, OII, OIII, NI,
NII by the formation of the forbidden 'D,-doublets. The collision between
the neutral O-atom and the proton, which leads to the excitation of the red doublet
emitted from the metastable 1D,-state, differs most essentially from the electronic ex-
citation of OI already dealt with. We must first of all remember the positive charge
of the proton and its great mass compared with that .of the electron.

When a proton strikes an Ol-atom it will attract one of the Ol-electrons, and try
to form a hydrogen atom. This interaction may partly result in the formation and
sudden dissociation of a H-atom and a OILion, partly in the transfer of the ground
state of OI to the metastable state OI D,, which results in the emission of the red
doublet. On account of the catalytic coupling, the lifetime of the 1D,-states is greatly
reduced so the probability of the emission of the red doublet is increased. This may
account for the enormous enhancement of the emission of the doublet O (3P, 1 —1D,)
which is responsible for the red aurorae of type A. ‘

The same reasoning may also account for the emission of the other doublets of the
forbidden lines from a 1D, state to its corresponding ground state of O, OII, OIII,
NI, NII.

The catalytic chemical reaction between O-atoms and the protons of the solar
bundle which result in the formation of the D-doublet from the metastable ground
state OI 3P, ,, has no influence on the higher metastable state OI 1S, or on the emission of the
green line OI (XD, —1S,) (5577). This leads to the remarkable result that the famous green auroral
lines to the remarkable result that the famous green auroral lines are excited by photo-electrons
contained in the solar bundles produced by sunspot X-rays.

It is to be expected that the following corresponding forbidden lines from the upper
metastable states behave like the green auroral line in so far as they are only excited
by electrons like the following 5:

OI (1Dy—1Sy), OII (2Dg—*Pyys), OIII (1D,—1S,)
NI (®Dspz> aa—2Papa), NII (*Dy—18,).
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The electron excitation also holds good for the following transitions P—S and §—P.
Only the doublets P—D and S—D are excited by protons (cfr. Table 1 (abcd),
through a kind of electrochemical reaction (‘“‘catalysis in gas-reaction’).

10. Spectrograms obtained with the “C’-spectrograph at Oslo from
29.8. 57 to 5.11. 59 and their classification into groups. As seen from table 10 the
dispersion or light power of the Oslo-spectrograph “C” is considerably smaller than
for the two spectrographs “V*’ and “F”’ used at Tromsg:

Table 10.
Scale values (in A/mm) at different A, and light power of the three spectrographs.
“V”-spectrg. “F”-spectrg. “C”-spectrg.
2 Light power spectts pectrg spectrg
F: 1.20 F: 0.65 0.95
4000 40 77 100
A/mm
8000 188 395 550

On account of the smaller light power or dispersion of the instrument at Oslo,
we had to use longer exposures, and this in itself, made it more difficult at Oslo than
at Tromsg to obtain spectrograms mainly showing features of one definite type of
excitation process. At the same time, the auroral displays appeared more variable and
complex towards lower latitudes.

The Oslo spectrograms are reproduced on the three plates IVa, IVb and IVc and
are accompanied by explanations in the usual way.

All spectrograms on plate IVa and IVb were taken on Kodak 103 a—E plates.

On plate IVc Nos. 5161 were taken on Kodak 103 a—E, in the time intervals
from 4.12. 58 to 5.12. 58 (5 spectrograms) and 3 spectrograms were taken during the
evening 4.1. 59, and 3 on the morning of 5.11. 59.

Particularly for the study of the forbidden NI-doublet (8532—2Dygj5 312) (5200.1
—5199.8), we took 11 spectrograms from Nos. 62—72 on Kodak 103 a—]J plates.

Classification of spectrograms.
The 61 spectrograms on Kodak 103 a—E plates.
As in the case of the “F” spectrograms we intend to classify the spectrograms in

3 groups: (Table 11)

E  those which are mainly excited by electrons.

P those which are mainly excited by protons.

E, P those which are excited by a mixture of E and P.
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For the reasons mentioned, hardly any of the Oslo spectrograms can be considered
as excited purely by electrons or purely by protons.

