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CONTRIBUTION TO THE STUDY
OF THE VARIATION IN MAGNETIC ELEMENTS

BY
K. F. WASSERFALL

INTRODUCTION

The magnetic material collected during the years 1916—33 at Dombds Observatory
and published by Det Magnetiske Byrd at Bergen in 1936 [1] builds the principal founda-
tion for the investigations made in the present paper. As will be seen from the men-
tioned publication, the treatment of the material follows methods originally proposed
and employed by KRr. BIRKELAND in his well known investigations of terrestrial magnetic
phenomena at the beginning of this century [2]. In consequence of this method the
variation of the D-, H- and V-curves are divided up into three variation-components
designated by the three symbols: @, S and C according to formula:

(1) 0=Q+S+¢C

where O corresponds to data given in the ordinary publications from magnetic observa-
tories, and the definition of the three symbols is to be found in the paper mentioned [1].

In special cases we have also made use of magnetic data collected at other obser-
vatories — such data, however, also converted into variation-components corresponding
to those given in formula (1).

In most of the investigations, made in this paper, I have chosen data for the year 1933—
partly because this year forms a part of the international polar year, and partly because
data for this year has previously been chosen for other special investigations based on
the Dombds material.

As the publication of the magnetic results from Dombés only gives monthly hour-
means, besides 7-day normals for quiet diurnal variation, the original data, used in some
of the investigations, are not available in print, but the written tables are, of course,
preserved at the bureau.

THE QUIET DIURNAL VARIATION

To get a general view of the quiet diurnal variation of magnetic elements I have
worked out mean hour figures for D, H and V for the four seasons of the year 1933 for
the three magnetic stations: Tromso, (T), Dombds, (D), and Rude Skov, (R.S.). The
geographical co-ordinates, and the annual mean values for D, H and V, for the three
stations, are given in Table 1, and the three curves are plotted graphically in Fig. 1.
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Table 1.
Station Tromso .: Dombas Rude Skov
@ 69" 39’8 N 62° 04,7 N 55°50°.6 N
! 18° 56’9 E 909’8 E 12°2774 E
D 39282 W 87307 W1 5729’8 W
H 0.11488 0.14080* 0.16939
¥ 0.50205 0.462901 0.44837

! Only approximate values,
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Iiig. 1. The quiet diurnal variation in D, H and 1 for the four seasons of the year 1933 for the
magnetic stations of Tromso, (T), Dombas, (D) and Rude Skov, (R. S.).
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The most characteristic feature in these curves is the increase in amplitude of daily
range from winter to summer — the gradual progress from month to month being nicely
exhibited by the monthly mean curves for H at Dombis, horizontally, below in Fig. 3.

Investigations show that in the data for range we have to do with an annual and
a half-yearly period, besides smaller irregularities, which seem to suggest smaller perio-
dicities. As the yearly and half-yearly waves have already been discussed in another
paper [3], it is only the latter kind of variation we shall look at here.

If, for the range in the quiet diurnal variation, we plot with monthly mean values
we get curves for the yearly progress equal to those drawn in Fig.2 , above. The letters
T, D and R.S,, stand for the above mentioned stations Tromss, Dombds and Rude Skov.
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Fig. 2. Curves for the range in the diurnal variation of quiet days for D, H and I’ for the three
stations Tromso, Dombas and Rude Skov. Above monthly mean values and below corresponding
curves, when 7-day values are employed.

The comparatively smooth character of these curves does not, however, give any
good idea of the real nature of this variation, which is plainly seen by the second set
of curves given below in Fig. 2. Here we have plotted with data for the daily range
taken directly from the 7-day normals.

These curves are, as we see, very irregular and examination shows that, besides
the before mentioned annual and half-yearly waves, we have suggestions to periodicities
related to the rotation of the sun.

To make an analysis with the 7-day values in order to exhibit said periods will not
present a very convincing picture, but if we tried to work out data for the quiet diurnal
variation day by day for the whole year, we should probably be able to get hold of the
real nature of the variation, suggested by the lower set of curves in Fig. 2.

During the work with the Dombds material I conceived the posibility of making
out curves for the quiet diurnal variation for every day. Experience shows that this
variation is so pronounced that very few records are of such a nature that it should
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Tig. 3. The quict diurnal variation for every day for H at Dombas for the year 1933.
Below monthly mean curves.

not be possible to get hold of enough points to draw reliable curves for the quiet wave,
even when a heavy magnetic storm is registered. In extremely difficult cases interpolation
of the curve in question might be necessary, but in the present material — records for
1933 — I have been obliged to do so in only one single case.

In Fig. 3 T have plotted the mentioned curves for the quiet diurnal variation of
every day for H, registered at Dombés during the year 1933. Below I have added mean
monthly curves. To be able to distinguish between curves for actually calm days and
those for other days, and especially those, where heavy magnetic storms are registered
during the day — or part of it, I have, in Table 2, copied vAN DIJK’s table for the
five magnetically calm, and the five most disturbed days, with the mean international
character numbers added.

