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VAKIATION OF THF F2-LAYER IONIZATION WITH SOLAR ACTIVITY AT 
KODGIKANAL ON MAGNETICALLY DISTURBED AND QUIET DAYS. 

R ~ t ~ ~ t l y  of tho 110011 1p3 Ii~yor (!silic:~~l ~ ~ ' U C [ I I O ~ I C ~ O S  nIj 1Codailrmnl~l I I ~ R  booxi mutlo with n view t o  find rc ~lati~fa,ctory ~ 'c~ln t ions l~i~ ,  
I)otwooa thono ~clri tliff~ront inil icc~ of ~ o l i ~ r  activity, vj.z., ~ n ~ z ~ p o t ;  ~ iuml )o r~ ,  arsntJ ~ E ~ I L ~ H ~ C I ~ S  tmd nron~ c~f C L L ~ O ~ I I ~  flacat~li. .IpoIlowirig 
A1)plntns w~zcl 'Piggotii n lirlear rolivlionslii]? has I~ncn trier1 ouL, Tho ~vailnlnIo dntcb of 1Sodailtnxlnl cx.t;onding ovc~' r l  po~iocl uf nLo111. 
half t~ ~ur lq?o t  cjyclu loud to tho conolrt~ion that there is n clouc uposrnonl hut,w.eon 1:ho obsorvcil tuld compntccl vt~li~cw ol' tE:c? i i h n l  

f~*'l.uil~ieil~:ic~i. 'l'lio vi~1110.: 01 1i110 ~c.)tl~t,t~111.8 iliv01vc~cI Ilajvn bcun oo!:q)~tl,e(l f o r  ovul-y nvrntll for r~it~g~i~..l.ionIly quiet autl  c!inl~ilol;cti 1,c.l ir,rl:! 
~ q ? t ~ r u t c l g  nncl have !rc?c*n ( > o P ~ L ~ I ~ L I * ( K ~  wit 11 s i ~ ~ i i l i ~ ~ -  V L ~ ~ I U Y  Sois S l ~ \ i ~ l ;  olr( i t i t \ t  ( 1  A z I ~ I c ! Z . ~ ~ I  i i ~ 1 ( 1  l ' ig~r(~it .  

Por a,ccnxa.tcj fo~:ucaxi;ing of iouosl)hcr*ic propn.gation ~.,c~~lditions n tliorough uxlderutibnd,ing of. 
t? ol ~a~*act,cristics o f  $116 iol.lospl,~cric l'tlljr~us, especially of thc F2 laver, i s  v o ~ y  essential. Studict; nle.dc 

80 ft~r cst~iidi.r~g over i l  1011g l)f?~'i~d llave ihowi~ $hati t1:lcrc is sn irj(:rengo in the ionixution tllvollglr- 
out thc ior~osp lkerc w itJl r ix~cresso in solar ;~nt ivity t~n,d that tllc relattlive c!l.l:~xlgv of  ionos11Irerio 
c~~:iI;iral f ~ ~ o ~ u c ; n c ~  wit11 vu.n.spot r~urnbcr dopollds on tdrc layel,, geog~upllic~sl locatloll, time 'of Cli~,y 
ant1 sc;wolr. It; is also Ir~~cnvn that t h o  varidticn of 1 . ~  layel: (:,xitical S~:cclucnclics wit11 solar uotivity 
i s  grt?atrr tlmn that of othco8 ionospllcr*ic layers iilntl t l l n l t  $2  layer c1:itioal fxequuncio8 ncihr. ~rlitl-tluy 
gcn,cr*ally va1.y inoro with ~d:rr  ac!llivil;y thml t11,otie :Ibr thci otl~cr tiiues of the duy (l'l~illipi, 1947). 

'Un 1,il;c t 11c Il: 1 aycr ;u,iil tllc I! 1 'lityer tho F2 li~yow is cornpler in nirtl~ru unil il; tloes fiat afford 
po~"il,Iitics :lim csttlblisl,~il~g l;hoor:ctdc;bll.y the rc:l:~~fior~ b o t ~ c c l l  critical frcque11.cy or any otller ionos- 
p l l ~ y i c  1 ) i ~ ~ ~ + a l l ~ . ( j l i ~ ~  ;xn,Ild sol ~ L X  L ~ C  t i~iijy.  N l m  ( I  946) ~ ~ 1 1 1 1  ! , ~ s  it l,inca1r ~:elabionslrip betwew~ l;lrc 3'2 
alt~:aviolct 111 I:\. 8F!'2 a.n tl  ccl:rtiro r;unfcpot i~ur~tbrr  1Z l )y an c:ip;~tion o:f tkr, form 8P2= (I, -ldbl{,). 
Again, App1ct;on , . i ~ r l i l  I'iggotl; (i!)55) 11r~vc: give11 fiila Slough &an sn~pill(~tr1 ~i11co.l: ~*c?letion bcttw~on tlkc 
112 criti~it~l, fre#qucncy n r d  thr. sunspot i~.urrlbi:r lt in tho fo~m I'oll'2= ti ( I  -1--FU). Confi i i idc~i l~~ tJ,~,c 
firmtor sonsitivity o f  6h.e p2 1,ilyor i o  ahungos in tiok~r activity, i.'hill,ips (1947) and Mi11ll.i~ (1 !)$ti), 
svp~~s t  ileta~:n~in:~tion of : ~ n  'ionoxl)hcsic sumspot itunll)er' buscd on the values of :Fs I:bycr. 
critical li.equc?ncies for hornl~ noar 1ouil.l nopn nfi ti mi~tsure o:f solar ihotivity. 