Table 11.
E {(group) a) 2, 3, 6,11, 17.
b) 28, 29, 30, 42, 45, 46,
c) 51, 54.
P « a) 4, 8, 9,10, 12, 20, 22,

b) 26, 32, 33, 34, 36, 38, 39, 40, 43,
c) 52, 56, 58, 59, 60, 61.

E-+P  « a) 1, 5 7,13 14, 15, 18, 19, 21,
b) 23, 24, 25, 27, 31, 35, 37, 41, 43, 44, 45, 47, 48, 49, 50,
c) 53, 55, 57.

The selected group contains the spectrograms Nos. 1 to 61 , taken on Kodak
103 a—E plates sensitive to red. In this case the excitation with electron rays is easily
selected by the bands N,2P, N{IN the green auroral-line, and the very small intensity
of the red forbidden doublet. These features all appear in the red part.

The P-group is characterized by the appearance of the strong red forbidden
doublet (6300, 6364), the presence of H,and H, p or the absence or weakness of strong
bands.

The E-group excited by electrons shows the following typical features:

Strong vibrational bands, particularly from N » absence of Hydrogen lines.
Absence of the forbidden red and very often strong doublet.

The E-spectrograms come from the lowest part of the aurora, usually from the
bottom edge, at the height (4,).

The P-spectrograms, show the forbidden red doublet often with great intensity.

11. Altitude and Temperature of Aurorae on 103 a—E plates. As shown
In section 7a the emission results from the transfer from the ground states OI 3P, to
the metastable state OI 1D,. As we know, the enhancement of the red doublet is due
to the protons which enter the atmosphere as part of the neutralized bundle, and
the excitation by protons takes place above the absorption height (4,). This means
that the excitation of the P-group takes place far above the lower limit of the aurorae,
where the electron rays are stopped.

The p-excitation is no doubt responsible for the long auroral streams, which are
usually present at low latitudes, and indicates the presence of aurorae at great
altitudes.

Thus the aurorae belonging the group (p) show us directly the auroral properties
at great altitudes.
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Absolute Tonospheric Temperatures observed at Oslo with the spectrograph “C”
The Spectrograms used are indicated by the numbers given in the Explanation to PL. IV —a, —b, —c.

SI;: ;IZ Date Band Tiip' Auroral type inAdIit;:i?:n

2 23. 9. 57 3914 200 R.

» » 4278 267 » H
11 21.10 » 347 A. L. L
13 10.12. » 283 Various forms. H
16 20. 2. 58 » 283 A,D. L L
17 » 3914 245 A. L. L
19 24, 3. 4278 311 A. L L
23 3. 9. 58 4278 302 Corona H
24 » » 302 A. U, D, R. H
25 4. 9. » 346 A .U, D. H
26 » » 326 R. U. H
27 » 3914 264 Corona, R. U.

» » 4278 349 » H
28 » 3914 258 D. L.

29 » 4278 333 D.U,R. H
30 5. 9. » 347 D.

31 16. 9. » 296 D, R. L., A. L
35 22.10. » 330 D. with R.-structure L
37 » » 320 D. L
41 24.10. » 309 Various forms.

42 25.10. 3914 227 D.L., R.

» » 4278 310 » L
45 4.12. » 392 D. U. with R.-structure H
46 » » 260 B, A, L
» » 3914 211 »

49 » » 315 A. through Z. L

» » 4278 333 » L
50 » » 316 R. U. H
51 » 3914 288 R. L.

» » 4278 277 » L
53 5.12, » 330 Z. H
54 » 3914 212 D. L.

55 » » 210 Z.
» » 4278 273 » H

Mean H: 318°K
can 308°K. } True temp. about 220° K.

Mean L:

The features of the spectrograms from Oslo usually appear to be too heavily
exposed for intensity measurements in the red region which appears in the most
important part.
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Two bands belonging to the N}IN system are suitable for the test of possible
variation of temperature with altitude.
The bands 3914 and 4278 are classified into two groups:

H: those which are taken from long rays (at great height H).
L: those which are taken from small altitudes (Low aurorae L).

Within the limit of errors the (H) and (L) groups give the same mean temperatures,
although the altitude in the H group may be greater by some hundred km.