Having the curves in Fig. 3, I do not find 1t necessary to print complete tables of
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Fig. 4. Above the quiet diurnal variation — month by month — for the five international quiet
days according to van Dijx’s list, and below such curves for the five most disturbed days. Curves

referring to H at Dombas for 1933.

Table 2. International magnetic character numbers for 1933 according to vaAN DIJK.

Calm Days for 1933
Months
ch. | 1 2 3 4 5

Jan. ..[(.005)| 4 5 (10 | 11 | 21 !
Feb. ..[(0.04| 6 | 11 | 13 | 16 | 17 |
Mar. ..[(0.08)] 5 6 | 7 9 | 16 |
Apr. ..[(011)| 11 | 12 | 13 | 28 | 29 |
May ..[(0.09)] 9 | 10 | 12 | 24 | 26
Jun. ..[(0.05)] 5 6 | 16 | 18 | 24 |
July ..|(0.08) 13 | 14 | 15 | 21 | 30
Aug. ..[(0.05)] 1 9 | 10 | 11 | 31
Sep. ..[(0.23)| 3 510 6| 23| 24
Oct. ..[(0.08)] 1| 16 21 | 28 | 29
Nov...[(0.08)| 14 | 15 | 17 | 24 26
Dec. ..[(0.06)| 1 | 14 | 15 | 24 @ 30 I

1| 2
1(1.2) | 19014
19(1.7) | 21 (1
18(15)! 19 (1
15(1.2) | 16 (1
119 184
1(1.1)  13(1
9(1.3)  17(1
5(1.8) | 6(1
9(1.9) | 10 (1
513 701
6(1.6) | 7(L.
3(1.2)  4(1.

Most Disturbed Days for 1933
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Table 3. The extremes of the quiet diurnal variation in the day- and night-waves of H at
Dombds for 71933, besides the mean hour points for these occurrences in L. M. T.

Day Extremes
Season
Max. | Hour. Min. Hour, |[Ampl.
i | hm i h m T
Winter....| 6.0 |18 12 | — 7.8 11 46  13.8
Spring ....| 203 | 18 45| —26.1 |11 05 | 46.4
Summer ..| 23.8 | 18 41 | —27.8 | 10 56 | 51.6
Autumn .. 109 | 19 23 | —16.2 | 11 21 | 27.1
Year ....|152 |18 45| —195 [11 17 | 347

Max.

5.3
53
4.3
7.0

5.5

Night Extremes

Hour. Min. Hour.
h m i h m

6 37 —3.2 1 13
5 31 — 1 47
4 35 —21 1 57
6 11 —3.2 1 57
5 48 —- 2.4 1 44

Ampl.

10.2
7.9
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Table 4. Relation between the sun’s seasonal allitude and some characteristic points in
the quiet diurnal variation for the five inlernationally most disturbed (below) and calm
(above) days. H at Dombds for 1933.

Night Extremes Day Extremes
Season
Max. | Hour. Min. Hour. |Ampl.| Max.| Hour. Min. Hour. |Ampl.
1 hm 1 hm it 1 h m i hm 1
Winter....| 39| 6 30| —1.9 0 40| 58| 37|18 00 — 58 |11 30| 95
Spring ....| 61| 5 10 35 1 40| 2611919 00| —232 |11 10 | 351
Summer ..| 5.3 | 4 50 0.3 2 10| 50 195 |19 00| --26.5 | 10 50 | 46.0
Autumn ..| 63| 6 10 0.7 1 50| 56| 80|20 10| —147 |11 10 227
Year | 54| 5 40 | 06 1 35| 47 | 108 |19 00| —175 |11 10| 283
Winter....| 45| 6 40 | — 3.5 1 00| 80! 80|18 00| —106 | 11 50 | 18.6
Spring....| 13| 4 50| — 1.9 2 00| 32| 254 |18 40 —285 |11 10| 539
Summer .. 02| 5 10| — 5.7 2 15} 5930518 30| —304 |10 50 | 60.9
Autumn .. 43| 5 40 |-— 5.7 1 50 | 100|161 |18 40 | —184 | 11 10 | 34.5
Year 28| 5 40| — 42| 1 45 I 6.8 20.0 | 18 30 | —22.0 | 11 15| 42.0
Table 5.
! Night Extr. Day Extr.
Results obtained for:
Max. Min. Max Min.
h m h m h m h m
Quict days alone ...... Table4| 5 40| 1 35;19 00|11 10
Disturbed days alone .. » 4| 5 35| 1 4518 30 11 15
Each day of the month » 3| 5 48 1 44118 45 11 17
Larlicr (Table 1 of [3]) ...... — — 19 27 11 48
Mean valies ..........c..... 5 41| 1 42|18 44 11 20

the figures for the quiet diurnal variation, nor complete tables giving data for the extremes.
In Table 3, however, we shall find mean seasonal figures for such data.

