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ABSTRACT

A study of the noon F2 layer critical froquencies at Kodaikanal has been  made with a view Lo find o satisfactory relationship.
betwoen these and different indices of solur activity, viz., sunspot numbers, arveas of sunspots and areas  of caleium flocouli. Iollowing
Apploton and Piggott a linear velationship has hoen tried out. The availoble data of Kodaikanal extending over a period of ahout
half u sunspot eyelo lond to the conulusion that thero is a close agreement hetween the observed and computed values of (ke erilical
frequencies. Lhe values of the constants involved have heen corputed for overy month for magnetioally quict aud disturbed perieds
sopurately and have been compared with similur valuos for Slongl ollaiucd by Appleton aud Pigeott,

1. Introduction

For accurate forecasting of ionospheric propagation conditions a thorough understanding of
the characteristics of the onespheric layers, especially of the F2layer, is very essential. Studies made
$0 far extending over a long period have shown that there is an increase in the ionization through-
out the ionosphere with increase in solar activity and that the relative change of ionospheric
critical frequency with sunspot number depends on the layer, geographical location, time of day
and scason. It 1s also known that the variation of 2 layer eritical {requencies with solar activity
is greater than that of other ionospheric layers and that 12 layer critical frequencics near mid-day
generally vary more with solar activity than those for the other times of the day (Phillips, 1947).

Unlike the Elayer and the F1 layer the F2 layer is complex in nature and it does not afford
possibilities for establishing theoretically the relation between critical frequency or any other ionos-
pheric parameter and solar activity. Allen (1946) asswves a lincar relationship between the T2
ultraviolet flux SFZ and relative sunspot number R by an equation of the form SF2=(1--bR).
Again, Appleton and Piggott (1955) have given for Slough an enipivical linear relation between the
F2 critical frequency and the sunspot number R in the form fol'2==a (1-4-bR). Considering the
greater sensitivity of the F2 layer to changes in solar activity, Phillips (1947) and Minnis (1955),
suggest the determination of an ‘ionospheric sunspot number’ based on the values of 2 layer
critical frequencies for hours near local noon as a measure of solar activity.

3. Trend of critical frequencies as a function of solar activity

The eritical frequencies of the 12 layer at local noon (taken as the average of three values
centred around local noon) at Kodaikanal (latitude: 10°14'N, longitude: 77°28'E, geomagnetic
latitude: 0°.6N.) for each of the five international magnetically quiet and disturbed days for
cach month during the period July, 1952 to June, 1957 were obtained from the vertical sounding
ionograms of the Kodaikanal Observatory. The international magnetically quiet and disturbed
days were taken from the quarterly report published by the C & K Centre of the International
Association of Geomagnetism and Aeronomy. The relative sunspot numbers and the areas of sun-
spots for the days considered were taken from the “Quari:zerly bulletin on Solar Activity” published
by the International Astronomical Unicn and the United States Naval Observatory Circulars.
respectively. The areas of calcium floceuli were obtained from the calcium disc spectroheliograms.
of the Kodaikanal Observatory. »

The procedure adopted by Appleton and Diggott (1965) was followed in this investigation. At
first, the average critical frequencies at local noon for the five international quict and disturbed
days were considered separately for each month year by year for the period July, 1952 to June,
1957. The method of least squares was applied for establishing the relation between critical fre-
quencies and the relative sunspot numbers. Though the linear relation foF2=a(14-bR) was found to.
be generally satisfactory the values of ‘ab’ L.e., the rate of change of critical frequency with sunspot
number for some inonths worked out to be negative. So, instead of considering the values for the
five days of each month year by year, the average. critical frequencies at lccal noon for the five
international quiet and the five international disturbed days, separately of the same month of all
the years (1952 to 1957), were considered and by the method of least squares the linear relation
foF2==a(1-bx), where x stands for the particular index of solar activity considered; i.c. sunspot
numbers or sunspot arca or area of calcium. flocculi, was found to be e¢n excellent fit in all the three
cases as shown by the Chi-square test, the Chi square probability, Py for goodness of fit in all
cases being 0°99. The values of ‘ab’ in all cases were positive.
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The constants of the equation foF2=a(1-+bx) and the value of Chi-square, X2, were
evaluated using the following formulae:—
_ ©X3f,—2X IXf,
T n2Xr—(ZX)
_ aZXf, —ZXZf,
T aZXE = (ZX)e