As we know, the temperatures of the order of 220° can be measured fairly accurately
at heights of about 100—200 km. By using long auroral rays, we can also measure
temperatures at much greater height. A number of such measurements has been
carried out at Oslo and some recent results are given in Table 12,

12. Oslo spectrograms taken with Kodak 103a -—J plates. The spectrograms
Nos. 62 to 72 were taken at Oslo from 27.3. to 5.10. 1959 on Kodak 103 a—]J plates.
The properties of these plates are described in connection with plates of the same sort
taken by the “V”’ and the “IF”’-spectrographs. Their highest sensitiveness is in the
region near the forbidden doublet N/ (5200.1 and 5198 A). But it is insensitive in the
red part which also means it is insensitive to the red OI doublet, to H, and the red
N,1P bands.

The selection of lines excited by electrons or protons can be done by the following
criteria:

Electron excitation: Very strong N3IN and some N,2P bands. Absence of hydrogen
lines. '

Proton excitation: Production of forbidden NI doublets and hydrogen lines. NII
lines.
The N, bands are extremely weak or absent.

By using these criteria the following excitation groups are found:

Table 13.
E-excitation: 62, 63, 64, 65, 66.
P-excitation: 68, 71.

(E + P)-excitation: 67, 69, 70, 72,

We notice that the spectrograms excited mainly or partly by protons show maximum
intensity of the forbidden NI doublet in a similar way as with the excitation of the
red OI-doublet by protons.
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Explanation to Plate I —a.

Spectrograms taken at Tromse with spectrograph “V*’,

Remarks on Auroral Type

Sp. No. " Date Exposure
1 30.9. —26.11.57
2 23.2. —13, 3.58
3 6.10.—11.11.58
4 4.12,—17.12.58
5 20.12.— 9. 1.59

Partly type A
Various forms

Sort of Plate: Kodak 103 a—E.
Slit: 14/100 mm.
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Explanation to Plate I —b.

Spectrograms taken at Tromse with spectrograph “V?’.

Sp. No. Date Exposure Remarks on Auroral Type

6 53. —12.3. 59 8 h A., flashes and we. fog. Aur.

7 28.9. — 7.10. 5V » B., R and we. fog. Aur.

8 22.10.-31.10. 10 » Various forms — mainly we. fog. Aur.

9 22.11.— 1.12. 24 » » » — mainly v. we. fog. Aur.
10 3.12.—24.1. 60 12%, » » »

11 2.2. — 3.2. 8 » R., flashes, type A and we. fog. Aur.

12 15.2. —22.2. 12 » Various forms — mainly we. fog. Aur.

Sort of Plate: Kodak 103 a—]J.

Slit:

14/100 mm.
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Explanation to Plate IT—a.

Spectrograms taken at Tromse with spectrograph “F”,

Sp. Interval of . . .
No. Date Exposure Height Direction Remarks on Auroral Type
I 29.9.57 20.55—21.25 S Strong red Aur, Type A.
2 30.9. 20.58—21.03
21.36—21.37 R. L. Type B
3 21.10. 21.50-22.05 Magn. Z. R. U. Type A
4 25.11. 22.00—22.35 5° S AL
5 » 22.53-23.05 60° —90° S R. U. Type A
6 » 23.05—23.13 W R. L.
7 » 23.18—23.32 Corona
8 » 23.56 —24.00 S—W A.L.Type B
9 26.11. 18.10—19.15
21.25—21.29 Strong red Aur, Type A.
10 » 21.32—-21.55 Corona, Type A.
11 27.11. 00.31—00.55 50°—80° S Red Aur. Type A.
12 » 02.13—-02.50 45° S Puls. surfaces
13 » 22.22—22.28 5° S A. L.
14 » 22.30—22.35 R. U. Type A.
15 » 22.37—22.56 R. U. Type A.
16 22.1.58 21.35—21.55 10°—30° | W Weak Aur.
17 23.1. 17.24—-17.35 10°—30° | W Weak Aur. (Possibly Type A).
18 27.1. 22.03—22.10 B. through Z.
19 » 22.15—22.20 A. L. with R.-structure
20 7.2. 20.35—20.52 Strong Aur.-ordinary
21 11.2. 18.14—-18.47 Red Aur. Type A and ordinary Aur.
22 » 2 m. exp. R. L.
23 » 23.29-23.39 R. U.
24 » 23.39—23.50 N—W R. L
25 » 23.53—00.30 S A., D. with R.-structure, rapid
movement
26 12.2.58 00.30 —01.05 2°—5° S A., dif. Aur.
27 20.2. 18.45—18.54 25° N A L.
28 » 18.55—19.08 40° N A U
29 » 21.24—-21.29 10°—30° | W D. L.
30 » 22.46-—-23.01 20° SE Dif. Aur.
31 » 23.03—23.05 R.U.
32 » 22.08 —22.20 15° N A.
33 » 23.45—24.05 w Dif. B.
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Explanation to Plate II—b.