As it should be of interest to know if there is any decided difference between the
curves for quiet diurnal variation for actually quiet days, and those for the most dis-
turbed days, we might extract monthly mean values for the five international quiet
days, and the five international most disturbed days — according to VAN Dijx’s list
(Table 2). Results of these two sets of data are plotted in Fig. 4. Above we have monthly
mean diurnal curves for the international quiet days and below such mean curves for
the international most disturbed days.

A look at the curves in Fig. 4 shows that the form is more or less the same for both
set of curves, but the amplitude of the extremes in both the day- and night-waves-are
considerably larger in the last set of curves. To get a general view of the particularities
of such curves, I have worked out Table 4.

In order to see how the hour points of the extremes agree in the various cases I
have, in Table 5, tabulated time for the night- and day-waves as mean yearly values.
The first two horizontal rows are taken from Table 4. In the third row I have added
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corresponding data from Table 3, and in the last row I have finally put in results taken
from Table 1 of the above mentioned paper [3].

The hour points of the night extremes agree well in the three cases, but the agreement
is not so good in the data for the day maximum. Considering, however, the compara-
tively great individual discrepancy in the form of the curves from day to day (cp. Fig. 3),
we can probably not expect a better agreement between the various mean values. We
may, however, be entitled to say that there is no decided difference in time for the ex-
tremes in the quiet, and the most disturbed days when mean values are taken.

As a general view of the seasonal changes in time for maximum and minimum in
the quiet diurnal variation has been exhibited graphically in Fig. 13 — in connection
with corresponding curves for the storminess data — we shall limit ourselves by referring
to this graph.

January. February June July
6 12 18 ¢ 12 18 6 12 18 6 12 18
20 . Rude Skov
10 o
0 W days
-10
-20 20
10
N\/\/“ Q 0
-10
20 -20
10
e NN O
- 10
-20

Unit Gamma.

Fig. 5. Mean quiet diurnal variation for i at Rude Skov for Jan—Feb and Jun—]Jul, 1933, Above
all days, and below the five international quiet and the five most disturbed days — designated by
Q and D, respectively.

Verification of some of the vesults by aid of corresponding data for Rude Skov: Some
of the results in the preceding pages — for instance the displacement during the year
of the night extremes — are of such a nature, that verification seems desirable.

From earlier investigations [6] we know that the Q-data for mean monthly diurnal
variation at Dombds and Rude Skov show high degree of parallelity. It is thus very
probable that this is also the case with the individual data for . In order to compare
such individual data for the two stations I have worked up curves for quiet diurnal
variation for every day for two summer- and two winter-months for H at Rude Skov.

In Fig. 5 we have plotted such mean monthly Q-data for the intervals Jan—Feb
and Jun—Jul, 1933. To compare the seasonal displacement of the extremes I have,
in Table 6, noted down time for these occurrences in the nigth- and day-extremes
for both stations — taking the difference between data for summer and winter as expres-
sion for seasonal change.
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Table 6. Comparison belween Dombds and Rude Skov in regard to seasonal displacement
of the extremes in the quiet diurnal variation.

Dombas Rude Skov
Season Night Extr. Day Extr. Night Extr. Day Extr.

Max. Min. Max. Min. Max. Min. Max. Min,

h m I h m h m I h m h m h m h m h m
Winter 4 30| 2 3019 30|10 30 4 45 1 50|19 40|10 40
Summer ........ 6 30 0 3017 30|11 30 7 00 1 40|18 55,12 15
Diff. .......... 2 00 200 2 00 1 00 2 55 010 0 45 1 35 II

Table 7.
Dombas Rude Skov

Range for
s | w Dt s w |Dif

= - - - - ,
| | i i \ |

Quiet days ...... 45 10 35 36 10 | 26
Disturbed days ..| 65 20 = 45 | 48 14 | 34
Diff. ...ooovnnnn. | 20 10 10 12| 4 8

The general tendency in the seasonal changes in the hour-points of the extremes
seems to agree for these two stations. The hour distance between corresponding
maxima and minima is larger in winter than in summer for the day-extremes and
vice versa for the night-extremes.

Concerning the range of the day extremes of the quiet diurnal variation we have,
in Table 7, compared the results for quiet and disturbed days for both stations. We
see from the last horizontal row. — Diff., that the range of the quiet diurnal wave is
considerably larger for disturbed days than for quiet days, and that they are larger
during the summer, S, than during the winter, W. Both stations agree well on this point
— the phenomena being only more accentuated at Dombas, as might be expected.

