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THE AURORAL OBSERVATORY AT TROMSO
(p = 69°39'.8 N, 2 = 18°56'.9 E Gr,)

RESULTS OF RADIO ECHO OBSERVATIONS
FOR THE YEARS 1935 AND 1936

BY

LEIV HARANG

§ 1.- INTRODUCTION.

The successive developments of methods for investigations of the ionized regions
in the upper atmosphere, the fonosphere, have presented a new source of information
regarding the physical conditions of the upper atmosphere. According to the current
theories of aurorae and earth magnetic storms, the main origin of these phenomena
is associated with the effects of intrusion of electrically charged particles in the upper
atmosphere. The ionospheric studies during the last years have revealed a close con-
nection between the appearance of aurorae, earth magnetic storms and changes within
the ionosphere. It will, therefore, be desirable to incorporate the study of the ionos-
phere ir the niain programme of observations at the Observatory and to find a mode to
present the results of the current ionospheric observations.

From a geophysical point of view it will be desirable to have a description of the
electric state of the ionosphere as a tunction of the height throughout the year, this deter-
mined at a number of places selected on the globe. In the following, a presentation of
the results of the critical frequency determinations of the layers in the period April
1935—December 1936 will be given. It is intended that a similar report appear annually.

Through the courtesy of the Director of The National Physical Laboratory (Ted-
dington, England), we were allowed to copy the transmitter and receiver developed
for radio echo experiments at The Radio Research Station (Slough). We wish to ex-
express our sincere thanks to the former superintendent of the Radio Research Station,
Mr. R. A. WaTsoN WATT, and to Messrs. J. F. HErD (), L. H. BAINBRIDGE-BELL and
R. NaismiTH, who have conducted the construction and copying of the instruments.
We also wish to express our sincere thanks to Prof. E. V. AppLETON, F. R. S., for most
valuable discussions and suggestions concerning the preparations and plans for obser-
vations.

The purchase of the apparatus was made possible through a grant of 5.000 kr.
from Statens Videnskapelige Forskningsfond and through grants from Norsk Riks-
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kringkasting (The Norwegian Broadcasting Company) amounting to 6.000 kr. For
these financial supports and for grants later received for carrying through the programme
of observations and preparing the results for publication, we wish to express our sincere
thanks.

§ 2. METHOD OF OBSERVATION AND INSTRUMENTAL EQUIPMENT.

Tl:e existence of the ionized layers by direct reflection of the waves was first proved
by APPLETON by the angle of incidence method, and later by the frequency change
method by APPLETON and BarRNETT.! In 1926 BRreiT and Tuvr introduced the
group retardation or pulse method? which is the most convenient method and
now almost exclusively used. This method is also used in the observations treated
in this paper. As well known, the method consists of sending out very short signals
frem a transmitter. In a receiver one first obtains the direct signal, the ground-
wave, and shortly after the reflected signal, the echo. The time-difference between
these two signals is measured out by a cothode ray oscillograph. Concerning details of
the constraction of the pulse transmitter and receiver, we refer to the discussion on
this problem in the book by WaTsoN WATT, HERD and BAINBRIDGE-BELL: The Cathode
Ray Oscillograph in Radio Research, p. 110—120 (London 1935). The transmitter
consisted of a Hartley oscillator modulated through a thyratron circuit with 50 pulses
per sec. locked to the frequency of the mains. The receiver was of the superheterodyne
type especially designed for handling short pulses without distortion and lengthening.
The receiver was provided with two sets of cathode ray oscillagraphs, one for recor-
ding and the other for simultaneous visual observations of the echo. The time base of
the oscillographs was locked to the net frequency, and the ground-wave and the echoes
therefore appeared at the same place on the screen and a steady picture was obtained.

As will be explained later, the most important quantity to be measured by these
echo experiments is the critical frequencies of the layers, i.e. the limiting penetrating
frequencies. This involves observations of the echoes appearing over a considerable
frequency range, usually 1.0—12.0 Mgc/sec. The following procedure was used for
recording the echoes appearing over a greater frequency range, (see the above mentioned
book by W. W., H. and B-B. p. 118; and also R. Naismity, Nature, 733, 66 (1934).
The oscillograph screen was masked so that the time base alone showed through a slit.
The condensor of the transmitter was turned slowly by a motor and the tuning of the
receiver was carried out by by hand watching the echoes appearing on one of the oscillo-
graps. At the same time the echoes appearing on the other oscillograph through the
slit on the screen were photographed on a moving strip of photographic paper. For
calibration of the oscillographs a frequency of 3000 cycles/sec. was ued.

The pulse transmitter was during the first year placed in a small hut about 160 m
outside the Observatory, the receiver was placed in the observatory building. During
winter time at low temperatures we had difficulties with the thyratron valve in the
transmitter, and from February 1936 the transmitter was placed in the same room as
the receiver, the distance between the transmitter and receiver thus being about 1.5 m.
The transmitting and receiving was performed on two crossed dipoles.

1 Nature, 774, 333 (1925), Proc. Roy. Soc. A 709, 621 (1925), Proc. Roy. Soc. A 773,
450 (1926). g

2 Phys. Rev., 28, 554 (1926).
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According to the theory of propagation of radio waves in an ionized gas in presence
of the earth magnetic field!, a signal will be split up in several components with diffe-
rent states of polarisation depending on the direction of propagation relative to the
earth’s magnetic field. At high latitudes as in Tromsg where the direction of
propagation at vertical incidence will be approximately along the direction of the
field, a signal will be split up in three circular polarized components, two having the
same and the third having opposite senses of rotation, all of which having different
values of refractive indices and coefficients of absorbtion. Usually one of these three
components is totally absorbed (except in high latitudes as in Tromsg during winter
time, where it may be observed),® and from the magnetoionic theory the electron
density N at the reflection point at vertical incidence is given by the following equations,
including the polarisation term:

N = 3”? . f2 = 1.87 . 1078 /2 (ordinary component)
2e
3am = .
N = P (f2—fyf) = 1.87.1078 (f2—1.39-10 ©{) (extraordinary component)
e

Here ¢ and s are the charge and mass of the electron, f is the frequency of the

Hge
radio waves and f; = —2 is the gyro frequency of the free electron which is de-

2name

termined by the earth’s magnetic field H,. For Tromsg is f; = 1.39 Mgc/sec.

By echo experiments the critical frequencies, 7. e. the limiting frequencies which
just penetrate the layers, can be determined and from these the maximum electron
density of the layer is computed by means of the equations given above. The critical
frequencies, or, the maximum electron density is the quantity which in the following
is regarded as the most convenient measure for the ionisation in the layer.

The systematic radio echo observations have shown that the ionosphere consists
of two main divisions, the lower Kennelly-Heaviside-layer or E-layer at about 120 km
height and the Appleton- or F-layer at about 230 km height. The F-layer shows in day
time a ledge in the ionisation curve at the lower boundary which sometimes deepens
to a stratification. The ledge is named as the F,-layer and the main layer as the F,-
layer. The most complete expression of the results of echorecords taken over a greater
frequency range, is the P’, f-curve,® which gives the equivalent height (or the path which
is the double amount of the height at vertical incidence) of the reflection point as a
function of the frequency. ' '

The equivalent heights are computed from the time difference measured between
the reception of the ground-wave and the echoes, putting the group velocity of the sig-
nals equal to the velocity of light. As the group velocity is always smaller than the phase
velocity, the computed equivalent heights are always greater than the geometrical
heights. Especially in the vicinity of the critical frequencies the group velocity decreases
strongly and the equivalent heights here computed differ considerably from the gecmé-
trical heights. In the following tables the character of the P’, f-curves is taken as an
indication of the gradient of the electron density in the layers, as a change in the gra-
dient will alter the, character of the P’, f-curve. On Fig. 1 a number of echo records

1 AppLETON, J. Inst. Electr. Eng., 77, 642 (1932). 2 Harang, Terr. Mag. 47, 143 (1936).
3 APPLETON, Proc. Phys: Soc., 42, 321 (1930).
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are reproduced showing the types of records obtained during summer and winter con-
ditions, and below the P, f-curves deduced from these records are drawn up. 4 and C
give the typical character of the P’, f-curve during summer and winter time respecti-
vely. During spring and autumn there is a gradual developement between these types.

§ 3. PRINCIPLES FOR TABULATION OF THE OBSERVATIONS.