Spectrograms taken at Tromse with spectrograph “F*’.

Sp. Interval of X . .
No. Date Exposure Height Direction Remarks on Auroral Type
34 30.9.58 22.45—-23.00 30° We. Aur. Type A, partly various
types
35 3.10. 21.33—-21.50 12° S Homog. A.
36 6.10. 21.47—-22.00 35° NwW Red Aur. Type A.
37 » 22.26—-22.30 60° N D. L.
38 » 22.56 —23.04 30°—60° SW R. U.
39 » 23.10—23.18 Magn. Z Corona, B.
40 » 23.20—23.32 25°40° W We. red Aur. Type A and R. U.
41 15.10. 21.15—21.26 40° SW Homog. B.
42 » 22.15—-23.20 40° NE Weak dif. Aur.
43 7.11. 22.10—22.50 30°—60° N-NW Dif. Aur.
44 » 22.56 —23.30 45° S Puls. spots.
45 11.11. 18.52—19.16 15° N We. homog. A.
46 » 19.34—19.50 30°—45° N A. U, partly R. and Type A.
47 » 19.45—-20.25 7° N A. L.
48 » 22.056—22.20 30° N Homog. B.
49 » 22.56 —23.14 50° W R. U.
50 26.11. 19.05—19.10 30° S We. B.
51 » 19.17—19.33 30°—60° S B.
52 4.12. 18.00—18.40 Red Aur. Type A.
53 » — Red Aur. Type A and partly green
R.
54 » 23.10—23.50 Red Aur. Type A and ordinary
Aur.
55 8.12. 21.15—22.30 Magn. Z Corona, red Type A and B.
56 20.12. 20.20—21.20 NW-—-NE | A,, D. and various types
57 » 21.23—-22.00 N A. L., partly red Type B.

Sort of Plate: Kodak 103 a—E.
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Explanation to Plate IT —c.

Spectrograms taken at Tromse with spectrograph “F”’,

Sp. Interval of . ! . .
No Date Exposure Height Direction Remarks on Auroral Type
58 6.1.60 23.16 —23.35 60° N—Z | R. U. and fog. surf,
59 11.1. 20.40—20.55 20° E B. and D.
60 » 21.15—-21.33 30° N A. L.
61 12.1. 20.23—20.40 20° N A. and B.
62 » 22.00—22.20 60° N We. B. and fog. surf.
63 24.1. 21.00—21.14 20° N We. A. L.
64 » 21.26—21.47 20° N A. L. with R.-structure
65 » 22.08—-22.32 Z Fog. surf.
66 » 22.44—22.46 45° N We. R. U.
67 2.2, 18.41--18.48 25° NE We. A. L. with R.-structure
68 » 18.49—19.03 Z B. and fog. surf.
69 » 19.31-19.34 30° S A L.
{20.10—20.14—
70 » 20.15—20.26 V4 R. U. and fog. surf.
71 » 20.27—20.35 17° S Fog. surf. type A.
72 » 21.10--21.15 30° S A. L. with R.-structure
73 » 21.16—21.24 60° S—-Z R. U.
74 3.2 20.18—20.25 60° S B. U.
75 » 20.36—20.40 15° E D.
76 » 20.45—20.50 45° N A L.
77 » 20.50—21.10 zZ We. R
78 » 22.06 —22.25 45° S We. B
79 » 22.27-—-22.30 25° S A.
80 » 22.31-22.41 z Fog. surf
81 » 22.45—-22.54 45° N Dif. surf
82 » 22.54--23.01 70° S Spots
83 » 23.01-23.30 zZ We. fog. surf.
84 17.2. 22.03 —22.05 20° S A. L. with R.-structure
85 » 22.06-—-22.14 60° S R. U.
86 » 22.15—-22.40 Magn., Z | We. fog. surf.
87 22.2. 20.36 —20.41 25° N A. L.
88 » 20.48 —20.56 35° N A U.
89 » 21.00—-21.28 Z | We. fog. surf.

