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Some Aspects of the F2 Region at Medium Latitudes of the

Northern and Southern Hemispheres

By R. G. Rastogi, Ottawa 1)

Zusammenfassung: Die Arbeit beschreibt die Asymmetrien in den jahres-
zeitlichen Veränderungen der F2 -Schicht in mittleren Breiten der nördlichen
und südlichen Hemisphären. Während der Jahre mit niedrigen Sonnenflecken-
zahlen hat die Grenzfrequenz der F2-Schicht an den südlichen Stationen ihr
Maximum während des dortigen Sommers, ihr Minimum während des dortigen
Winters, ähnlich wie in der E oder F1 Schicht. Die zeitliche Veränderung des
mittäglichen fo F2 an den nördlichen Stationen zeigt das bekannte Doppelma-
ximum zur Zeit der Äquinoktien. Während der Jahre mit geringer Sonnen ek-
kenzahl findet in der Südhemisphäre gleichzeitig mit der abnorm großen jähr-
lichen Veränderung von foF2 eine starke jahreszeitliche Veränderung in der
Schicht statt, wo [o F2 sein Maximum hat. Die Asymmetrie ist vie1 kleiner
während der Jahre mit großen Sonnenfleckenzahlen.

A bstrac t: The paper describes the asymmetries in the seasonal variations of
the F2 layer at medium latitude stations in the northern and southern hemi-
spheres. During the years of low sunspot number, the critical frequency of the
F2 layer at southern stations is maximum during local summer and minimum
during local winter months, similar to that of E or F1 layer. The seasonal va-
riation of noon f o F2 at a northern station shows the well known double maxima
during the equinoxes. The abnormally large annual variation of f o F2 at south-
ern stations is associated with large seasonal shift in the region of maximum
[o F2 in the southern hemisphere during the low sunspot years. The asymmetry
is much reduced during the large sunspot years.

1) Dr. R.G. Rastogi, Radio and Electrical Engineering Division National Research
Council Ottawa, Canada.

28 Ztschr. f. Geoph. 26
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In a recent paper, Rastogi [2] compared the variations of the critical
frequency of the F2 layer at pairs of high latitude stations lying on the opposite
sides of the equator and having approximately the same geographic, geomagne-
tic or magnetic latitude. At the southern station, the noon value of foF2 like
that of fo F1 or fo E varies in phase with the altitude of the sun during the low
sunspot years; and thus the well known anomaly in the seasonal variation of
fo F2 is absent during these periods.

It is well known that the noon value of fo F2 at medium latitudes reaches
the maximum value in the periods close to the equinoxes and the minimum va-
lues take place in the solsticial months. However, an examination of the seaso-
nal variation of f o F2 showed that at few stations in the southern medium lati-
tudes, the noon value of f 0 F2 reached the maximum value close to the local
summer months, and the minimum. value during the local winter months with
little evidence of the semi-annual component in its seasonal variation.

A comparative study is here made of the F2 layer at pairs of ionospheric
stations at medium. latitudes having approximately the same geographic (QB),
geomagnetic ((1)) and magnetic (p) latitudes. These pairs of stations and their
latitudes are given in Table 1. An examination of the latitudinal variation of
f0 F2 would indicate that the positions of these stations are just outside the ano-
malous equatorial belt of F2 layer.

T a bl e 1

Latitude

Station Geographic Geomagnetic Magnetic
(1) Il

Mauii 20.8o N 20.80 N 22° N
Rarotonga 21.2° S 20.90 S 22° S

puerto Rico 18.5° N 29.9O N 32° N
Townsville 19.3° s 28.5 ° s 28° s

Tokyo 35.7°N 25.4°N 31° N
Tananarive 18.8o S 23-80 S 34° S

The variations of noon f o F 2 at these stations for the period 1952 - 1954 are
compared in Fig. 1. At the northern stations, the seasonal variation of noon

f 0 F2 shows two maxima of comparable values around equinoxes and two mini-
ma close to the two soltices, the July minimum being the deeper one. At the
southern stations, the noon f o F2 reaches a single maximum during local sum-
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Fig. l: Seasonal variations of noon critical frequency of the F2
layer during the low sunSpot years 1952-54, at pairs of middle
latitude stations similarly situated on the opposite sides of the

equator

mer months and a minimum during local winter months much the same way as
expected of the more regular E or F 1 layer. In Table 2 are given the ampli-
tudes and times of the maxima of the annual and semi-annual components deri-
ved from the seasonal variations of f o F2 at these stations averaged für 1953 and
1954. At the northern stations the annual component is either equal to or less
than the semi-annual component, while at the southern stations the annual
component is much larger than the semi-annual component. At Rarotonga, the
annual component is about eight times the semi-annual one. The phases of the
components are almost the same at the northern or the southern station.