At an earth magnetic highly disturbed place like Tromsg, lying in the vicinity
of the auroral zone, the influence of the earthmagnetic storms and aurorae will be super-
imposed on the diurnal and annual variations of the electron density in the ionosphere,
which are due to the varying heights of the Sun. It is, therefore, necessary when using
the tables to be aware of the effects of the earth magnetic storms and aurorae on the
P’, f-curves recorded. These are summerized as follows:!

1. Momentary formation of a new layer in the level of the E-layer during the storm.

2. Formation of an absorbing layer below the usual E-layer during the most intense
phase of the storm, cessation of echoes on all wave lengths.

3. During and after the storm, high F-layers are formed which show decreasing heights
with time.

4. In periods of great earth magnetic activity the noon values of the critical frequen-
cies of the Fj-and F,layers are reduced.

5. During periods of earth magnetic activity the P’, f-curves vary due to changes in
the gradient of the electron density.

6. During periods of earth-magnetic activity the reflection coefficient of the layers
decreases.

Observations for determining the critical frequencies and the P’, f-curves
have been taken regularly at 10h, 12h, and 14h Jocal time, usually on six days in the
week. At intervals, day runs during which the P’, f-curves were determined each half
hour during 24 or 36 hours were undertaken in order to obtain the diurnal variations at
different seasons, and for studying the influence of the aurorae and the earth-magnetic
storms.

In the following tables the results of the critical frequency determinations taken
regularly during the day will be given. The following quantities have been tabulated:

The critical frequency of the ordinary component (i. e. the lower of the two criti-
cal frequencies). For the F,- and F,-layers the ordinary and extraordinary components
are usually identified easily. For the E-layer the extraordinary component is usually
absorbed totally and only the ordinary component is visible as a critical frequency.2

The reflection coefficient (REFL. COEFF.) estimated from the intensity and
numbers of the multiple reflections, as high (H), medium (M), low (L) and very
low (VL).

The column headed NOTES contains a characterization of the P’, f-curve.

In the last column the earth-magnetic activity during the day is characterized.
(The hourly values of the activity, the Storminess, is tabulated in the Obseryatory’s
yearbook on the results of the earth-magnetic registrations, publication No. 8 and 12).

t AppLETON, NaisMiTH and BuUILDER, Nature, 732, 340 (1933). A more detailed and quanti-
tative study of the effects are given in the following papers: Harang, Gerl. Beitriage zur Geophysik,
46, 438 (1936), Terr. Mag., 47, 143 (1936), Terr. Mag., 42, (1937), Geofysiske Publikasjoner Vol. XIII,
No. 17 (1937), Oslo).

3 RatcLIFre and E. L. C. WHite, Phil. Mag., 16, 125 (1933).
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In the tables, N.R. denotes No Records and TR. denotes that only Traces of echoes
have been recorded.

At the end of the yearbook, summary tables and figures are given. Further repro-
duction of typical records for critical frequency determinations during quiet and earth-
magnetic disturbed conditions are given. The typical diurnal maximum electron density
curves for the layers at different seasons of the year given in fig. 3 have been computed
from the critical frequencies observed using the equations given on p. 5.

From the summary tables and also from fig. 1 it is evident that a considerable
annual increase in the values of the critical frequencies from 1935 to 1936 was observed.
For the F,-layer this increase was so great that the wave range of the transmitter and
receiver had to be extended in order to obtain the critical frequencies recorded in some
cases. For a short period in the autumn 1936 we have, therefore, not obtained the criti-
cal frequencies on some days with very high values. This is indicated in the tables by
marking out the values by <, and in fig. 1 by a vertical arrow. Judging from the
character of the P’, f-curve and the gradual increase of the equivalent heights with
frequency, the actual critical frequencies on these days are not more than 0.5—1.0
Mgc/sec. greater than the minimum values given in the tables.

We wish to express our thanks to M. JACOBSEN, instrument maker, and Mr. T.
MEeLKILD who have assisted during the observations.



8

LEIV HARANG Kosmisk Fysikk

TFig. 1. Echo Records.

A. Record taken 27/5 1935 at 9h 10m MET. E-, F,~-and F,-layers are
present. Summer conditions of the jonosphere.

B. Record taken 4/7 1935 at 15h 05m MET,

C. Record taken 12/10 1936 at 11h MET. Only E- and F,-layer, with
high critical frequencies of the F,-layer. Winter conditions of the
ionosphere.

D and E. Records taken 10/10 1935 at 18h 05m and 18h 11 mMET/ during
an earthmagnetic disturbance. A number of iayers in the E-niveaun
and between E and F are appearing. Typical record during an earth-
magnetic disturbance of moderate strength accompanied by auroral.
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Fig. 3.
Diurnal variations of the maximum electron-
densities in the E-, F,- and F,-layers during
winter, spring and summer time, computed from
the critical frequencies recorded. In the figures 0
and ;. designate the maximum electron-density N
in the F,-layer computed from the ordinary and
extraordinary component, + the maximum elec-
tron-density in the F, -layer computed from the
ordinary component and [ the maximum electron-
density in the E-layer computed from the ordinary
component.

The earthmagnetic records from the observatory
are reprodurced at the top of each figure.
The broken line indicates the time of sunset (and
sunrise) in different heights, the two lines indicate
the position of the Earth’s shadow with and with-
out taking the effect of refraction into account.
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APRIL 1935
CRITICAL  PREQUENCIES IN  MGC/SEC
F, - LAYER E - LAYER F, - LAYER
2 L REFL.
h h h h n h h h h