Sort of Plate: Kodak 103 a—E.
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Explanation to Plate 111 —a.

Spectrograms taken at Tromse with spectrograph “F’.

Sp. Interval of . . .
No. Date Exposure Height Direction Remarks on Auroral Type
1 9.12.58 21.05—23.50 10—30° N—W Fog. surf. and A. U.
2 15.12. 20.30—22.00 30° E—N—-W/| We. A, fog. surf. and B. through Z.
3 17.12. 19.00—-21.05 St. flashes — all forms.
4 » 22.35—01.20 S—E Fog. surf. and type A.
5 9.1.59 18.05—22.15 St. flashes, mainly fog. surf. and
type A.
6 » 22.45—01.00 St. dif. surf., we. fog.
Aur. and type A.
7 5.3. 20.25--23.00 St. flash (20.55--21.15), dif puls.
Aur.
8 » 23.00—23.45 Dif. and puls. Aur.
9 11.3. 20.55—22.35 30° N We. A. and. dif. Aur.
10 12.3. 20.10—22.50 St. flashes (E, W and Z) and. dil.
Aur.
1 22.10 19.30—19.38 30 —45° S—E Homog. B. and D.
12 » 20.00—20.27 Magn. Z | V. we. C. and. fog. surf.
13 » 20.35—22.00 We. fog. surf. and puls. spots.
14 » 22.28—22.41 15° w Homog. A.
15 23.10 19.50—20.40 10° N A.
16 30.10 19.00—20.00 30° E R. U, partly type A.
17 » 20.05—21.18 45° E, W R. and fog. surf.
18 » 21.40—22.30 10° S Dif. Aur. type A and green R.
19 » 23.20—00.15 5° SW We. dif. Aur, partly st. A.
20 31.10. 00.20—01.15 60° S We. dif. puls. Aur.
21 » 17.43—18.35 5° N A. L.
22 » 18.35—19.40 Z R. U. and fog. surf.
23 » 19.40—20.40 5° S A, D, dif. spots and type A.
24 » 20.40—21.35 Magn. Z | R. U. and fog. surf.
25 5.11 19.50—20.25 10° NE A. and D.
26 » 20.45—-21.50 15° NE We. fog. suri.
27 14.11. 16.50—17.20 30—45° w St. vivid B. and D.
28 » 17.20—-17.50 St. B. (60°in S. — Z, — 45° in
N_7)
29 18.11. 19.55—20.45 Fog. surf. (45° in S) and homog.
A. (20°in N).
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Explanation to Plate IIT—b.

Spectrograms taken at Tromse with spectrograph “F”.

Sp. Interval of . . i

No. Date Exposure Height Direction Remarks on Auroral Type

30 22.11.59 21.45—22.25 Magn. Z | R. U., B. and fog. surf.

31 » 23.55—01.15 10—-30° SW—S Various forms (partly fog. surf.)

32 23.11. 01.25—01.50 45° S —W —-NW| Flashes of R.

33 » 20.20—20.40 10—20° S St. flashes of A. and R.—. vivid
Aur.

34 » 20.40—21.05 20° N St. vivid A. partly with
R.-structure

35 » 21.05—22.05 25° SW Fog. surf.

36 29.11. 17.00—18.00 10° W—-NW | We. R. and D.

37 » 19.55—20.50 B. (60°N—Z.)

38 » 20.50—-21.30 20° A4 A. D.

39 » 21.30—22.35 30° SW Fog. surf. and puls. spots

40 » 22.35—-23.45 20° S Fog. surf. and homog. B.

41 » 23.45—24.50 10° NwW Fog. surf. and R. L.

42 30.11. 18.22 —18.55 10—20° W, E D, A, type A and type B

43 » 18.55—19.22 10—-30° S, W St. A. and D, partly type A.

44 » 19.22-20.40 zZ R. U, fog. surf., puls. spots and
type A.