In order to study the seasonal variation of f 0 F2 during different stages of
solar activity, the critical frequencies at Rarotonga and Mauii for the period
1945 to 1950 are shown in Fig. 2. It is to be noted that the frequency scale is
logarithmic. The variation of monthly mean Zurich Sunspot number (R z) du-
ring the period is also shown for comparison.
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Fig. 2: Variations of noon critical frequencies of E, F1 and F2 layers

57 IEEE

at Rarotonga and Mauii; and the Zurich sunspot number during the
period 1945 to 1958

Table 2

Harmonic coefficients of the seasonal variations of noon f o F2 (1953-1954)

NUMBERS

SUN-SPUT

Annual Component Semi-annual Component Ratio
Station Mean amp1.(r1) Time of ampl. (r2) Time of :_1_

Mc/s Mc/s maximum maximum "2

Mauii 8. 64 1. 30 22 Jan. 1. 16 16 Apr. 1. 12
Rarotonga 8. 16 2. 60 10 Jan. 0. 34 24 Apr. '1. 64

Puerto Rico 6.84 0.27 15 Feb. 0. '76 6 Apr. Û- 35
Townsville '7. 18 1. 40 5 Jan. 0. 46 26 Apr. 3. 04

Tokyo 6.55 0.88 31 Jan. 1.02 8 Apr. 0.86
Tananarive 7.29 1.35 22 Dec. O. 5’? 30 Mar. 2. 3'?

The seasonal variation of noon fo F2 at Rarotonga is strongly annual during
the low sunspot years 1952 to 1955 but changes into a predominantly semi-
annual type during the high sunspot years. The relative amplitude of the
seasonal variation gets smaller for years of large sunspot number. At Mauii, the
seasonal variation of noon f 0 F2 shows two maxima during the equinoxes of any
of the years and the proportionate range of variation is practically the same at
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different stages of solar activity. One can notice very little difference in the
seasonal variation of f o F2 at Mauii and Rarotonga during the years 1946-49 and
1956-57. Thus the asymmetry in the seasonal variation of {O F2 at medium 1a-
titudes is most prominant during the low sunspot years.

The diurnal variations of f o F2 at these pairs of stations during each season
of the minimum. sunspot period are next compared in Fig. 3.
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Fig. 3: Diurnal variations of [0172 at pairs of middle latitude stations
similarly situated on the opposite sides of the equator during the three

seasons of the minimum sunspot year 1953 -54

At the southern stations, there is little change with season in the character
of the dirunal variation of [0 F2 . The curves are rather attened for the midday
hours during May-Aug. (local winter). The diurnal maximum of f o F2 occurs
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close to noon, though there is a tendency of the maximum. to occur before noon
during equinoxes and after noon during summer. The critical frequency of the
F2 layer at most of the hours is maximum during local summer months.

At the northern stations, the time of the diurnal maximum changes appre-
ciably with season. The maximum of f o F2 is close to noon during winter but
occurs as late as 18-19. hours during summer. The curves for Mauii and Puerto
Rico show significant cessation in the increase of f o F2 at about 9 hours during
the summer months.

To better understand the variations of fa F ‚ diurnal as well as seasonal, we
now compare the contour diagrams of foF2 at Mauii and Rarotonga for the
minimum. (1954) and maximum (1947) sunspot years, in Fig. 4.
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Fig. 4: Contour diagrams of the critical frequency of the F2 layer at
pairs of stations Mauii and Rarotonga during the minimum (1954) and

maximum (1947) sunspot years

During the minimum sunspot year. 1954, the foF2 at Mauii reaches the
maximum value at about 14 hours in April and October. The time of the diurnal
maximum changes from 13~14 hours during winter to about 18 hrs during sum—
mer. At Rarotonga, the maximum value of fa F2 is observed at 14 hrs in De-
cember-January and the time of the diurnal maximum varies from. 10 hrs in
winter to about 14 hrs in summer. The general character of the curve for Mauii
and Rarotonga are distrinctly very different.
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