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The structure of th~ ionosRhere. 

Since the Kennelly- Heaviside hyuothesis in 1902 

of the existence of a uartially conductin~ layer in the 

up~er atmosuhere was proved to be true by the expnriments 

of A"Pl'L~TnN and Bfi'RWP.TT (192?) and 13'!\EIT and TUVE (1926) , 

this re~ion has become Known as the ionosuhere . 

The ionosuhere waa soon discovered to consist of, 

not one but several layers (Fig. 1) 

(i) A la.yer at a height of just over 100 kln . 

called the E layer. 

(ii) A layer at a hei~ht of annroximately 3001m1. 

(iii) 

called the F2 layer. 

A layer at a "~-)eight of anproxi~~tely 200 km. 

called the F1 layer; this layer differs from 

the other two in that it is only present during 

the 0ay time in Summer. 

(iv) Occasional intense reflections from a hei~ht 

of about 100 km . are found - these cannot be 

attributed to the normal E layer and have 

received the name "Sporadic E" . 

The ~~~sence of two E layers ( E1 and E2) has been 

su.<:r~ested by HAtLI1)AY (19;6) and BEST and 'RATCT,P<'FE (l97i8), 

but until recently most workers still ~9em to attribute these 



REGION 
f2 

F IG. I . Ionized regions of the upper atmosphere. The relative density of ionization 
is roughly indicated by the depth of shading. During daytime another region 
of ionization E 2 is sometimes formod immediately abo\'C> E; t his is not. sh own. 
RE-gion D is mainly an absorbing rf"gion. At night this region disap}IPE\1'>' mtll 
fllso F 1 and F 2 coalesce to form a single Region F. 
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reflections to Sporadic E. Recent measurenent by rockets of 

the electron rlensity at E l~yer hei~hts still do not confirm • 

whether such bifurcation exists in the E region . The diurnal 

and. seasonal variations of the first thrAe layers indica.te 

that the sun is the chief agent in their production. It is 

generally agreed that these layers consist of ionised molecules 

or atoms and fre€ electrons ~roduced by radiation from the sun. 

The origin of Sporadic E ionisation is still obscure , 

but it is thoul\ht th~.t these sudden increanes in ionisation 

which occur Rt 3 lay~r heights nr~ due to ~assing meteors . 

:tecently it has also been sugffested by SEDDmf, PICKAR and 

JACKSOW (19?4) from rocket measurements that Sporadic E might 

be due to a steep elec.tron density z radie"lt above the B layer. 

Propagati~n of electro- magnetic waves in the ionosphere. 

APnL~To~ (1932) has worked out the theory of the 

pro~a~ation an~ reflection of electro-~agnet ic waves in an 

ionised layer. The theory shows that reflection of an electro­

rn~netic wave will take ulace provided that the electron density 

is suffici~ntly hi~h. The hi her the electron density, the 

hiP,her the frequency that will be reflected . The presence of 

the free ions and electrons has the effect of reducin~ the effect-

i ve refrRctive inrlex of the medium. If the electron density is 

suf~iciently high , the refractive index may be reduced to zero , 

which is the conditton for the reflection of an incident 

electro-magnetic wave . De~endin~ on the maxim'lm electron 
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density of a layer, there will naturally be a. certain maximum 

frequency which can be reflected - this is called the critical 

frequency . The layP.r will reflect all frequencies below the 

critical and none above it . 

Owin~ to the fRet that the electro- magnetic wave is being 

propagated in the earth ' s ma~netic field, the wave is snlit 

into two co~uonents elli~tically uolarised with onposite ro t ation. 

Eac~ of the polarised comnonents has its own critical frequency 

and for: the ordinary waves this criticRl frequency f 0 is rebted 

to the maxinum electron density, N, by the fo~ula: 

N (fo)2 • • •• (1) 

where •m• and ' e ' are the electronic mass a.nd charRe in e .. s.u . , 

and •ro • is the critical frequency when mee.sured at vertical 

incidence. Substituting the numerical values for 

e = 4 . 80 X 10-11 e.s . u . and e/m. = 5 . 27 X 1017 e.s . u . , and 

ex-oressin~ fO in Me/sec . this becomes: 

N = 1 . 211 X 104 (f0)2 ••• • ( 2) 

The critical frequency for the extraordinary wave fx 

is found to differ from f 0 by an amount which depends on the 

stren~th and direction of the ~agnetic field . Since at any given 

place these are uractically constant , the separation between 

the two critical frequencies is also const"nt . 