DAY | 10 12 14 10 12 14 10 12 148 | cogr. NOTES SARTA MAGWETIC CONDITIONS

1 5.68 2.85 M| WORMAL P',F-CURVE, ET-LAYER VERY QUIET

2

3

4 6.45 2.62 ] “ o SMALL DISTURBANCE

5 5.40 2.68 M-L " n VERY QUIET

6 5.40 2,68 L L/ " @, 4

7

W u

8 5.50 2.45 L} QUIET

9

10 6.74 2,20 M | IRREGULAR " GREAT STORM APTFROACHING
11

12

13

14

15 :
16 5.80 2,66 L | IRREGULAR " SMALL DI STURBANCE
17

18 §.00 5.88 VL | N0 E-ECHOES STORM

19 4.80 2.62 L | NORMAL P' F-CURVE SOME DI STURBANCE
20 5.06 2.52 3.98 M * o QIET

21 4,90 2.68 M L & =
22 5.66 2.70 3.90 M = 0 0
23 5.30 2.59 3.90 ML | ONLY TRACES OP F-ECHOES SOME DISTURBANCE
24 2.66 VL | IRREGULAR P',P-CURVE QUIET,STORM PRECEEDING NIGHT
25 (4.40) 2,62 wove | momar " QUIET
26 5.00 2.80 3.88 M-L o 0 0
27 4.92 2.70 3.90 ¥ - " uJ
28 5.02 £2.80 L 2 " W
29 4.68 2.72 4.00 VL i/ L] .
30 5.00 2,70 4.08 L-VL O . D
M: 5.30 2.63 3.94
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MAY 1935
CRITICAL FREQUENCIES 1IN  MGC/SEC
P, - LAYER E - LAYER Fy - LAYER REFL.
paY] 107 12 14" 10F  12P 4P 10" 12 147 | cogr, NOTES EARTH MAGNETIC CONDITIONS
1 5.00 2.82 4.00 M| HORMAL P',P-CURVE QUIET
2 M.E. 10 ECHOES GREAT STORM
3 5.50 2.72 4.10 M | NORMAL P!, 6P-CURVE SMALL DISTURBANCE
4 5.38 2.80 4.05 M " " QUIET
5 5.38 2.90 4.05 " N " VERY GUIET
6 5.60 3.00 4.15 ML " " QUIET
7 5.65 3.00 4.14 v " " "
8| 5.30 5.73 5.90 3.00 3.10 2.80 4.10 u " " n
9| 5.91 6.12 5.58 2.96 ] " ", M-REFLECTIONS i
10| 6.32 5.98 5.82 3.15  3.10  3.90 4.12  4.16  4.20 H-K " ", TRACES oF Bl "
11 4.72 4.50 (4.50) 2.80 2.82 3.97 L-VL ABNORMAL GREAT Fl-LEDGE STORM PRECEEDING NIGHT
12 | SCATTERED ECHOES SCATTERED ECHOE: VL | ONLY F-ECHOES " " "
13| 5.21 TR, N.E. N0  ECHOES L " " " " «
14| 4.80 5.10 4.87 2.80 L | IRREGULAR P*,P-CURVE GULET
15| 5.85 5.56 5.52 3.00 2.78 # | NORMAL P',F-CURVE "
16| s5.85 STORM
17 NO RECORDS QIET
18] 5.106 5.12 2.66 NO ECHOES 4.00 L A " VERY QUIET
19 4.85 4.86 2.80 2.75 L-VL | IRREGULAR P',F-CURVE STORM PRECEEDING NIGHT
20 | NO ECHOES 14.10) 3.13 " " GREAT STORM
21 | 4.32 3.82 VL " " QUIET
22 TRACES 4.15 2.80 VL | TRACES OF F-ECHOES SMALL DTSTURBANCE
23| 4.83 1R. TRACES vL " " @WIET
24| 4.86 4.82 4.74 M-L | NORMAL P, F-CURVE,HIGH E-IONISATION QUIET
25| 4.82 4.78 H.E. 2.80 3.90 3.96 L " 3 QUIET
26| 4.80 4.80 5.00 2.97 2.97 2.60 4.18  4.00 3.94 M " v, EMpavEr N
27 | 4.92 5.62 4.95 2.78 3.22 3.00 4.03  4.00 3.95 H-M " " SMALL DISTURBANCE
28| 5.38 5.29 5.05 2.60 2.84 2.73 3.95  4.10 M " " " "
29} 5.20 5.14 4.10 o i " ,HIGH E-IONISATION " "
30| 5.85 5.50 '3 " " SOME DISTURBANCE
31} 5.06 4.80 5.08 3.08 3.10 3.10 4,13 4.12  4.04 M-L " " QUIET
M 5.22  5.31  5.06 2.88 2,95 2.88 4.04 4.06 4.02
JUNE
11 6.05 5.85 5.32 2.75 3.02 2.80 4.25  4.12 4.17 M | NORMAL Pt F-CURVE GUIET
2 5.90 5.72 3.45 2.80 4.16 4.20 K " " N
3| ne. 5.835 5.35 4.30  4.20 L . " SMALL DISTURBANCE
4{ 5.30 5.62 5.65 2,98 3.02 2.80 4.22  4.22  4.20 u . " " "
5| 5.92 5.70 6.00 2.99 3.03 2.93 4.21 4.10 M i " " "
[ 5.03 .00 3.21 4.23 L " " ! "
7| 6.08 5.75 5.13 3.02  3.08 2.94 4.22  4.25 4.08 M " " " "
8 KO  ECHOES NO ECHOES GREAT STORM
9 5.09 3.25 4.20 M | IRREGULAR P',F-CURVE " "
10| FAINT F 4.77 2.80 4.05 VL b " STORM
11 NO ECHOES NO ECHOES "
12| 4.72  4.85 4,70 2.89 2.80 2.85 4.16 L | IRREGULAR P',F-CURVE SOME DISTURBANCE
13| 5.08 5.25 4,90 2.74 N,E. 2,93 L " i " 4
14 5.24 5.18 3.02 2.90 4.16 4.22 M | NORMAL P!, P-CURVE QUIET
15 5.82 5.40 . 5.20 3.05 2.93 2.93 4.38 ,4.26 4.25 ML " " VERY QUIET
16 5.67 L-VL " " QIET
17{ 6.03 5.92 5.50 3.12  3.20 2.85 4.28 4,25 4.23 N N " "
18| 5.46 5.60 L.E. NO E-ECHOES 4.23 4.25 M-L " N STORM
19| 4.60 4.70 4.88 2.80 2.85 2.90 4.08 4.15 4.10 L | IRREGULAR P! F-CURVE SMALL STORM
20] 5.21 5.25 4.82 3.10 4.2¢  4.16 VL 4 " SOME DISTURBANCE
21| 5.28 5.60 5.57 2.15  3.20 2,87 4.32 VL | NORMAL P',F-CURVE SMALL DISTURBANCE
22| 5.60 QUIET
23 NO REGORDS "
24| 5.94 5.75 5.45 3.00 3.15 4.30 4.25 4.20 M | NORMAL P',F-CURVE n
25 5.63 5.86 5.85 4.34 ¥ i 2 LHIGH E-TONISATION "
26| 5.93 5.44 5.40 3.30 4.23| L-VL " " "
27| 5.73 (5.80! 5.50 3.20 3.40 2.83 4.28 4.30 4.20 N b o SMALL DISTURBANCE
28| 5.73 5.68 5.85 4.18  4.27 4.30 ] B ® o "
29| 4.77 5.00 N.E. 3.08 3.10 4.10 L " " SOME DISTURBANCE
30 5.05 5.07 3.10 3.0 4.20 L " u " L
¥ 5.51 5.48 5.31 2.98 3.17 2.95 4.22  4.23  4.20
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JULY 1935
CRITICAL FREQUENCIES 1IN MOC/SEC
F, - LAYER E - LAYER F, - LAYER REFLS

pay| 107 12" 14 10" 1P 4P 10" 12" 14" [corr. NOTES EARTH MAGNETIC CONDITIONS
1 | 5.32 5.083 5.13 | 2.19 2.90 2.83 | 4.15 4.22 4,22 | H-M | NORMAL P',F-CURVE SMALL DISTURBANCE
2 | 5.35 s5.27 5.19 | 3.03 3.11 2,70 |[4.28 4.30 4.20 M| i " Q

3 5.53 5.12 5.30 3.40 3.30 3.18 4.18 4.%0 N 2 H QUIET

4 | 5.50 5.03 5.30 | 2.90 3.40 4.15 EI L P L]

6 | 5.50 5.63 5.30 | 2.95 upiln b VERY QUIET

6 | 5.45 5.66 5.27 | 3,08 3.22 3.30 |4.32 WillE? " ;. b

ki 6.00 5.52 2.81 2.81 4,12  4.20 | M-L L) J QIET

8 | (6.90) N.E. TR. NO E-ECHOES 4.05 ¥ | IRREGULAR " GREAT STORM

9 ¥.E. 4.21 2.80 L-VL - - SOME DISTURBANCE
10 [ 5.18 5.10 5.10 4.12  4.23 4.09 | M-L | NORMAL u QIET

11 | 6.03 6.60 5.62 5.12 2.94 | 4.40 4.35 4.23 | M-L | " n n

12 | 5.28 5.12 5.12 3.00 2.69 |4.16 4.32 4.20 [ u SMALL DISTURBANCE
13| 5.42 5.24 s.60 | 2.90 3.17 (2.65) | 4.30 4.33 4.32 | ¥-L | " " UIET

14 NO ECHOES NO ECHOES SMALL DISTURBANCE
15 | s.22 5.30 4.98 | 2.80 3.20 2.90 |4.21 4.23 4.13 M | NORMAL G u W

16 5.60 5.42 5.10 NO E-ECHOES 4.16 4.28 4.19 M tt s " ft

17 5.561 5.58 5.10 2.87 2.97 2.71 4.24 4.2 H-M " = @IET

18 | 5.50 5.12 5.10 | 2.70 (3.03) | 4.28 4.28 S el " s

19 TRACES TRACES VL { IRREGULAR 0 SMALL DISTURBANCE
20 | 4.5 (4.60) 5,06 | 3.20 3.20 3.00 | 4,13 4.18 4.10 L QIET

21 (5.68) 4.13 ¥ | nORMAL i SOME DISTURBANCE
22 | N.E. 6.10 5.20 NO E-ECHOES 4,08 L[ " " " D

23 5.12 5.28 5.20 2.80 3.10 2.82 4.02 4.08 4.15 L = ®

24 | X.B. 5.15 5,45 | N.k. 2.92 2.83 4.30 4.15 M " L]
5 | N.E. 4.82 N.E. | N.E. 2.90 (3.93) L STORM

26 | (4.50) (4.98) &l vL CUIET

27 | VERY FAINT ECHOES vL SMALL DISTURBANCE
28 NO RECORDS i 0

29 4.95 4.98 4,13  4.12 L " E

30 | (4.50) 4.70 4.05 4,05 | M-L | NORMAL P',P-CURVE QUIET

31 4.85 TR. (3.50) 4.12 Ml" " SMALL DISTURBANCE
u: 5.34 5.26 5.19 | 2.99 3.09 2.91 | 4,18 4.20 4.17

AUGUST

1| s.22 s5.35 s5.22 |.2.70 2.80 3.94 4.10 4.03 IRRETULAR P',P-CURVE SMALL DISTURBANCE
2 | (4.70) 5.05 4.80 | (3.50) 4.13  4.10 NORMAL Pt ,P-CURVE Q@IET