Discussion: The particularities in the variation of the quiet diurnal wave of magnetic
clements may, according to theories introduced by BARTELS [4] and CHAPMAN [5], be
cxplained by accepting as origin the existence of an electric current system in the ioniced
part of the atmosphere. In paper [6] the authors have made a close comparison between:
monthly mean values for the quiet diurnal hour data for magnetic elements at Dombds
for the year 1933, and BARTELS’ current diagram — according to directions given by
CuarmaN. This comparison, between observed and theoretical data, shows that therc
cxists an astonishingly good agreement. Especially is the agreement striking during
the interval when the day system passes, but the more complicated variation during
the passage of the weaker night system seems also to furnish a good description for the
variation actually observed.

CHAPMAN’S investigations seem to prove that the type of the quiet diurnal variation
is more or less constant, though on individual quiet days the extremes may occur earlier
or later than the average by an hour or more. The range, however, is subject to variation
from day to day, month to month, etc. This is exactly what can be read out of the curves
for Dombds, (cp. Fig. 3 and Fig. 4).
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The evidences regarding the variation of the point of time, when the extremes of
the quiet diurnal waves occur — in the way this has been exhibited in the tables 3—6
may very well be in good agreement with theory. It must in this connection be remembered
that BARTELS’ current diagram is idealized and consequently only comparable with
average data of the observed magnetic material.

CuaPMAN has on various occasions studied the variability of the range in the quiet
diurnal data and in a paper published in 1931 [7], he summed up the results of his investi-
gations as follows: »It is found that the ranges vary from day to day in an irregular way,
and that there is a definite correlation between ‘the changes in the different elemefits
and at different stations — the correlation being less, the more distant the stations.«
»It is found that very quiet days often occur in sequence of two or more, and that there
is a tendency for abnormalities of range to persist two or more days.«

The material exhibited in the present paper seems to verify CHAPMAN’S above given
conclusion fairly well. It may especially be pointed out that the »sequence of two or more
days« in the distribution of very quiet days holds good also when it concerns the most
disturbed days.

] {
‘ | al ]

O - - - » - - - 3 - = < . = . B -

Januse Februsr Mirg April Ma) Junl Juli Augus! September Okteber November

Fig. 6. Graph for the diurnal range of the chief extremes in the quiet diurnal wave of H at
Dombéas for every day in the year 1933.

In order to get a general view of the variability of the diurnal range of the chief
extremes in the quiet diurnal wave we have in Fig. 6 plotted the daily figure for range,
derived from the curves in Fig. 3. Examination of the curve in Fig. 6 shows that the
somewhat irregular variation from day to day is not without system. The annual wave
is dominant in the distribution, but a closer investigation shows plainly that compara-
tively high and comparatively low values group themselves so, that groups of high value
average about points of time which more or less coincide with the small arrows above,
while the groups of smaller values average at pointsinbetween. Theinterdistance between
the larger of these arrows is exactly 27 days, and suggests thus a relation between the
range of the quiet diurnal wave of magnetic elements and the rotation of the sun, as
mentioned on page 5.

It is well known that WoLFER has frequently pointed out the peculiarity of the
longitudinal distribution of the sunspots — namely that they have a strong tendency
to concentrate alorig two meridians, which have an interdistance of about 180°. The
grouping dbout’ one of these meridians is lieavier than that of the other and we have
thus a primary and a secondary drea of surispots building on the surface of the sun.

*" The mnature of the distribution of range in the quiet diurnal variation of magnetic
elements, such as this lias been exhibited by the curve in Fig. 6, corresponds exactly
to what miglit be expected as a terrestrial effect of the 27-day rotation of the spotted
sun, The somewhat irregular character in the figures for range from day to day is no

hllch
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doubt due to the constantly changing intensity in solar activity and it is therefore sur-
prising to find that the relation is so marked as that exhibited by Fig, 6.

In order to verify the 27-day periodicity in the range of the day extremes of the
quiet diurnal variation, in the way this phenomena has been illustrated in Fig. 6, we
have made a direct comparison between data for Dombas (above) in Fig. 7, and those
for Rude Skov (below). In the parallelism of the variation from day to day for the two
stations there occur occasionally some disagreement. These may in some cases be real,
but may also be due only to inexactness in the drawing of the curves for quiet diurnal
variation. On the whole the parallelism between data for the two stations may be said
to be fairly good.
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Tig. 7. Grlph for the range of the day-extremes in the quiet diurnal
wave of H at Dombéas (above) and Rude Skov (below) for two
winter- and two summer-months of the year 1933.

The connection belween BIRKELAND'S so-called ncyclo-mmeridian storm« and DELLINGER’S
discovery of simultaneousness in radio fade-outs: DELLINGER’S important discovery of
simultaneousness in radio fade-outs and certain special types of magnetic disturbances
has to be mentioned. DELLINGER’s discovery was published in a brief account in October
1935, [8], and the author’s suggestions were met with wide-spread interest. I'LEMING
[9] was the first to recognize that this special magnetic disturbance, occuring on quiet
days over the sunlit hemisphere alone, consisted of an augmentation of the normal quiet-
day diurnal variation. Further foundation for discussion was furnished in 1937 by:
DeLLINGER [10], Mc. NisH [11] and Cuapman [12].