hab
#:}_m;mz

‘where n is the number of pairs taken, fo the observed value of critical frequency, fc the calcu-
lated value of critical frequency and x the index of solar activity considered.

3. The values of ‘a’, ‘b’ and ‘ab’ obtained for all the months of the year with the three indices
separately for both quiet days and disturbed days are given in table 1 (given in separate sheet).
4. Discussion
An examination of the critical frequencies reveals that both in winter and in summer the values
of foF2 for magnetically disturbed days are greater than those for the corresponding quiet days as
«can be seen from figs. 1 a & b. This appears to be a characteristic feature of a low-latitude station,
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For Slough, & medium high-latitude station, Appleton and Piggott (1955) have shown that in
summer the values of folf2 for the magnetically disturbed days are, almost without exception, less
than those for the corresponding quiet days and that for the winter months there is a tendency for
the disturbed days to have s]igh&y greater critical frequencies than the quiet days.

When the seasonal variation of the constants ‘a’, ‘b> and ‘ab’ is considered for Kodaikanal and
Slough substantial differences are found. Whereas for Slough it has been shown by Appleton and
Piggott (1955) that the values of ‘a’ i.e. the magnitudes of foF2 for zero sunspot number, are prac-
tically independent of season for both. disturbed and quiet days, they seem to vary with season for
both disturbed and quiet days at Kodaikanal. The values of ‘a’ obtained separately with the three
indices (sunspot numbers, areas of sunspots and areas of calcium flocculi taken in millionths of the
Sun’s visible disc) show seasonal variation. The mean values of ‘a’ are given jn table 2.

TABLE 2

Mean Values of ‘@’ Me/s

With sunspot | With sunspot | With ealcium
number areas flocculi areas
. 7-10 7-40 7-2])
Wintor - {3 7.76 7-91 774
Q 6-33 650 6-71
Summer ~ 1D 689 6-95 7-10
. 7Q 7-30 7.25 737
EBquinox D 7.89 7.98 8-27
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The values of ‘a’ for disturbed days are greater than those for quiet days for all the months at
Kodaikanal. The mean values of D(a) and Q(a) for the year are given below:—

TABLE 3
With With With
Mean value of ‘a’ for the year gunspot: areas of arcas of
numbers sunspots exleium
‘ flocenli
‘Quisb 6-91 708 700
Disturbed .. 7-51 761 770

This is also in entire disagreement with the result obtained for Slough where the value of ‘o’ for
disturbed days D(a) is always less than that for quiet days (Appleton and Piggott 1955).

The values of Q(b) and D(b) and Q(ab) and D(ab) also are subject to secasonal variation.

The effects are more clearly seen from Q(ab) and D(ab) i:c. d(£o>1<? 2

In summer Q(b) and Q(ab)

are considerably greater than D(b) and D(ab) but in winter the values of Q(b) and
D(b) and Q(ab) and D(ab) may be taken to be almost equal even though the quict-day
values tend to be slightly greater than the disturbed day values. The values obtained
using calcium flocculi areas and sunspot numbers show this aspect very clearly. For Slough in sum-
mer months D(ab) is considerably less than Q(ab) and in the winter months D(ab) tends to be:
slightly greater than Q(ab). During the equinoctial months the values of D(b) and D{(ab) are
generally greater than those of Q(b) and Q(ab) at Kodaikanal. The mean values are given in
Table 3.
TABLE 3

Mean values of ‘" and ‘ab’

With sunspot numbers With sunspot arcas With arcas of caleium
floceuli
b 108 ab 102 b 105 ab oy 14 b Los ub; 1(:5—.’