3 | (4.60) 5.27 5.00 3.00 4.04 4.00 4.00 1] @ W

4 RO RECORDS >

5 | 4.80 4.95 5.02 4.12  4.12  4.16 IRAEGULAR " SMALL DISTURBANCE
6 TR, 4.93 4.13 H . 2 -

7 | (4.85) 5.00 2.70 4.00 4.17  4.00 NORMAL e L] -

8 | 5.08 5.06 5.00 [ 2.90 4.14  4.21 4.11 W 0 @IET

9 | TR. 5.28 5.12 3.30 2,93 4.02 SMALL DISTURBANCE
10 TR. 5.50 TR. 4.26 4,20 4.20 ) l L] W

11 NO RECORDS QIET

12 BAD L W o 5

13 | 5.42 5.68 5.20 | 2.90 4.14 4.30 4.15 { o P

14 | 5.85 5.30 5.62 [ 3,08 3.16 3.00 | 4.30 o J D

15 | 5.43 5,56 | 3.15 3.10 " 2 0

16 | 5.85 5.35 N.R. | 3.07 3.00 4,12 4.21 4.13 v - SMALL DISTURBANCE
17 | TR. 5.04 4.85 [ 2.70 v4.04  4.06 L " HIGH E-IONISATION Q@IET

18 ¥0 RECORDS C

19 | 5.70 6.20 6.12 4.10 ) 00 g SMALL DISTURBANCE
20 BAD RECORDS 4.00 W o

21 @ @ 3.97 3.96 R L L ¥

22 @ G 4.05 3.98 IRREGULAR " SOME DISTURBANCE
23 Q 0 NO ECHOES SMALL D

24 | 5.18 5.28 4.05 QUIET

25 NO RECORDS NORMAL P! ,F-CURVE SMALL DISTURBANCE
26 | 6.00 5.80 5.80 x " QUIET

27 5.53 5.13 M L -

28 6.72 5.8 5.60 U kL SMALL DISTURBANCE
29 NO RECORDS u = OUIET

30 6.30 6.53 5.80 2.90 - V SMALL DISTURBANCE
31 NO RECORDS . : = " E

u: 65.38 5.46 5.29 | 2.96 3.05 3.01 [ 4.10 4.12 4.08
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SEPTEMBER 1935

CRITICAL PREQUENCIES 1IN  MGC/SEC 1
F,- LAYER E - LAYER F) - LAYER  |[cpor

pay] 1070 12B 1P 10" 1P 14b 100 12" 14B]corr. NOTES EARTH MAGNETIC CONDITIONS
1 NO  RECORDS. QIET

2] 5.52 BAD RECORD VERY QUIET

3| s.03 5.70 0 ) " "

4| 5.88 5.96 5.70 NORMAL P',P-CURVE " "

5| 5.70 5.74 5.42 " " SMALL DISTURBANCE
6| 5.30 5.52 5.50 n L] " "

7| 5.58 5.40 5.52 " " " "

8 NO RECORLS WIET

9| 6.45 6.95 6,20 " L] "

10 [ 6.38 6.95 6.70 3.90 " " SOME DISTURBANCE
31 | ¥+R.  5.28  N.R. N N STORM

12 NO ECHOES 4.02 O ECHOES GREAT STORM

13 5.40 BAD RECORD QUIET

14 | 5.84 6.10 NORMAL P' P-GCURVE "

15 NO RECORDS

16 5.05 BAD RECORD SOME DISTURBAHCE
17 NO ECHOES NO ECHOES STORM

18 4.52 3.80 ABNORMAL P',F-CURVE GAREAT STORM

19 6.55 6.30 NORMAL " SOME DISTURBANCE
20 5.30 BAD RECORD " "

21 | 5.44 6.10 2.40 2.42 NORMAL P ',F-CURVE QUIET

22 5.05 3.10 " ", WITH HIGH E-IONISATIGN "

23 | 6.70 7.17 5.72 2.60 2.40 " " SOME DISTURBANCE
24 4.40 4.52 4.95 3.20 2.40 FAINT ECHOES GREAT STORM

25 |(6.45) 6.20 NORMAL P! ,F-CURVE " "

26 [(6.60) 7.40 7.25 " " " "

27 | 5.60 5.50 5.40 2.93 " " SOME DISTURBANGE
28 | 7.00 7.12 6.02 ' " L] "

29 NO RECORD3 " "

3 | 7.20 8.00 5.95 2.62 L) " STORM

M: | 6.00 6.11 5.79 {(2.40) 2,79 (2.64) (3.91)
OCTOBER

1 | W0 ECHOES (5.21) NO ECHUES VL TRREGULAR P ,F-CURVE SOME DISTURBANCE

7.45 7.22 .6.70 | 2.46 2.56 2.40 H NHORMAL " @IET

3| 5.65 6.35 6.05 |2.35 2.45 2.25 M " 4 "

4] 6.40 7.68 6.95 | 2.33 2,40 2.26 VH " " "

5 1(7.42) (7.98) N.R. | 2,30 N.R. E M-H N " "

6 | NO RECORDS "

7| 6.90 8.40 7.50 | 2.26 2.30 N.E. M | " "

8 | 7.22 7.50 8.50 | 2.30 =2.34 2.25 ", " “ TRACES OF E'1 SOME DISTURBANCE
9 | 8.60 6.90 7.90 | 2.24 2.30 2.17 M L " SMALL "

10 | 6.85 7.20 7.00 | 2.22 2.32 2.15 o L " QUIET

11 [ 5.80 7.21 6.95 | 2.27 2,30 2.25 M ’ " !

12 | 5.20 65.80 6.02 | 2.20 2.45 2.10 M L " SMALL DISTURBANCE
13 [ n.R.  7.55 MN.R. NO RECORDS QUIET

14 | N.R. ({8.30) {8.73)| ¥.E. 2.30 2.17 M-L W " SOME DI STURBANCE
15 [ 6.20 8.42 .45 | 2.25 2.31 (2.95) ¥ " g e

16 NO ECHOES 5.91 KO ECHOES VL " " ,NO E-ECHOES STORM

17 | 6.20 6.88 6.74 M-L° " " " SOME DISTURBANCE
18 | K.E. TR. (5.75) VL " " " " "

19 | 7.45 8.20 7,90 |(2.30) 2.22 34 " " " " "
20 [(6.90) MO ECHOES GREAT STORM
21 | No ECHOES (4.80) vL IRREGULAR P! ,F~-CURVE " "
22 |(4.75) N.E. (4.80) VL " " " "
23 [ e.20 7.20 7.08 M NORMAL " QUIET
24 | B.60 8.70 W.E. M-L SOME IRREGULARITIES GREAT STORM
25 | 7.40 8.55 5.42 | 2,08 2.21 2.03 ] NORMAL P',F-CURVE QUIET

26 [(7.60) B.28 8.00 | 2.22° 2.20 1.92 " " " "

27 (8.70) 2.13 B GREAT STORY APPROACHIRG
28 | N.E. 6.60 6.20 2.19 1.95 L " 1 STORM
29 | 5,90 N.E. 5.00 | 2.06 N.E. 1.98 L " " "
30 | 7.00 6.83 N.E. 2.45 L IRREGULAR L GREAT STORM

31 [16.25) 6.30 . 5.26 1.80 (3,10} L u b " "

M: 6.63 7.51 6.62 2.25 2.29 2.14
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CRITICAL _ PREQUENCIES N MQC/SEC
Fp- LAYER E - LAYER P, - LAYER REFL.

pay| 10P 12® 1P 10h 2P 1P 10" 12 14" |coEp. NOTES EARTH MAGNETIC CONDITIONS
1 7.80 6.50 (1.95) (1.78) H-M NORMAL P! ,F-CURVE SMALL DISTURBAKCE
2 6.36 6.50 6.90 1.82  1.96 1.84 H d L] “ ]