DELLINGER states that sudden fade-outs of radio signals, reflected from the ionos-
phere, had been observed to have an apparent recurrence-tendency of about 54 days.
This does not agree with what can be seen in Fig. 6, where the recurrence-tendency
of augmentation in the normal quiet diurnal wave seems to be markedly related to the
sun-rotation period of 27 days. On the other hand, however, does not ability of chrono-
sphere eruptions to produce radio fade-outs seem entirely to depend upon the situation
of the active area on the Sun’s disc, as eruptions occuring on the limb of the Sun are
also reported to have produced fade-outs.
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The marked tendency of augmentation in the usual quiet diurnal wave of 27 days —
as seen in Fig. 6 — is in my opinion explainable by the fact, that the typical form of
the magnetic variation, simultaneous to the radio fade-outs, is difficult to recognize,
when, at just the same time, a regular magnetic storm is registered, and magnetic
storminess seems also to possess a recurrence-tendency of 27 days. It is, therefore, not
strange that DELLINGER found the figure: 54, which corresponds to 2 x 27 days.

It may also be mentioned that BIRKELAND discribed this special type of magnetic
disturbance — now known to be associated with radio fade-outs and bright chrono-
sphere eruption — though he failed to recognize that this special kind of disturbance
consisted of an augmentation of the normal quiet-day diurnal variation, as pointed out
by CuapMAN [12]. BIRKELAND designated, as we know, this special kind of disturbance
by »eyclo-median storm.

THE DIURNAL VARIATION OF STORMINESS.

In the preceding pages we have seen that it it is possible to work out data for quiet
diurnal variation of magnetic elements for every day. The results show plainly that
this procedure is the only one which can be generally accepted as satisfactory. On the
other hand, however, there is no doubt that average data for 7 — or even 30 — days,
as foundation for the separation of storminess data, may — in certain cases — be
justifiable,

However this be, it is clear that it will be of some consequency for the data for stor-
miness which procedure of the above mentioned, we make use of in regard to the Q-data.
In order to get this question settled, I have worked out a complete new set of hourly
data for the storminess in the H-component for Dombds for the year 1933, now based

Table 8. Comparison between S-data, when extracted by aid of 7-day normals for Q, (II)
and by aid of Q-dala for every day, (I).

AH | Jan. | Feb. | Mar. | Apr. | May, | Jun. | Jul. | Aug. | Sept. | Oct. | Nov. | Dec.

[ 1 l T ] T T T i1 T v l
m....|—28|—28|~—1.7|—0.2|—58|—09 —0.8| 1.6,—24|—15|—28|—19
r....—21/—23|—-30—26—46|—10| 06| 06|—14|—1.6|—1.7 —1.5

Table 9.
Date | AHj AH, Date | AH|; A H,
T T T | I
1 | —114 | — 64 13 3.3 1,9
2 | —11.1 | — 5.0 14 5.7 2.4
3 | — 98 | — 59 15 6.3 2.8
4 | — 66 | — 5.7 16 6.3 2.3
5 | — 39 | — 48 17 5.1 2.0
6 | — 20 | — 4.0 18 3.0 0.5
7 — 14 | — 24 19 25 | — 16
§ | — 04 | — 13 20 00 | — 1.0
9 | — 33 0.9 21 | — 39 | — 21
10 | — 2.0 | — 1.1 22 | —— 4.7 | — 5.2
i1 | — 03 0.9 23 — T4 | — 06.2
12 . ) 1.0 _ 1.5 24 | — 7.5 | — 57
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Fig. 8. Graph for mean monthly data for the diurnal variation of storminess in H at Dombas
for 1933. In curve I individual data for Q have been used by the separation of the S-data, while
in curve II, below, 7-day normals for Q have been employed.

on individual data for the quiet variation. To compare the two sets of data
I have, in Table 8, noted down mean monthly values for S, where II refers to data where
7-day tables for Q) have been used, while the new set of data — where individual figures
for Q were employed — are marked I. In Table 9 I have tabulated corresponding mean
annual data, I an II, for the diurnal variation of storminess.

In Fig. 8 I have plotted mean monthly data for the diurnal variation of storminess
in H at Dombas, where curve II below, represents data in which the 7-day normals for
Q have been used for the separation of storminess (cp. [1], the table on page 55), and
where curve I, above, represents such data, when individual data for Q have been employed.

We see from the two tables 8 and 9 that the two sets of data differ considerably,
and it is evident that the disagreement is still more marked in the single day tables.
We note that the values in the new tables are smaller in average than those in the original
tables, which, of course, might be expected.