Q 3-02 272 16-96 12138, 241 16-88
Winter . .

D 3-60 271 15-02 1170 2-11 1684

Q 4-34 275 10-62 ERN 2.2 15-51
Summeor ;

D 3-47 2:37 18-41 12-684 1.84 12-86

Q 3-10 228 16-08 12-315 1-58 1150
Equinox

D 327 257 2190 17-288 -5l 12-30

It, therefore,.appea,rﬁz that Kodaikanal has a variation of I'2 layer ionization with solar activity
for both magnetically disturbed and quiet days which is considerably influenced by scasonal

changes.
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TABLE 1

Values of ‘a’, b’ and ‘ab’ using the five magnetically quiet and five magnetically disturbed days each
month July 1952 to June 1957

foF2=a(l+bx)

‘o’ Mefs. b ab Mejs.
With With With With With With With With With
sunspot | sunspob | caleinm | sunspot | sunspot | calcium | sunspot sunspot | calcium
numbers areas flocouli | numbers BreRs floceuli | numbers areas floceuli
areas % 108 x 108 areas [ % 104 areay
x 108 X 10% ~ 1os
{ Quiet 6-59 7-10 6-68 4-07 11-41 936 2-68 8-137 1579
Janvary ..
Disturbed 764 798 743 3-21 10-72 2:13 2-45 85666 15.82
. Quiot 670 6-89 6:57 4-98 29-14 3-83 3-36 20-079 25:16
Tebruary .
Disturbod 753 751 7:83 373 2078 1-90 2-81 15-606 14.87
Aarch Quiot 6-99 703 710 3-76 18-04 2412 262 13313 1508
nre ‘e
Disturhad 7-38 7-41 7-49 3-78 2579 1-94 2:77 19-112 1450
Aol Quiot 754 7-01 7:21 2-69 1547 1:73 2:08 10-846 125-0
pri . ]
Disturboed 8:26 §:02 8-68 3:15 28-35 1:60 2.80 29740 1392
- Quict 6:65 G-77 7:43 4-18 20-90 1:90 2:78 14,152 1408
Muay .
| Disturbed 720 7-14 747 2:60 15-75 1-56 1-80 11-246 11.85
Quist 6:31 6-57 6:563 4-40 22-93 3-73 2-78 15-003 2437
June e .
Disturbed 6-63 6-67 676 5:19 29-06 3-40 RELT 19379 22.94
' Quiot 6-10 6-37 6:28 477 19-13 1.41 2:91 12188 886
July . :
Disturbod 6-84 6-88 7-00 2:95 17-64 090 2:02 12133 633
‘ Quiet 627 6:05 6568 4-02 1550 224 252 10307 Te72
Auvgust ..
s Disturhed 6-82 712 711 3.12 11-20 1:49 213 7977 10-60
Quiet 7-13 741 7-38 257 13:23 1-06 1-89 9-800 715
September .. , :
Disturbed 746 7.7 750 3-28 19-29 1:08 2+46 14872 12.18
Quiet 1 7B5 7-54 7-80 3-40 20-29 1-42 257 15-209 11-08
Qctober .. : :
Disturhed 8-47 8:76 9-22 291 14-18 093 2-47 12-426 8:54
Quiet 8-256 8:52 8-19 2-18 6:94 143 1-76 5917 171
November .. . .
Disturbed 8-55 8:70 8-26 3:19 11-00 | 2436 2-78 9.572 1946
Quiet 6-80 7-08 7:38 453 20-36 2-01 3-08 14-418 14 .87
Docomber ..
Disturbed 7-381 7-43 7442 387 X759 2-08 2-83 | 13-070 1519
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