3 N.R. 5.85 N.R. 1.98 M-L 3 - " 5

4 6.05 6.90 7.40 (2.08}) 11.83) L " \J @IET

5 N.R. B8.18 N.R. SMALL DISTURBANCE
6 N.E. (5.60] N.E. NO E-ECHOES v-L ONLY TRACES OF P-ECHOES GREAT STORM

7 5.90 6.60 6.40 [ NORMAL P',P-CURVE QWIET

8 5.80 7.15 8.15 (2.06) u SOME IRREGULARITIES "

[ 6.12 7.85 7.12 1.81  1.88 H-Y NORMAL P',F-CUR "

10 N.8. 7.55 N.R. 1.95 H-M 2 L VERY QIET

11 6.30 B.00 B8.35 1.85 2.01 1.72 H-M 2 E QUIET

12 N.E. 6.80 4.40 L P-ECHOES ONLY ON HIGH FREQ. STORM

13 N.E. 7.20 5.70 (1.98) (2.20) ] NORMAL P!, F~CUR G

14 5.70 (4.25) (2.13) (2.12} L & L L

16 | 14.90) 5.86 5.85 (2.01) VL-L F " QUIET

16 6.80 W.R. N.R. [ (1.80) L-M ] 2 ]

17 N.R. 7.66 7.10 L TRREGULAR P',F-CURVE g

18 5.70 7.00 7,08 1.90 1.96 1.80 '} NORMAL P ,F-CURVE SMALL DISTURBANCE
19 | (5.80) 7.90 IAR. M IRREGULAR F', F-CUR SOME 0

20 5.80 6.62 TR. 1.85 H-K X Y = -
21 5.30 7.70 (6.80)} 1.98 H NORMAL P ,F-CURVE SMALL DISTURBANCE
22 | (4.90) 8.20 6.75 H-M 5 v QUIET

23 6.30 7.05 N.E. o W ) 2
24 N.R. 6.70 H.R. U-L N W b

25 5.85 MN.R. 5.90 H-M L L 3

26 5.65 (6.26) 6.60 bt 3 0 i

27 6.65 6.62 5.60 N IRREGULAR P',F-CURVE L

28 6.10 5.18 5.10 L Il 3 SMALL DISTURBANCE
29 | (4.70) 8.55 6.90 H " L] QUIET

30 | (6.40) (6.85) TH. N-L - L] SOME DISTURBANCE
M2 5.77 _6.90 _6.29 1.88  1.98  1.90

DECEMBER

1 NO RECORDS .

2 | (4.40) NO ECHOES M TRRAEGULAR P! ,P-CURVE STORM

3 4,60 6,70 5.15 [ NORMAL P! ,P-CURVE SMALL DISTURBANCE
4 4,80 6.42 5.30 L 2 W QUITET

5 4.60 6.30 5.90 H (1 U u

[ 5.95 7.18 5.5l M IRREGULAR 1L .

@ 4.7 6,58 N.R. H g 2 u

] N.R. 7.10 N.R. u NORMAL L] SOME DISTURBANCE
9 4.80 5.32 H N {1 QIET

10 4,70 7.10 6.10 H M - "

1 4.45 7.43 N.E. H - D o

12 4.90 8.06 6.40 VH " " v

13 H.R. 6.73 IRR. [} IRREGULAR " STORM

14 4.96 17.70 6.10 H " " SMALL DISTURBANCE
15 | TR. 6.05 5.90 L o " GREAT STORM

18 K.E. 6.70 HN.R. L " " STORM

17 4.70 6.58 N.E. M u 9 L]

18 4.35 6.90 6.00 LS Y 2 SMALL DISTURBANCE
19 4.30 6.60 5.50 4 NORMAL i QUIET

20 4,20 7.15 5.03 H i . W

21 | 4.45 6.80 4.15 H " " "

22 KO RECORDS "

23 4,50 6.00 5.55 H " 2 VERY QUIET

24 4.45 6.%50 N.R. hid Y " LFF 4

25 ¥.R. 8.05 N.R. H ¥ b QUIET

26 N.R. 6.10 N.R. M-L IRREGULAR Cl STORM APPROACHING
27 N.E. 6.50 IRR. L 2 L STORM

28 | TR. 7.80 N.E. M-L ° > GREAT STORM

29 N.R. 7.50 N.R. o4 NORMAL 3 SHALL DISTURBANCE
30 ¥.E. 8.30 N.E. L IRREGULAR ) . "

31 TR. B.30 TR. o NHORMAL G ¢ "

M: 4.66 7.00 5.59
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CRITICAL FREQUENCIES 1IN MGC/SEC

F, - LAYER E - LAYER F) - LAYER REFL.
oay | 10" 1M 14P 10" 1R 1P 0" 120 14" | comr. NOTES EARTH MAGNETIC CONDITIONS
1 7.50 |:4 NORMAL P' F~-CURVE QUIET
2 5.40 8.00 7.05 H " " #
3 5.20 9.15 7.80 H ' " "
4 |ls.00] B.50 H " " _SCATTERING "
5 8.45 M "
6 5.80 7.80 7.95 H " " "
7 4.60 6.80 6.85 (. " " "
8 B8.45 4.70 M IRREGULAR " STORM APPRDACHING
El ¥.E. 7.05 L N " SOME DISTURBANCE
10 (7.35) 1IRR. L ! : " "
1 4.90  6.90 L " " " "
12 6.80 M " " " "
13 4,50 6.90 TR. L " " " N
14 7.15 M " " " i
15 TR. 6.05 5.90 L " " " B
16 [ 15.00) 6.85 5.85 H NORMAL " QUIET
17 5.52 6.65 6.10 H " " ,SCATTERING A
18 H.E. M IRREGULAR " STORM
19 7.75 M " " SMALL DISTURBANCE
20 | (4.70) 6.65 5.35 M NORMAL " QUIET
21 6.22 7.40 (6.25) H " " !
22 [(7.60) 7.30 TR. H " " DISTURBANCE
23 | (4.80) B8.70 6.50 M IRREGULAR N N
24 5.95 9.30 8.20 B NORMAL " "
25 5.80 B.60 7.70 M " N STORM
26 8.10 M " " "
a7 7.12 8.80 8.70 H " " SOME DI STURBANCE
28 8.65 8.20 H A i " "
29 7.00 9.20 B8.15 H " n QUIET
30 6.80 B.70 7.70 H " N SOME DISTURBANCE
31 7.70 TR. 8.60 M IRREGULAR B " "
M: 5.78  7.78 7.09
FEBRUARY.
1 6.32 (7.60) 1.85 M HORMAL P! ,F-CURVE SMALL DISTURBANCE
2 9.40 H " b QUIET
3 7.60 8.50 7.80 M o " "
4 7.25 N.k. (7.10) M IRREGULAR " SMALL DISTURBANCE
6 | 16.70) (7.60) (7.10) 2.00 W " N SOME "
6 8.50 7.05 (7.70) 2.05 1.80 H NORMAL " QIET
7 6.80 7.50 7.50 1.90 2.8 2,10 M " " ]
8 6.70 7.20 8.10 1,90 2.10 H " " "
9 %0 REC. (7,00) M IRREGULAR " SOME DISTURBANCE
10 ¥.E. TR. (7.60) M " " " "
11 | (4.50) W.E. 6.30 2.25 " " " " !
12 6.25 7.35 (7.90) H NORMAL " QUIET
2 | (7.30) 7.05 M " " "
14 5.80 7.80 TR. 2.40 H ! N N
15 5.60 6.50 2.05 2.30 L] IRREGULAR " SMALL DISTURBANCE
16 T3, VL " " STORM
17 N.E. M.E. N.E. "
18 N.E. 5.60 {5.50) VL VERY FAINT ECHOES SOME DISTURBANCE
19 N.E. N.E. TR. VL 2 " " STORM
20 6.00 6.00 2.30 L NORMAL P',P-CURVE QUIET
21 | TR.  7.60 6.55 2.40  2.30 u IRREGULAR " SOME" DLSTURBANGE
22 5.70 N.E. L NORMAL " "
23 NO RECORDS " "
24 N.E. 6.35 7.05 2.50 L " " SMALL "
25 7.50 8.20 B.50 ° 2.36 M IRREGULAR. " SOME "
26 7.40 7.65 7.25 H HORMAL " QUIET
27 ¥.E. 6.90 5.90 M IRREGULAR " STORM
28 6.55 7.30 . 7.50 2.45 M NORMAL " QIET
29 9.20 9.50 (9.50) 2.38 2.55 " " " "
U £.64 T.40 7.37 (2.02) 2.48 (2.22)
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MARCH 1938
CRITICAL FRECUENCIES IN - MGC/SEC
Fy - LAYER E - LAYER i F; - LAYER
REFL.