Considerahle discussion has taken DlacP by T0~~S (1933), 

NORT0N (19'33), P.A~T-qEE (1933), DA~WJN (19?4 ) , (1943) and 

~AT~LIFF~ (1939) on the advisability of ap~lying the Lorentz 
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theory of electrons to this theory. If this is none the 

~eneral results of Appleton's theory are not altered but the 

numerical values obtained differ by as much as 50~ in s0me 

cases. ~ecent measurements by rockets of the electron density 

up to 220 km. (SRDD~N, PIC~AR and JACKSON, 1954) indicate 

tha t the Lorentz term can in all ~robability be ncglated. 

In view of this, the Lorentz term has not been included in 

the t>resent work. 

Hethods of determining the apparent or virtual height 

of the layers have been develonPd by AP"DL'PT rl!i" and :JA~~"STT (1925) 

U'qEIT and TUVE (1926), and A.2 1 L1::T'1"T and "RATCLIFFE (1927), but 

these will be discussed l a ter. 

Apnleton's theory states that the presence of the free 

ions and electrons has the effect of reducing the effective 

refractive index of the medium, and hence the grou~ vnlocity 

(i.e. the velocity with w~ich t~ energy is ~ropa~nted) . In 

calculatinrr the a~parent height of the layer from time delay 

meaaure~ents, it is assumed that the energy is prop~ated 

everywhere with the velocity of li~ht; thus the apparent 

hPiRht is alwavs P,reater thPn the true heiP,ht by an amount 

depending on the density of ionisation at all ~oints along the 

path. This a:pparent height so measured is normally termed 

the "virtual height". 

t~ethods of deducing the true height from the virtual 

hei;;ht have been -proposed by AP~'L''T'1!l (19'30) (1937), HURRAY 
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and HOAG (1937), B0·"ll\'P.'R and SEATON (1940), !-iA~iNING (1947) and 

KELSO (1952). Up to the nresent wide scale deductions of 

true heights from virtufll hei~hts have not been undertaken 

and ~ost workers h~ve confined their attention to virtual 

height readings . This is mainly ~ue to the long and time 

consu'!!in.~ procedure involved. 

Ionosuhere statio~s have been in operation over almost 

all parta of t~e world for the past 25 years . The diurnal and 

seasonal varintione 0f the maximum electron density and 

virtual hei~ht of the lR.yers ere now well established . 

The for~ation of the ionised layers . 

The basic theory of l ayer formation under the action 

of the sun ' s radiation is that of CHA'P'iAN (1931) . This 

theory has many simnlifyin~ ~ssumptions, which are ~robably 

not true for t~e conditicns urcvailin~ in t~e ionosuh~re . 

It has, however, served ao R.n imuortPnt basis for the theor­

etical stuQy of the formation of the ionised layers . Both 

the 'S and F1 layers apnrox:imate fairly closely to "Chapman" 

l~.yers . 

From the regular observations made on the E and F1 

layers it is noted that their ionisation follows the rise a.nd 

fall of the sun very closely . It is thus natural to assume 

that ultra-viol~ t radiation is the ionisi~~ agent for these 

two layers. ThP. morpholo~y of the F2 region, however, 

exhibits many comT.>lexities and anornalies in time and space 

whbh cannot be accounted for by simple Chap~an theory. 



- 6 -

It has also bPen aug-ested by CRA"Pf'A • (1932) that 

the ionised layers ni~ht be produced by neutral particles e 

emitted fro11 the sun with a limi tintS velocity of 160~ km/sec . 

Various factors have been introduced to account for the 

_observed varir-~tions of F2 ionisstions . GLBDHILL and sz:.ND"qEI 

(1950) and l1'ICOLBT (1951) considered an atmosphere with n 

linenr temperature ~radient rejecting Chapman ' s assunption 

of an isothe~al atmosphere . It was consinered that the 

de;>artu-rc :from the Cha"Ol!ll3n theory ·t~as d·1e to expansion due 

to hea.tin("r . The drift theory of MA~TYN (1947 a, b) hus 

received increasin~ at tention in the nost- war years . According 

to thia theory, the a.bnor,.tal daily, seasonal and latitude 

vAri9tions of f 0 P2 and of the maximu~ height of F2 are due to 

the uolarisation S (electrostatic) fiel1, associRted with the 

t;>roduction of the current in the "dyna"llo 11 region o-f' the 

ionosuhere resnonsible for the observed magnetic variations 

on both :na~netically ''quiet" and -naiS!le t ically "disturbed" 

days . 

'RATCI.IPPE (1951) has recently evaluated J Ndh , thus 

d·~terl'!linin~>' the total number of electrons in a vertical 

colum~ of one square centimetre thr~u~h the v 2 region below 

its maximum. In this way it >·me nossible to eliminate any 

effect of expnns ion or movements . He showed that the total 

number of electro"1s calculated this way behaved in quite a 

regular manner with resnect to the sun . This provided 
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sup~ort ~or the ultra- violet ori~in of the F2 layer. 