As, however, the most characteristic feature in the diurnal variation of the S-data is
quite clear in both curves, the kind of procedure we employ for the separation is entirely
dependent on the use we intend to make of the results. For the following investigation
it is thus obvious that the individual Q-data have to be the foundation for the separation.

If we look at the tables containing hourly values for storminess for every day (such
tables have not been published for Dombds, but are of course at hand as manuscript)
we will notice that the figures for S are never equal to zero during a whole day — cven
for days pointed out by vanN Dijk as international types for calm days. The reason
is that the origin of the S-component in the variation of magnetic elements is never
out of action. It varies so that, during certain intervals, it diminishes in strength far
enough to make it insignificant for stations situated at lower.latitudes. At a station
so far north as Domba4s, however, the S-component will play a certain part in the variation,
even during the five internationally most calm days. It might, therefore, be of interest
to make a comparison between curves for storminess during the five internationally calm
days and the five most disturbed days,
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Table 10.
Hour P,
T
1 —12.7
2 —12.6
3 — 154
4 — 158
5 —15.2
6 —114
7 — 9.7
8 — 5.9
9 — 2.0
10 — 14
11 21
12 2.4
13 2.2
14 7.0
15 104
16 11.9
17 21.5
18 16.4
19 4.6
20 2.0
21 — 8.6
22 —18.6
23 —23.7
24 — 274
M —4.2
Table 11.
Month A4S,
T
Jan. .. 221
Feb. .. 368
Mar. .. 483
Apr. .. 353
May .. 888
Jun. .. 378
Jul.... 253
Aug. .. 425
Sep. 705
Oct. 224
Nov. .. 204
Dec. .. 327
M 402

— 05
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0.7

— 04
— 0.3
— 1.0
— 1.3
— 1.0

0.6

— 0.1

0.7

— 14
— 0.1

0.3

— 01

1.5
1.6
0.5

— 1.3
— 21
— 2.0
— 1.7
— 0.7
— 11
— 1.8

0.6

ASq

57
35
40
86
70
56
73
78
83
ol
88
55
65

In Table 10 I have noted down the yearly
average for the diurnal variation in the S-data for
the monthly five internationally most disturbed
days in H at Dombdés for the year 1933 — these
data signified by Pd. Under the heading Pg we find
corresponding data for the monthly five most calm
days.

Horizontal Intensity.

? ¢ 12 18 24
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-20
-30
Fig. 9. Comparison between the diurnal variation in

the storminess data for quiet and disturbed days in H
at Dombas for the year 1933. (notice the scale).

In Table 11 I give monthly averages for »absolute
storminess« (cp. [1], page 15), designated AS, where
the index d refers to disturbed days and ¢ to the
calm days. In Fig. 9 the data stated in Table 10 have
been plotted — above the figures for calm days,
marked @, and below those for the most disturbed
days, marked D. Time is L. M. T. and the scale
has been chosen fen times greater for the data referring
to calm days.

We see that the character of the diurnal wave
for disturbed days agrees well with that of the average
for all days — only that the amplitude here may
be put at 33 y, while the corresponding figure of
the yearly average for all days may be put at 14 y.

The diurnal wave in the data for calm days shows a somewhat different form, which
also must be expected according to theory. Before we enter upon any discussion of these
results (cp. page 22), however, we shall have a look at how the diurnal variation in the
S-data changes in reference to latitude,
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In Fig. 10 we give a graph plotted with monthly mean hour-data for storminess
in the H-component for 1933 of the three stations Tromso, Dombds and Rude Skov. The
geographical data for these stations are stated in Table 1, and here we see that longi-
tudinally they vary only between 9° and 19°E of Gr. We see that the positive and negative
perturbations are of considerable

magnitude at Tromsg, which I IO NYVWWEXX XIT an"

10
ov

station is situated only some few
minutes to the south of the line _
for places of thegreatest frequency L l I l ] I ] I I 1 1| Tromss.
of observed aurora. At Dombds
the value have diminished to
about 1/,, and at Rude Skov
they are still smaller. Rude Skov

As to the distribution of ! *
positive and negative perturb-
ations during the 24 hours, there

is a close connection between
Tromsg and Dombés—only thatin | | l ‘ I l

PS4 o t t ¢t ¢ o 8t o, Dombas

I l Tromsé.

average the maximum at Dombaés
occurs about one hour later, and
the minimum 2 hours later than
at Tromsg. At Rude Skov, how-
ever, maximum and minimum NSY{FT T1T°°¢ l T4V VT Y Dombs.
have changed places in com-
parison to the two other stations.
To get a general view of these L‘ T3 ¥ 5 VF T V¥V Rude Skow
occurrences we have worked out
Table 12, where we find data for
maximum, minimumand the point
of time when they occur, besides

the amplitudes. ' l l l ' R I l I ] Tromss.