pay| 10" azh 4P FT LI T- L PL 10" 12" 14P| coEr.| womms EARTH MAGNETIC CONDITIONS
2 Chod) SMALL DISTURBANGE
2 HO RECORDS QIET

3 8.50 9.45 2.35 H | WORMAL p1,P-CURVE n

4 | 7.85 6&.42 9.05 2.32 2.52 2.50 ] L] L] "

5 | 7.22 8.10 B8.40 2.40 2.42 2.40 H L a "

6 | 7.15 B8.05 8.45 2.40 2.45 2.32 H " " "

7 | €.85 7.30 7.35 2.52 2.45 H P " SMALL DISTURBANCE
8 NO RECORDS " "

9 | 5.92 6.50 6.85 2.40 M . " SOME "

10 | 7.18 7.50 8.10 2.38 2.50 2.48 R % L] QUIET
11 | 7.76 B8.20 7.50 2.70 2.45 H [ " "

12 | 7.50 8.60 2.60 2,70 2.60 H L 0 "

13 ¥O RECORDS "

14 | 8.80 9.20 M | IRREOULAR . [

15 N¥O RECORDS n

16 | 7.30 7.60 8.15 2.78 H | NoRMAL n N

17 | (6.56) 7.56 8.10 H u n "

18 7.00 8.20 B8.10 M 4 " SOME DISTURBAKCE
19 7.50 B.45 8.60 2.82 H W " SMALL L

20 | 8.25 N.E. [7.80) (3.00) % | IRREGULAR < STORK
21 | N.E. (6.30) 3.10 ¥ " o B "

22 | KO RECORDS  7.20 2.98 4 NORMAL U SHALL DISTURBANCE
23 | TR. N.E. 6.70 M | IRREGULAR ] STORM
24 | N.E. 6.50 6.80 3.13 H | NORMAL Q "
25 | 6.23 7.00 6.65 B n

26 N.B. 7.26 7.68 2.90 H L2 ) SOME DI STURBANCE
27 | v.40 8.20 M | IRREGULAR z 9 "

28 | 5.70 6.45 7.60 2.90 3.00 ¥ | NORMAL @ @IET?

29 (6.90} L | IRREGULAR . SOME DISTURBANCE
30 | 7.17 7.85 B.45 3.10 H | NORMAL @ QUIET
31 | 7.65 B8.15 7.76 " Q d "
M: 7.21  7T.73  7.87 2,54 2.75 2.58

APRIL-

1 | 7.0 7.25 7.80 3.00 3.05 3.00 H | woRMaL P',P-CURVE SMALL DISTURBANCE
2 | 6.564 7.10 6.80 N0 ECHOES ¥-L | OWLY P-ECHOES " .

3 | 6.63 7.10 7.20 3.10 3.20 3.00 H | NORMAL P',P-CURVE G "

4 | N.E. 6.30 u-L | ONLY P-ECHOES d "

B 8.50 5.08 H | NORMAL P',P-CURVE QUIET

6 | 7.40 7.50 7.50 5.20 3.20 3.20 H o 3 U

7 9.30 9.20 9.00 3.0 3.5 3.13 H 2 ] SMALL DISTURBANCE
8 N.E. 6.90 M IRREGULAR . STORM

9 NO RECORDS QUIET

10 8.35 3.15 M | NORMAL " o

1 7.15 L p o X

12 NO RECORDS SOME DISTURBANCE
13 6.80 M | IRREGULAR " D o

14 6.70 7.20 7.80 N NORMAL H Y 9

15 | 8.00 B.80 6.70 M -L | IRREGULAR " STORM

16 | 5.50 5.90 6.75 (3.30) ¥ | womMAL @ QUIET

17 6,30 17.00 7.10 L y Ll L

18 NO ECHOES STORM

19 7.50 L : " "

20 | N,B. N.E. 5.35 VL | IRRRGULAR " 2
21 | N.E. 6.30 N.E. L 3 " :
22 N.E. 6.30 N.E. vL W " 5

23 N.E. 7.00 6.40 L ¥ .
24 | 6.40 7.80 6.80 3.35 3.30 H | HORMAL g SOME DLEERDARSE
26 | 7.60 B8.45 7.80 5.40  3.40 '} g c

28 NO RECORDS q“mn'
27 8.20 TR, B©.30 3.35 3.30 ] " O .
e | 8.3 7.80 ‘7.50 3.45 u = 2 .
es | 7.40 8.10 8.10 5.30 3,60 3.25 H o e o

30 8.06 B8.40 7.30 L ul =
u: 7.30 7.40 7.29 3.21 3.86 3.21
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MAY 1038
CRITICAL FHEQUENCIES IN  MGC/SEC
P, - LAYER E - LAYER F, - LAYER REFL
paY { 107 1g® 14 10" 1P a4b 10° 12" 14" | corr. NOTES EARTH MAGNETIC CONDITIONS
1 7.00 3.20 H NORMAL P',P-CURVE Q@IET
e 7.65 B.15 3.30  3.30 4.90 H L " "
3 7.50 3.20 ):4 " . "
4 9.00 B8.30 7,50 3.36 3,30 4.85 4,80 " " L] SOME DISTURBANCE
5 7.20  7.50 7.50 3.30  3.40 3,30 M " " WIET
6 7.80 7.70 7.50 3.40 4.85 :1 " " "
7 9.10 9.40 9,20 3.40 3.30 H Y " U
8 8.0 8,40 B8.05 3.30 3.85 H N " "
9 8.60 8,50 3,36 3.65 H " " L]
10 8.20 3.35 ] : " SMALL DISTURBANCE
11 6.60 6.20 6,50 3.30 3.30 4,80 M N " SOME "
1e 6.20 N.E. b5.90 L IRREGULAR " " "
13 ¥0  ECHOES n )
14 6,80 6.40 6.40 L " " " "
15 6.256 6.20 6.50 VL " N " "
18 6.40 VL " " STORM
17 ¥o  RECORDS "
18 ¥.B. 6.40 5.50 v o " L]
19 6.15 5.50 K.E. VL " " L]
20 NO ECHOES L]
21 N.E. 6.70 " " SOME DISTURBANCE
22 6.45 3.32 4.85 L NORNAL " SMALL "
23 6.70 3.35 M " " QUIET
24 €.80 M " " "
25 7.80 7.70 7.50 3.40 3.75 3.40 4,80 4.95 H " " b}
26 | 7.50 7.50 6.50 | 3.40 4.86 W " " STORM
27 6.65 7.10 6.70 M IRREGULAR " SOME DI STURBANCE
28 7.30 6,90 6.90 3.50 3,55 3.50 4.98 H 1 n QIET
29 7.40  7.90 6.30 3.40 3.50 4.80 4.95 H " " STORM
30 5.85 5.90 4.70  4.80 M " " QWIET
31 6.60 3.40 4,80 M N " "
M: 7.32  7.19  6.96 3.36  3.43 3.35 | 4.80 4.89 4.80
JUNE
1 NO RECORDS STORM
2 7.20 6.80 5.60 '} IRREGULAR P',F-CURVE SOME DISTURBANCE
3 5.30 5.45 5.50 B NORMAL " WIET
4 6.30 7,00 3.30 H N " "
5 7.36 6.30 4.75 H " " ]
6 7.20  7.20 H " " "
7 7.40 o " " "
8 6.85 7.5 H " " N
9 IRR.SCATTERING L IRREGULAR " STORM
i0 5.70 5,40 3.30 4.60 4.85 | M " 1 "
1 SOME DISTURBANCE
12 6.40 5,70 3.70 u NORMAL E SMALL i
13 6.00 5.60 ¥ * - L "
14 L IRREGULAR " SOME ’
15 5.60 5.40 L " " " "
n "
18 6.50 6.10 3.55 u " " . R
17 NO RECORDS
18 " "
19 IRR. SCATTERING L SCATTERED ECHOES GREAT STORM
20 5.40 65.10 3.45 o IRREGULAR P',P-CURVE SOME DISTURBANCE
21 N0 RECORDS SMALL "
22 6.60 6.70 6.60 3.45 3.50 5,00 B HORNAL " QIET
23 6.80 7.00 7,10 3.50 3.55 4,95 4.95 4.95| H " " "
24 7.60 7,70 7.30 3.60 3,56 4.90 4.95 H b " ¥
25 6,90 7.00 6,90 3.50 3.50 4.95 §.00 H " " v
26 .40 8,10 7.30 3.55 3.85 3,50 6.10 5.10 5,00 H " . 4
27 6.20 6.40 3.50 3.60 4,90 H i # SMALL DISTURBAHCE
28 6.90 3.60 5.00 H H 2 QIET
29 7.00 6.90 6.60 3.66 3.70 3.56 4.90 H . \ g
30 7.40 7,10 6.70 3.70  3.40 4.80 H : n "
N: 6.61 6.61 6,51 3.49  3.61  3.47 4.87  4.96  4.9d