!l!lkc cviticsl fi!c~qncnc:ic~s of t l ~  F2 lilycir at lorul rloorl (i:ulrcn t1.s the average of t l~roo  vwlncs 
c:oni,r:od iriound local noon) at K.ocIililt~lnul (lntitl[,cic!: I 0°14'N, longitude: 77"28'E, gcomgignctic, 
Intituda: (P.(iN.) for each of the fivo int;ernt~tional rn~ag~~ctict~lly quiet and distmrbcd (lays f0:ort 

c?:ach ~uontll tlu~:ing the  period July, I 'J52 t o  June, 1.!357 were obtsincd from l;hc vertical fiomdillg 
ior\ogralu~ of tlxe liodiikimall Obsrrvatory. The intcrniztionul xnagn.eticully qniot arrd tlist~rrb~(:i 
d;,~ys were tulten from the ( .~~~axtcrly 10p01t 1)11bli~1,1cd by tho C 11: I< Centre of t h e  T . n t t : ~ : x ~ ~ ~ t i ~ ~ ~ l  
Asfiocii~ti.on of Geornagnotisrn and Aeronomy.'The relative sunspot nunhers and the aroas of sun... 
~ 1 : ~ ~ t s  for t1.10 days c!oniidcredwcrc taken from the "Quarterly bulletin on 8ohr Activity" publishad 

the Ir~tarniitional Ast;ronon.~ic,zl Uilion and tfllc United States Nilvnl Observatory Circuluw. 
ros~)c?ctively. Thc areas of c:a.lciurn flocculi wero obtained from the calcium dic;c ,qpeoholieliograms,, 
of the Iiodnilranul Observatory. 

Tho procedure ~ d o ~ ~ t e c l ' b ~  Appleton a,nd I'iggott (1965) was follo~od in this investigation. At  
f i~st ,  t l ~  average criticall li.cclu,enc$es at local noon for tho ii.vo international quiet a,nd disturbrd 
days wero considered separately for each month year by year for the period July, 1952 to June,, 
1057. Tlie method of leitsk squarcs was applied for establishing the relation between critical fte- 
queiicies and the relative sunspot numbers. Though the linear relation fo3'2= a(l +bR) was found 
be generally satis:fa,cttory the values of 'ab' i.e., the rate of change of cri-hal frequency with sunupot 
nulllbe,r for some inonths worked out t,o be negative. So, instead of considering the values for bile 
five day8 of each mont,h, year by year, the average, critical frequencies a t  lc,cal noon for the fie@ 
inte~,llational quiet an.d 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 scluares the linear relati011 
foF2=a(l +bx), where x stands for the particular index of solar R ctivity oonside~:ed; i . o. sunspot 
numbers or sunspot area or area of calcium flocouli, was found to be cn exoellent fit in all the t l ~ ~ c  
eases_ as shown by the Chi-square test, the Chi square probability, Pp for goodness of fit in all 
oases being 0 99. The values of 'ab' in all cases were positive. 
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The constants of the equation foF2=n(l+bx) and the value of Chi-square, X2, were 
+evaluated using the following' formulae:- 

a== 
2x22'o-4zx ZXf0 

n X X 2  -- 

ab = /nZ:Xfo -ZX2fo 
nZX2 - (2- 

xZ =: Z -'" if0" 
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 s u m c r  the values 

of fop2 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. 



Par Xlough, a ~nodiurn high-latitude station, Appleton and Piggott (1955) have shown that in 
Ruxrmwr tlm vt~luos of foIf2 fox the magnetically disturbed days are, almost without exception, less 
than those for the corrmponding uiet; days and that for the winter months there is a tendency for 
the disturbed days to havc slight 1 y greater critical frequencies than the quiet days. 

W11e.n the seasonal variation of the constants 'a', 'b' and 'ab' is considered for Kodaikanal and 
.810ugh substantial diffcrenctes are found. Whereas for Slough it has been shown by Appleton and 
l'iggott (1 965) tllst the values of 'a' i.e. the magnitudes of fop2 for zero sunspot number, are prac- 
tically indcpcnclent of season for both disturbed and quiet' days, they seem to  vary with season for 
both distu,&cd and quiet days at Iiodaikanal. The values of 'a' obtained separately with the three 
indiccx (sui~spot numbers, areus of sunspots and areas of calcium flocculi taken in millionths of the 
Bun'a visiblo disc) show seasonal variation. The mean values of 'a' are given jn table 2. 