In Fig. 11 we have, for
the same three stations, plotted
monthly mean data for pos. and
neg. diurnal variation in H for P.S.-N.5]
1933, besides data for (PS—NS)
(cp. [1] p. 15*%). We notice the

| I TP Dombds.

characteristic development in re- Li T V8 YT Rude Skov
ference to latitude. Fig. 11. Graph illustrating latitudinal development in

To get a still broader view  monthly mean data for pos. and neg. diurnal variation
of the problem, we have in Fig. 12 in H for 1933, besides such data for (PS—NS).

plotted the mean monthly diurnal
waves in the S-data for D, H and ¥V of June 1933, not only for the three stations,
mentioned above, but also added corresponding data for the two stations Sitka (Alaska)
and Godhavn (Greenland), (6] p. 8). —in all cases the curves are referred to L. M. T.
From this graph we see that the curves for diurnal variation at Sitka are very closely
connected with corresponding data from Dombas, in spite of the fact that the Sitka
station is situated more than 144° — 9" 36™ — to the west of Dombds. A glance at the
curves for Godhavn shows that also this station indicates a diurnal variation in the
S-data of the same character as that of the other stiatons, but in comparison with Dombés
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Fig. 12. Mean monthly diurnal variation in the S-data for D, H and V for June 1933 for
the five stations named in the figure.

or Tromsg we will notice, that while the curve for ¥ runs more or less parallel to the
corresponding curves for said stations, the curves for D — and still more that for H
— differ considerably. These particulatities are no doubt due to the singular geo-magnetic
situation of Godhavn, where the quiet diurnal variation also present certain peculiarities

(cp- [6]).

The seasonal change in the diurnal variation of the S-data compared to that of the diurnal
variation of the Q-data;

We have seen that the Q-data, as well as the S-data, of magnetic elements present
nicely developed diurnal variation. This diurnal variation is for both kind of data subject
to seasonal changes due to the Sun’s varying altitude, as well as to the varying relative
situation in reference to the rotating movements of the Sun and the Earth. To get a
general view of these phenomenz we shall here give the illustration in Fig. 13, where
we can compare the seasonal changes in the diurnal variation for the (-data and the
S-data in regard to the changes in the hour point for maximum and minimum, besides
the change in the amplitudes. As basis for this examination we have chosen the average
curves for the epoch 1923—33, [3].
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Tig. 13. Graph illustrating the seasonal change in the point of time for maximum and minimum,
besides the amplitude of the Q-data, as well as for the S-data, of D, H and V for Dombas.
Average data 1923—33.

We shall leave out the full tables and only give average annual figures — in Table 13
for the size of the wave, and in Table 14 for the point of time for the various occurrences
in the S-data.

Graphs for the seasonal change in the zero-point passage of the diurnal variation
have been left out, as no decided variation of this kind seems to occur, except in the
16 o’clock zero-point passage of the D-curve, where June and July figures with the hour
20, while the rest of the months average about 16 o’clock.

For each of the elements the hour division will be found horizontally above, while
the month-scale — vertically to the left — has been divided into two parts — upwards
for the maximum curves and downwards for the minimum curves. To the right of each
set of curves we have added curves for the seasonal change in the range of the diurnal
variation. The plotting of the Q-data has been done directly with the values stated
in paper [11, while for the plotting of the S-data we have given the figures slight smoothing.
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In the S-data for declination we have recorded two maxima — one about 7 o’clock
and one about 14 o’clock (cp. the tables 13 and 14). Looking at the curves for the (-
data we will see that the seasonal curve for maximum will more or less cover the fore-
noon curve for the S-data, which fact may point in the direction that the secondary
7 o’clock maximum in the S-data is not real, but only due to small systematic errors in
the drawing of the Q-curves. A systematic error of this kind may very well occur, because
the form of the diurnal variation of the Q-curves depends in each special case on judge-
ment as to whether each individual hour ordinate might be considered quiet or not,

As to the variation in the diurnal range during the year we notice maximal values
in all the three elements in March and October, and minimum points in the middle of
the summer and at new year.

Table 13.
Max.
Element Min. Ampl.
a.m p.m.
f { 1 {
D 2, 2.2 — 8.6 10.8
H — 9.7 — 154 251
17 — 10.6 —18.4 29.0
Table 14.
7 Max. 7
Element i S0 Min.
pass. pass.
a. m. pP.m,
h m h m h m h m h m
D 4 35| 6 47 |14 1216 05| 21 45
H 11 10 — 15 2519 10 1 08
v S 47 — 16 28 | 20 27 0 42

Discussion: Before discussing the results obtained in the previous pages we shall
have a look at the theory of magnetic storminess in regard to how this side of the question
stands today.