Publ. Nr. 11 RADIO ECHO OBSERVATIONS FOR THE YEARS 1935 AND 1936

JULY 1936
CRITICAL PREQUENCIES IN  MGC/SEC
F,- LAYER E - LAYER F,- LAYER SEFI

pay| 10" 18" 1P 10" 12P 14" 1M 12h 1P cogr. | MOTES EARTH MAGNETIC CONDITIONS
1| 6.90 6.50 6.00 3.55 3.60 3,50 4.80 4.80 4,60 " NORMAL Pt ,P-CURVE QUIET

2 | n.e. TR. TR, VL HIGHLY IRREGULAR STORM

3 NO ECHOES SOME DISTURBANCE
4 | 6.70 6.80 L SOME IRREGULARITIES QUIET

5 NO ECHOES SOME DISTURBAKCE
6 | 5.60 TR, TR. VL IRREGULAR P',P-CURVE STORM

7 | 5.40 TR.  5.60 4.80 VL Q " SOME DISTURBANCE
a | 6.00 5.0 6,10 4.70  4.60 M SOME IRREGULARITIES o 2

9 | 6.40 6.60 6.10 3.40 4.60 4,60 4.60 M NORMAL P' ,F-CURVE QUTET

10 6.40 5.80 3.40 3.40 4,60  4.60 M Q 0 SOME DISTURBANCE
11 | 5.90 N.E. N.E. STORM

12 NO RECORDS SOME DISTURBANCE
13 TRACES - "

14 | 6.10 6.00 3,40 3,40 4,80 4.60 u ¢ W QUIET

15 5.90 3.40 L o " "

16 | 5.80 6.10 3.40 3.40 ¥ C " "

17 | 6.10 6.30 3.40 3.40 4.60 M e ] SMALL DISTURBANCE
18 | 5.0 6.00 5.90 3.40 3.36 4.50 H 3 " SOME P

19 6.70 3.45 ¥ D " SMALL Q

20 6.20 L ) g o ]

21 | 6.20 6.80 6.60 ] § 0 QUIET

22 7.00 M 2 0] B

25 | 6.20 6.10 5.90 3.30 3.50 3.40 4.60 4,60 H " " 0

24 7.60 7,10 7.05 3.40 H " & L]
25 | 6.10 6.00 .10 3.30 3.40 4.50 4.60 u 0 2 0

26 5,90 3.40 4.60 u L1 Q] .

27 6.50 vL IRREGULAR " SMALL DISTURBANCE
28 | 5.70 5.80 3.40 L NORMAL Q Q 0

29 | 7.20 8.30 7.80 3.40 4.50 4.60 M = " DISTURBANCE

30 | s.20 3.30 4.40 L @ J SOME DISTURBANCE
31 SMALL "
¥: 6.16 6.46 5,97 3.40 3.40  3.40 4,60 4,60 4,60

AUGUST

1 SMALL DISTURBANCE
2 QUIET

3 6.00 3.30 4.70 L HORMAL Pt ,F-CURVE Q

4 6.50 6.30 L L N Y

5 6.15 H H P SMALL DISTURBANCE
6 6.60 VL P z ) C

7 6.50 L] " 5 QUIET

s 4.50 " L n

9 NO ECHOES SMALL DISTURBANCE
10 NO EGHOES DISTURBANCE

11 QUIET

12 6.70 3.30 -

15 n

14 6.30 M

15 H

16 7.30 H NORMAL P! ,P-CURVE o

17 7.00 M 2

18 7.10  6.90 5.40  3.35 M Q 0 "

19 7.70  7.60 3.20 B " - -

20 | 6.0 7.10 7.30 3.25 3.30 3.25 H 2 3 Ll

21 6.40 6,680 N.E. 3,30 H £ " i

22 (6.10) VL IRREGULAR  ° ;.

23 6,90 ¥ NORMAL " Y

24 | .80 6.60 6.80 3.30 3.40 3.22 M q a Q

25 6,90 7,10 6.80 3.30 M 2 " u

26 | 6.30 6.30 6.90 3.25 3,30 3.10 H q " "

27 | 7.20 7.20 3.30 3.10 ] z e SOME DISTURBAKCE
28 | 7.30 7.50 7.30 3.40 ¥ @ # QUIET

29 | 7.30 7.10 3.05  3.30 u 2 " \

30 NO RECORDS SOME DISTURBANCE
31 | 5.0 5.60 6.00 L SOME IRREGULARITIES Q Q

H: | 6.84 6.66  6.83 3.23  3.30  3.24 4,80
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SEPTEMBER  1936.
CRITICAL FREQUENCIES 1IN  MGC,/LEC.
F, - LAYER E - LAYER F - LAYER
REFL.
DAY 10" a2 b IS LI PO SCE L P GOEF . NOTES EARTH MAGNETIC CONDITIONS
1 7.70  7.50 7.50 - L NORMAL P',P-CUHVE QUIET
2 7.40  7.70  7.70 3.05 u w N "
3 8.20 7.60 | 3.10 H “ " "
4 uE NE 7.40 SOME IRREGULARITI:S SMALL DISTURBANCE
5 7.00  6.70 MR 3,10 3.25 " NORMAL P' ,F-CURVE " "
6 6.90 MR NR 3.20 L " " QUIET
7 7.0 7.20 7.20 | 3.10 H N B "
8 NE 8.80 7.90 L SMALL DISTURBANCE
9 TRACES w "
10 7.10 8.20 8.50 vL " "
11 6.30 6.30 6.40 | 3.00 3.10 3.00 M w " " "
12 6.30 6.10 NR 3.10 L " " QUIET
13 IR 6.90 R 3.05 L M " "
14 6,30 6.40 7.20 | 2.90 2.95 L " " "
15 6.60 7.00 7.10 | 2.70 2.95 ¥ " N "
16 6.70 7.05 7.60 | 2.8 3.00 2.75 M " “ "
17 7.00 7.00 6.70 | 2.95 .00 2.90 u " " "
18 8.70 9.00 9.00 | 2.75 3.00 H " .. "
19 6.70 7.50 MR 2.75  3.00 M " " "
20 MR KR 8.40 "
21 7.10 7.80 B8.40 | 2.865 3.00 2,80 H " . "
22 8.60 9700 8.70 | 2.80 2.95 2.85 H " .. N
23 7.70  B.50 8.60 L " “ DISTURBANCE
24 8.60 9.50 9.50 2.95 2.80 H " " QUIET
25 8.70 9.50 9.30 2.95 2.75 B " " "
26 9.30 8.80 MR L | IRREGULAR DISTURBANCE
27 W0 RECORDS SMALL DISTURBANCE
28 9.10 8.80 8.80 2,90 H | NORMAL P',F-CURVE " "
29 7.20  0.40 2,95 M " .. " "
30 8.30 8.50 9.50 2,70 H " " QUIET
u. 7.50 7.85 8.05 | 2.93 3.01 2.84
OCTOBRR
1 9.50 9.60 MNE M | NORMAL P1,F-CURVE QUIET
2 9.50 9.50 10.00 | 2.65 2.80 2.60 H " " "
5 9.50 10.00 NR 2.60 2.85 H “ " "
4 HO RECORDS B . N
5 9.50 10.00 10.00 | 2.60 2.75 2.60 H " " "
6 7.50 7.70 HE 2.60 2.65 N . " DISTURBAHNCE
7 5.50 9.50 9.20 | 2.60 2.75 2,585 H . " SMALL DISTURBANCE
8 ¥E HE 7.50 2,55 [ " " DISTURBANCE
9 7.50 B.60 TR M " . "
10 6.00 6.30 HR Lt | IRREGULAR GREAT DISTURBANCE
12 N0 RECORDS
12 B8.40 9.80 10.00 QUIET
13 | 10.00 10.00 10.00 | 2.50 2.55 H | NORMAL P1,P-CURVE M
14 9.20 10.00 10.00 | 2.40 2,55 2,40 H " " "
15 7.70  9.60 9.40 | 2.37 =2.56 H " . "
16 9.50 10.50 10,00 M " " "
17 7.10 (8.00) R L SCATTERING DISTURBANCE
18 ¥0 RECORDS
19 | 10.50 (11.00) 9.00 | 2.35 2,50 2.45 H | NORMAL P!,F-CURVE QUIET
20 9.40 (11.00) 11.00 2.35 H " . B
21 7.50 8.60 8,50 B S R
22 5.50 9.80 1l.e0 | 2.30 2.30 K | B N
23 9.50 10.20 (10.30} 2.50 i . . .
24 9.50 10.20 MR 2.83 H " n SMALL DISTURBANCE
25 NO RECORDS
26 9.50 9.80 9.10 \2.42) " . . QUIET
27 | 10.00 11.00 10.60 . . : .
28 9.80 11.00 11.00 2,35 u R . i
29 | 10.20 11.00 11.00 2.35 " . " i
30 NO RECORDS
S1a|eS0-i0. 750 Ec30 M | SoME IRREGULARITIES DISTURBANCE
K. 8.98 9.61 9.90 | 2.46 2.59 g,47 g