Early measurements made during solar eclipses . 

Information as t~ the controlling effect of the 

sun ' s r<J.1i~tion on the ionised layers can be obtain.ed by 

obsP.rvin~ the chan~es in ionisation ~roouced by a solar 

eclipsP.. 

Radio measurements made durinu solPr eclipses os 

early as 1925 and 1927 established that aopreciable ef~ects 

were produced within those regions which were resnonsible 

for lon~ distance radio trans~ission (i.e. the ionos~here) . 

The Breit and Tuve pulse or echo-sounding technique, which 

could determine changes produced within the ionosphere ,.,as 

not available until the total solar acli~se of Au~st ;1, 1932. 

The study of ionisation chan~es durin~ an eclinse afforded an 

ideal op~ortunity fo r tes tin~ the two hypotheses regardinR the 

ori~in of the ionospheric layers, namely as to whether ultra­

violet radiation or neutral corousclcs were the ionising 

a~ent. The eclipse for corpusclPs - ("corpuscular eclipse") 

occurs several hours before the ontical or ultra-violet 

eclipse. 

nurin~ the 19'3? eclipse extensive observations \tere made 

in Anerica. ~arked dec~~ases in the ionisation of the E and 

P1 layers were observ~d, coincidin~ with the time of the 

ontical eclipse . This provided evidence for the ultra- violet 

origin of these two layers. No positive evidence at all was 

obtained that any chan~e in ionisation was nroduced in the 
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F2 region. TUrther mGnsurements were made durin~ subsequent 

ecl~pses in 1935, 1936, 1937 and during the partial eclipse 

of An!'il 7, 1940. Further and conclusive evidence to/as 

obtained during the~e eclipses in favour of the ultra- violet 

origin of the B nnd F1 layers. The observations also showed 

~hat the ionisatinn chan~es were closely in equilibriu~ with 

the source. Uncertainty still ~revailed whether solar ultra-

violet radiation or corpuscles or both were active in the 

~orn~tton of the F2 region. 

The interpr~t~tion of eclipse effects in the F2 

re~ion has be·en by no means an easy task. Durin~ the middle 

part of the day large and irregular fluctuations are likely 

to occur . Thus manv observers (KIRBY, GIJ ... LILAND and ,TUDSON, 

1935, SCHAFER and GOODALL, 1936) have been forced to admit that 

wha.t anneared to have been an eclipse effect. in the F 2 region 

mi~ht just as well have been an everyday fluctuation . In 

addition, it is well known that increased map,;netic activity 

affects the ionised ln.ycrs, -particularly the F2 layer. The 

eclipse of June 19, 1936 was accomvanied by a severe nagnetic 

storm. KI"R~Y et al (1936), llfAIS~'TTH (1937) a11d other observers 

were thus unt'lble to decide whether the ooservsd effects were 

due to the eclipse or the magnetic storm. 

The advent of the Second World \o/ar prevented ln.rge 

"lUmbers 'Jf rea1in.rrs b"'!inr; taken duril'l._e eclipses until 1945. 

However, a total ecli~se of the sun occured on October,!, 1940 
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ovor ;1urts of Brazil and South Africa. A pnrty under 

Gil.~·ILAND (1942) made ob:->crvations in Brazil, and three parties 

under HICIJ'.J (1942), Pif:RCE (1948) and HAI,T.IDAY (PP:HC .. , HIGGS 

and HALLIDAY, 1940a, b, 1942) undertook readingo in South 

Africa . These three parties in South Africa were plRced 

some d.istA.ncc apart alonr; the belt of totality. Although Higgs 

Ya£i not Pure tha.t thflre waa an eclipse effect on the F 2 , 

comparin with Pierce's results, he otateo that any eclipse 

effect wns certainly nn ultra-violet effect and not corpuscular. 

Now thot it had been cotablished that ultra-violet 

radi~tion wan ~t lca~t responsible for the B and F1 lQyors, it 

wan in ~ercstinJ to nee whethr>r this radi•\tion was emitted 

uniformly from tho sun's disc . From the known relationship 

between radio fade-outs and chromosphcrio crruptionf , local 

and important "hot r:pots" arc know to exi"it at certain times; 

but th,. reRU1 '11' behaviour of the E rc[;ion f rom day to day, in 

con.trrnt with the .. tuch bigcer variations, for example in the 

arens or hrieht hydro1cm patches visible on t.he sun, Sllf1lJOst 

thnt thc'le locally enriched 1nee.s ar0 of only teMporary 

import·~nc ' e l'ho fact that Higgs and Pierce were so placed 

alon ·· the belt of totality waa of P"rtioular ur-e in de.. ter-

mininG whether t.hf.'r~ wa<- any nuch non-uniformity in the 

rn.cli ~tion f'rcrt the !'!olnr dine . It appenred thnt tho 

r adi tlt ion rfl~::6nsible fo r the"': region was not mnitted 

uniformly from the sun's disc, but was coming at lea<>t !."lainly 
:from e;roup~3 of calcium floccnli . 
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Large P,rou~s of obsPrvers took observations in 