45 » 20.40—21.40 20° N R. L. and we. fog. surf.

46 » 21.40—23.20 10° S V. we. fog. surf.

47 » 23.20—24.25 Z—-30°E—Z| We. R. U.

48 1.12. 18.20—18.55 10° N D., st. A. and we. fog. surf.

49 » 18.55—20.25 z R. U. and fog. surf.

50 » 21.00—22.50 10° N, W, SW| A. and fog. surf.

51 2.12. 00.13—01.15 45° SwW We. Aur.

52 » 00.35—02.55 30—45° S Puls. Aur.

53 » 17.35—18.50 30—40° | N—W-—-SW| St A.

54 » 18.55—-19.12 20—40° E, W D. in st. Flash.

55 » 19.12—19.55 60° N—Z | R. U.

56 » 20.15—21.10

21.40—-22.10 NE D. and fog. surf.

57 3.12. 22.10—23.20 60° S—E | R. U. and type A.

58 8.12. 21.57—-22.16 Magn. Z | St. flash.

59 » 22.17—23.35 45° N—Z | B.

60 » 23.40—00.55 10° E We. D.

61 9.12. 00.55—02.30 60° N—Z | We. fog. surf.
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4/10 mm.

Slit:

MRS AAA AL AL A AL A A AR A2 A2 Al dldl N

TTYTYYRGGRET YL o- -



I11

Plate

)
¥
¥
i
’
»
i
,
'
’
?
+
:
-
1
¥
b

¥
' €
‘ —_—
» i i " -4 €
m o e — % m ~ . e
3 oy o
¥ D
4
E : \ = N
" e - L i — e IN
3 l A ) 3
(3 - r . \ '
. — i - > 10
[ 3 © = « ) o -
F + + i B 7 o ) 4 w0 b ~ Q ()
" w ) ) o) w Ivs) = 4 & 2 =
"
=
",. ;NF
| - - a S S - - e o ;
¢ e i —— P-4 12-1
" A & N v d W o
£
s - . o
=Y ke w— S pr— =, o e G = §-1
" o - - e jees
)
w 5 o % — BlL
.J: - (1'100g
- S o= §'100G
] X >422008
\1'5006 1IN

—|L(s's615 -
— €-0 101026 IN
|



Explanation to Plate IV —a.

Spectrograms taken at Oslo with spectrograph “C”.

Sp. Interval of . . .
No. Date Exposure Height Direction Remarks on Auroral Type
1 29. 8.57 22.30—24.30 N A.
2 23.9. 21.27—-22.40 30—-35° N R. and D.
3 30.9. 00.03—00.50 70°—Z S R. U., partly red.
4 1.10. 22.40—22.55
23.10—23.30 27° NW Very weak A.
5 13.10. 22.55—02.03 15° NW Quiet A.
6 14.10. 02.03 —03.00 25—28° NwW A. with R.-structure
7 20.10. 21.20—-21.45
21.57—22.04 20—24° Nw Weak A.
22.27—-23.26
8 » 21.10—-21.20 17° NwW Weak A.
23.26—24.03
9 21.10. 00.10—00.17 N—W Red surface and red R. U.
10 » 00.35—00.50 22° Nw D.
11 » 21.58-23.15 30—-35° Nw Weak red A. with R.-structure
12 22.10. 00.10—00.17 60° N R.
13 10.12. 23.10—24.05 25-—-30° N—NW R., red surface and B. with
R.-structure.
14 11.12. 00.22 —-00.25
00.50—01.05 N—-NW B. with R.-structure, red surface
and weak A.
15 9. 2.58 21.15—-22.05 15° NW Very weak A.
16 20. 2. 20.30—21.45 20—30° N A. with R.-structure and D.
17 » 21.45—24.30 15° N Dif. A, partly st. R. and D.
18 22.2. 21.30—24.30 15—20° N A. with R.-structure and D, partly
very weak.
19 24.3 22.45—24.13 15—-20° NW Weak A.
20 25.3 10 m. exp. 15—-20° NwW Very weak A.
21 » 22.32 —-24.00 20° NwW Weak A.
22 26.3 00.07 —00.45 17° NW A.
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Explanation to Plate IV —b.