Publ. Nr. 11

HOVEMBER 1936.

RADIO ECHO OBSERVATIONS FOR THE YEARS 1935 AND 1936

CRITICAL FREQUENCIES 1IN  MGC/SEC.
F, - LAYER E - LAYER F, - LAYER
REFL.

DAY 10" 1eh 14" 100 1P 1 10" 12® 14" | cosr. NOTES EARTH MAGNETIC CONDITIOHS
1 NO RECORDS Q@IET

2 9.30 10.50 10.50 1.90 ¥-H NORMAL P! ,F-CURVE "

3 7.70 10.50 7.60 2,20 B SOME IRREGULARITIES DISTURBANCE

4 7.20 8.70 9.50 I NORMAL P',F-CURVE "

5 8.60 10.50 10.50 1.5 2.15 H " " SMALL DISTURBANCE
6 9.60 10.00 10.50 1.85 2.10 1.88 M-H " " " O

7 9.10 10.00 ¥R 1.97 u " " " "

8 NO RECORDS QULET

9 7.80 8.60 9.60 2.02 K M x @

10 8.70 (9.60)(10.00) 1.95 ] " " "

11 9.20 10.20 (7.20) L " " SMALL DISTURBANCE
12 (6.40) 7.10 7.30 L SOME IRREGULARITIES " "

13 8.40 10.00 9.10 1.65 1.75 u NORMAL P' F-CURVE QUIET

14 8.40 11.50 MNR 1.75 M " " "

15 NO RECORDS
16 7.50 B.90 7.20 1.93 M " " SOME DISTURBANCE
17 7.60 9.00 8.10 1.60 M n " QUIET

18 8.00 (10.50] KE L " " SMALL DISTURBANCE
19 7.20 11.00 7.10 L " " & @

20 7.30 XNE (7.50) L SOME IRREGULARITIES " "

21 6.70 8,70 NR M-H NORMAL P! ,F-CURVE QUIET

22 N0 RECORDS N "

23 6.70 9.40 7.40 1.71 M-H " i " 0

24 6.40 8,00 7.70 1.75 1.55 H -. W " "

25 6.90 7.80 B.60 H " " " "

26 7,00 B8.80 8.00 1.77 ] ] " " "

27 6.50 B.70 1.75 M " ; " n

28 6.90 9,20 IR 1.75 u " " " "

29 NO RECORDS DISTURBANCE

30 7.00  8.90 B.30 1.55  1.76  1.60 H A SHMALL DISTURBANCE
N. 7.69 9.42 7.03 1.82 1.93 1.88

DECEMBER

1 NE 10,10 7.00 vL IRREGULAR #',F-CURVE SMALL DISTURBANCE
2 7.60 11,00 10.40 '] NORMAL P ,F-CURVE @WIET

3 7.00 11.20 10.60 u f " SHALL DISTURBANCE
4 7.40 10.30 10.60 H " " QIET

5 7.50 11.50 KR H " " M

6 NO RECORDS L]

7 7.30 9.60 9.00 H " n "

8 6.40 B.60 8.40 o " " w

9 §.40 9.30 7.80 M STRATIFICATION "

10 6.30 7.80 7.30 N NONMAL P! ,P-CURVE o

11 6.40 9.70 7.70 L " N "

12 6.30 B.30 MR ] " " N

13 1O RECORDS "

14 6.00 7.40 6.50 M " W SMALL DISTURBANCE
15 5.60 {7.40) 6.80 L " " QIET

16 5.30 7.40 6.80 H W " N
17 4.50 6.50 6.10 ] ¥ i o

18 5.20 7.00 6.10 [ " : 0

19 5.50 6.90 KR ] " . a
20 NO RECORDS "

21 4.50 7.30 7.50 M i " q

22 6.10 7.20 6.70 u " " "

23 (5.80) NE HE "

24 NE (7.30) NR L IRREGULAR o

25 NR B8.10 HR M NORMAL P! ,F-CURVE n

26 NO RECORDS "

27 NO RECORDS GREAT DISTURBANCE
28 NO ECHOES ] "

29 (5.80) 7.10 47.80 M IRREGULAR SMALL DISTURBANCE
30 5.70 8.80 8.60 ] NORMAL P!, F-CURVE WIET

31 6.20 8.60 8.30 L " " "
M. 6.13 8.52 8,23
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RESUMING TABLES.

LEIV HARANG

ANNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE FE- LAYER. 1935.

Kosmisk Fysikk

LCGAL TIME. TaN FEB  MAR APR MAY JUN  JUL  AUG SEP oCT  NOV  DEC
10" 5.22  65.57  5.34  5.38  6.00 6.62  5.77  4.66
128 5.30  5.51  5.48  5.25 5.45  6.11  7.51  6.90  7.00
140 5.06 5.51 5.19 5.20  5.79 6.62  6.29  5.50

ANNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE P, - LAYER. 1936.

LOCAL TTME. JAN FEB AR APR MAY  JUN  JUL  AUG sEp 0CT WOV  DBC
10" 4.04  4.22 4.18  4.10
128 3.94  4.08  4.23  4.20 4.2 (3.91)

14" 4.02  4.20 4.17  4.08
ANNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE E - LAYER. 1035.

LOCAL TIME. JAN FER WAR APR MAY JUN  JUL  AUG SEP ocT WOV DEC
1ot 2.88 2.98 2,99 2.96 (2.40) 2.25  1.88
12P 2.63 2.95 3.17 3.09 3.05 2.79 2,20  1.98
147 2.88 2,95 2.91  3.01 (2.84) 2.14  1.90

ANNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE F, - LAYER. 1936.

LOCAL TIME. TAN FEB  MAR APR MAY  JUN JUL  AUG sEp oct WOV DEC
0P 5.78  6.64 7.21  7.30 7.32  6.61 6.16 6.84 7.50 8.98  7.69  6.13
12b 778 7.40  7.75  7.40  7.19  6.61  6.46  6.66 7.85 9.61  9.42  B.52
14" 7.08  7.37  7.87  7.29  6.96 6.57 5.97 6.83  8.05 9.90  7.03  8.23

ANNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE F, - LAYER. 1036.

LOCAL TIME. JAN  FEB  MaR APR MAY  JUM JUL AU SEP ocT WOV  DEC
10" 4.80  4.87  4.60
12" 4.89  4.96  4.60  4.60
14" 4.80 4.90  4.60

ABNUAL VARIATION OF THE CRITICAL FREQUENCIES OF THE E - LAYER. 1936.

LOCAL TIME. JAN  PEB AR APR MAY  JUN  JUL AU SEP ocT WOV DEC
10" (2.02) 2.54 3.21  3.36  3.49  3.40. 3.23  2.93  2.46  1.82
12" 2.48 2.75  3.25  3.43 5.61 3.40 3.30  3.01 2.5  1.93
140 (2.22) 2.58  3.21  3.35 3.47 3.40 3.24 2.84 2.4/  1.88