TABLE 2 
-- Mean values -. of 'a' Mo/s 

Wintat. . . . . . . . . . . . . . . I! ~8urumor . t . . .. I .. . . . . . 
IQ Equinox q . . . .  . . . . . ID 

146 

With sunspot 
ni~m ber 

7 .10  
7 . 7 6  
6.33 
6.89 
7.30 
7.80 

with' sunspot 
areas --------- 

7.40 
7.91 
6.59 
6.95 
7'- 25 
7.98 

With calcium 
flocouli weas 

7 -21 
7 -74 
6.71 
7.1Q 
7.37 
8.27 



The valu~s of 'a'for disi;urbed days are greater than those for quiet clays for :!,lltl~c months at; 
Kodailranal. The mean v:~lues of D(3) and Q(a) for the year aregive11 below:- 

TABLE 3 

Menn ralrre of 'n' for the year 
With Wi t21 TVith 

sunspot ELI'OU,LI of 
num hers cttlci~~nz 

I I 
, _ _ _ A  m I.".- 

-- - -- - -. -- - 

This is also in entire disagreement, with the result obtairled for Slougll wllerc: t l ~  vt~lnc of 'a' I'or 
disturbed days D(a) is a1wn.y~ less than that for quiet days (Appleton and Piggott 19%). 

~ l l e  vt~luzlucs of &(b) and D(b) and &(ab) and D(nb) also are subject t o  sen8~ct~lal v;~r'iation. 
d (foP2) 

Tho effects are mow clearly seen from Q(ab) and D(ab) i:c. --- dx 
In sunmler &(I)) imd ih(ab), 

are considerably grmter than D(b) and D(nb) but in winter thc values of (,)(I)) :uld., 
D(b) and &(ab) and D(ab) may be tsltcu to be almost equal even tllo~lgl,~ l:l~o quid;-day 
+slues teild to  be slightly grmster t11.nn the cliskurbccl day values. The? vt~.l~icv; ol,kair~ed 
using calcium floccluli meats ai~tL sunspot ~~r~imbers show this aspcctl vmy clearly. Yola Sl~loufill ill sum- 
mer mollths U (ab) is coi~siderably 1,ess than &(ab) and ii 'the winter nlo11t~118 I) (:1,1,) 1:&n( ls to bc. 
slightly greater thnn d,)(ab). I)ming the, equinoctial months thc va,lues o f  1) (b) aft) t l :I,I(:rL) ;uc. 
ghl~erally greaber tllan those of &(b) and &(dl) :~ t  ICodsilinllal. T11,c nrt!;ln. v;~l u (1s :I I.(: gi~rcw in 
Tablc 3. 

TABLE 3 

Mealz v~lues  of 'b' and 'ab' 
............. ........... ----.-..-- --..- -..- 

I I 

VTin tor . . . . . 
3-60  

-.--L.-..---~ll-I"..I"- ..-ll-.lll.-.p_. __-_- 

It, tilerefore, appears that Iiodailtnllal has n variatioll of E layer ionizasti o r ~  will~ ~ l a x :  activity, 
for both magnetic,ally disturbed and quiet days which is con.sidcrably influenced by sn,asond' 
changes. 
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TABLE 1 

Values of 'a9, 'b' and 'ub' u~i11g the five magfietically quiet alad Jive mag.netically distzcrbed claz~s each 
month July 1952 to June 1057 

foF2=a(l +bx) 

IZt~rch , . 

April , . 

Mny .. 

Juno .. 

Jlxly ,. 

~ l z ~ l i s i  . . 

Oaptcmber , . 

Octabsr . 

Navornber . . 

Dooomber . , 

C Qtzioti 

J1i~i;urbod 

C Q~riot 

Dii;turbod 

1 Q1'iot 1 Disti~rbed 

{ 
Quiet 

Di~turbod 

{ 
Quiet; 

Disturboil 

{ 
QuiuL 

Disturbed 

{ 
Qniot 

~iiturbod 

{ 
Qt~isb 

Disturbed 

{ 
Qniot 

Digtnrbad 

Quiet 

Disturbed 

8.137 

s* tGG 

20.079 

16 GOO 

13.313 

19*113 

10 * 840 

22.740 

14*163 

11.240 

1fi.003 

14) * 370 

12 188 

12.183 

1Q 807 

7.977 

0.800 

J4* 872 

16-200 

12.426 

6.917 

9*672 

14*418 

13 * 070 

-- 
Wit11 

flnn~poB 
nutm1)ers 

x loa 

'a' ~ I c / R .  *-' -- 
With 

sunspot 
:~umbero 

b 
---. 

TWh 
sunspot; 

asew 
x 10" 

ab hfcls. --- 
i t  

~ i i n a l ~ o  t 
aroas 

-- 
'CViLh 

cdaitzm 
flocouli 

aret~s 
x 306 

Wit11 
cxlcium 
f1oc:ouli 
&SO&8 

1)----- 

"With 
oaloi trm 

flocculi 
areits 
A 1 0 6  

I--- 

Wit11 
sml~poi; 
nmnbera 

1 
x 10" 

---- 
Wi%h 
aunspo t 

axlsrzs 
x 10r 
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