While the theory concerning the (-data of magnetic elements has had consider-
able development during the last years, because new and promising evidences have been
discovered, the theory of the S-data seems more or less to stand where it stood, when
BIRKELAND in 1908 published his great, classic work [2], in which is also included SToR-
MER'S famous calculation of the trajections of negative electrically charged electrons
radiated by the sun towards the earth.

It may, however, in this connection be mentioned that also in regard to the variation
of the S-data some few new evidences are pointed out and that these may prove to be
of high importance for further development of the already existing current-system
theories for the disturbance field of magnetic variation. These evidences are the dis-
covery of the ionized layer F, at about 250 km, the records of echo signals from still
higher altitudes, besides STORMER’S photographs of the so called sunlit aurora at a height
of 700 to 800 km. A review of the evidences in regard to the S-data up to the present
date is to be had through [14].
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It will be known that objections have been raised against the physical tenability
of the BIRKELAND—STORMER theories. From a physical point of view there seems to
be a discrepancy between the electrostatic repulsion of the individual electrons and the
large concentrations of the precipitation demanded to produce a magnetic field strong
enough to account for the intensity of the perturbations during magnetic storminess.

However this be, the ionized regions above the auroral zones seem satisfactorily
explained by BIRKELAND and STERMER’S theories. The particularities of the phenomenon
here being due to the deflection in the Earth’s magnetic field of streams of charged
particles coming from the sun, which must necessarily enter the atmosphere in a fairly
limited region round each pole. :

There seems to be no doubt that magnetic storminess is due to variations in —
or caused by — some kind of electric current-system — or systems — situated above
the Earth’s surface in one or other of the highly ioniced regions at heights of about
100 km, 180 km and 250 km respectively. Regarding the form and location of the supposed
current-system — or systems — BIRKELAND has proposed one and, among others,
CHAPMAN proposed another. [15].

As long as details of the theory are so uncertain as they actually are at the present
time, we shall discuss the results for the S-data only in regard to evidences and see if
there exists agreement between what can be extracted from our material — consisting
of average data — and that used by BIRKELAND — individual data. BIRKELAND
founded, as we know, his investigations on a large collection of records for different
types for magnetic storminess — individual cases — while the evidences exhibited in
the preceding pages are based on average diurnal data.

Regarding the changes in the diurnal variation of storminess with latitude we have
Fig. 11 and the data stated in Table 12, where we see that the perturbations decrease
rapidly with the distance from the storm centre, so that the Dombds data for P, is
only 22 9%, and 13 9, of that at Tromsg, for positive and negative perturbations respec-
tively. At Rude Skov the values are still smaller and here they have changed sign, so that
maximum at Tromsg and Dombas corresponds to minimum at Rude Skov. The average
positive deflections at Tromsg are seen to be only 34 9, of those in negative directions.
These evidences are in full harmony with what BiRKELAND found for his individual
cases of moderate storms.

The latitudinal development is also seen from Fig. 12. Comparing the average L.M. T.
diurnal variation of storminess at Dombds and Sitka to such dato for the individual
cases we see almost complete parallelism, while consequently a comparison in reference
to Gr. M. T. would give »current arrows« equal to those found by BIRKELAND for his
individual cases.

In Fig. 14 we give a graph for the average diurnal waves in the storminess of D,
H and V for Dombis for the epoch 1923—33, and below we find the vector diagram
for D and H. This figure presents an excellent illustrates of the entire development
of the polar storm in reference to time, or, if we look at the thing geographically, it illustra-
tes the development from station to station along the geomagnetical parallel of said station.

Changes, caused by varying intensity in the current system, or rather the terrestrial
magnetic effect of such variation, get a good expression in what is stated in the two
tables 10 and 11, and in the graph in Fig. 9. According to BIRKELAND'S way of expressing
it, the current arrows will, during intervals of quiet magnetic conditions, bend east (or
west) at a higher northern latitude, than is the case during intervals of increased stor-
miness — which fact gets its expression in the characteristic difference in the diurnal
waves of the Q- and D-data in Fig. 9 — especially if we added the corresponding curves
for declination.
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To wind up the different points in the results of the investigations of the average
data for the diurnal variation in the magnelic storminess we may [inally, concerning
the seasonal changes exhibited in Tig. 13, express it so: Independent of the existing
theory it seems quite clear that the evidences, here exhibited, are a natural consequence
of the interplay between the diurnal revolution of the Earth under influence of a more
or less fixed current system, or systems — and its changing terrestrial-magnetic effects
with the annual passage of the Earth along the ecliptic.

Storminess 1923-33 Dombas
9 ¢ 12 18 24 10
| S TN TR T Y Y S T T IO IO T S S S S I S I | ' E s?
LMT 0

ftffnlél.'.

[T7v v;ll” D

Tig. 14. The diurnal variation of D, H and V in the

storminess data at Dombas as average curves for the

epoch 1923—33. Below we have the vector diagram
for D and H.
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