Spectrograms taken at Oslo with spectrograph “C>.

Sp. Interval of . . .

No. Date Exposure Height Direction Remarks on Auroral Type

23 3.9.58 22.46 —23.37 VA Corona, quiet aur.

24 » 23.46—01.00 40 —50° N—-NwW D., R, A. U., partly red aur.

25 4.9. 01.05-—-02.05 35-—45° NE A. U, D, partly red aur.

26 » 02.09—-02.50 73° NW-NE | R. U.

27 » 22.07—-22.47 Z. Corona red aur., R. U.

28 » 22.53—-23.43 34-37° S D. L.

29 » 23.45—24.45 72° S—WwW D. U, R.

30 5.9. 00.48—01.20 28° NwW D.

31 16.9. 21.39—-22.52 28° N—-—NwW D.L,R. L, A.

32 » 22.53—-24.07 17 —-22° N—NW . | Various forms.

33 17.9. 00.08-—01.18 33 —40° NW—-NE | A. U. with R.-structure, D.

34 20.10. 23.06—23.53 10—20° NW-—-NE | D. with R.-structure, partly flashes.

35 22.10. 21.55—-22.25 24° N D. with R.-structure.

36 » 22.34—-23.16 50—80° N R. U,, partly red aur.

37 » 23.17—23.32 26° N D., partly red aur.

38 » 23.33—-23.50 65—72° E R. U.,, partly red aur.

39 23.10. 00.25—01.06 45° Nw D., (3 min. exp. tow. red corona.)

40 » 01.08—-01.52 45° N D. with R.-structure,

41 24.10. 23.15—23.51 70° NE—-E Various forms.

42 25.10. 00.09—-00.49 20—30° N—-NE D. L., R.

43 » 00.52—01.27 30—40° N D. U., with R.-structure and
various forms.

44 » 01.29—01.59 40° NW—NE | Flashes, A., B., partly red aur.

45 4.12. 18.48—-19.45 42 —58° Nw D. U. with R.-structure.

46 » 19.46—20.00 10—18° N—-NE B. and A.

47 » 20.01—-20.41 38° Nw R. U. reddish and various forms.

48 » 20.43—-21.45 Z. Various forms.

49 » 21.46—22.15 Z. A. through Z, reddish.

50 » 22.16—22.58 55—60° NE—-E R. U. red.
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Explanation to Plate IV —c.

Spectrograms taken at Oslo with spectrograph «“C’.

Sp. Interval of . . .

No. Date Exposure Height Direction Remarks on Auroral Type

51 4.12.58 23.07—-23.24 20° E R. L, st. red Aur.

52 » 23.26 —23.47 62° w R. U,, st. red Aur.

53 » 23.49—-00.44 Magn. Z | Corona — partly red.

54 5.12. 00.45—01.10 25—-40° NW-NE | St. D. L.

55 » 01.11—02.05 Magn. Z | St. puls. Aur. — partly red.

56 4.11.59 20.03—21.15 30—45° NW-—-N Homog. A. and R. U.

57 » 22.15—23.15 12 —30° N St. A.

58 » 23.23—-00.23 30—40° N A. U, R. U. and various forms-
partly puls.

59 5.1L 00.24—01.04 20° N Various forms — partly A. U.

60 » 01.07--01.47 15° NwW R. L., flashes and puls. surf.

61 » 01.48—02.28 40° N R. U. puls. —partly reddish Aur.

62 27.3.59 21.47—22.17 30° NE A., D. L. and B.

63 » 22.19-22.47 30—40° NW—-N D. with R.-structure and st. surf.

64 » 22.48—-23.48 Z Puls. corona

65 » 23.50—-00.45 40—50° NW—-N | D. puls. Aur.

66 23.9 22.00—23.15 20° NW-—-N Various forms

67 » 23.16—00.00 20° N We. A. U. and various forms.

68 24.9 00.10—00.30 30° N R. U. puls.

69 25.9 21.30—22.20 20—25° N We. A.

70 » 22.20—23.10 20° NW-—-N R. L. and st. flashes

71 » 23.10—00.25 25—40° N R. U. and various forms.

72 5.10. b 21.25-22.25 20-—35° N A. With R.-structure and dif. Aur.
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