Scandinavia durin~ the ecli~se of July 9, 1945. ~YDBECl{ 

(1946) found a correlation with radiation emitted from 

hydrogen faculae . Later .4./\.LD!"EIER (1947) showed that in 

fact a better fit to ~ydbeck's readin~s could be obtained 

by correlatin~ with the intensities of the 5303A0 coronal 

radiR.tion. Since the main emittin~ regions of coronal 

radiation were closely connected with the faculae regions 

such an analysis was not conclusive. 

Recently ~·ni~IS (1955) fr0m E layer l!le'lsurcments 

also found a correle.tion with sources of intense ~reen coronal 

radiatton. 

The electron-loss nrocPssea in the ionosphere . 

If the fo~Rtion of each of the ionised regions is 

attributed to the ionisation of some particulAr atom or 

~olocule, then the rate of increase of electron density n, 

is given by the equation: -

dN = q - k 
(\t 

•• •• 3 

~here q is th~ rate of production of electrons or positive­

ions per cm3 Rue to ~ho~ionisation and k is the rate of loss 

of electrons per cm3 due to some ~rocess (e.~. recombination 

f:}tc.) AP'PT.,'STOl'i and nAIS UTH (1932) inclined to the view that 

eloctrons disa~p~ared nainly by attach~e~t to neutral particles, 

and the subsequent mutual neutralisation ·-:>f positive and 

negative ions took place . 3CKP.~SLEY (1933) however, favoured 



- 11 -

a process of recombination between el~ctrons and positive-

i·ms . Later A.T' •J,l'T"lN and .. lA.!')MITH (1935) adduced their 

ar~~ents in f~vour of the main process bein~ recombination 

in both the E and F regions. MARTYN and PULLFY (19?6) 

then sutncsted that recombination Rnd attachment followed 

by the subse'luent breaking u-p of the n~gative ions e.ll occurred. 

to~ether. ~ASS~ (1937) and BAT~S et al (1939) have shown 

th~t this is probably a satisfactory nicture of what occurs 

and that it does account generally for the observed variations, 

in particular for the a~p~rent behaviour accordin? to a 

recombination law, when in fa.ct imuortant attachment and 

detachmP.nt processes are occurin~ to~ethcr~ 

For a simple recombination process, the ionosuheric 

continuity eouatio"1 beco!'lles.: -

dN = 
dt 

2 q - ~eN •••• 4 

where tX.
9 

is the radi~tive recombination coefficient . For 

a predomin~ntly attachment process the eauation beco~es: -

•• •• 5 

where ~is the attachnent coefficient and N0 is the n~~b~r of 

'X neutral particles p~r em • 

0n tho theory o! Hassey and his collaborators the 

equation would be:-

£! = q - ot 
1

N
2 

dt 
•••• 6 

I 
where ol- is the "effec~iven recoi!1bination coe:fficic11t, which 
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includes factors oue to attachme~t etc . 

~-1easure'llents nade durtng solar eclipses also -provide 

informat ion as to the electron-loss coefficients, whether they 

be due to attachment alone or due to an effective recombination 

process. 

HULBU~T (1939) suggested that if the ionospheric 

continuity equation were of the form say of equation 6, then 

during an eclipse this would reduce to: ­

dN = fq - ca<: 
1
N2 

dt 
•••• 7 

where f is the unobscured fraction of the sola r disc . In 
I 

order to determine the likely value of o<.. for any particular , 
l ayer a value of p( is assut1ed and q calculated from control 

clay data using equation 6 . Usin~ these values of q, the 

expected or "theoretical" variation of R is then calculated 

from noint to uoint durina the eclinse using equation 7. 
J 

The process is then repeated for different values of cl 

until the best fit with the experimental curves is obtained. 
I 

Usin~ this method, values of c{. have been calculated 

fr·:nn many eclipse measurements. The values differ considerably 

from eclipse to eclipse, but in p;enere.l the following values are 

approximately those fou~d for ench of the three main layers . 

~ ~ = 1 x l0- 8cm3sec- 1 · 

5 x lo-9cm3sec- 1 

- 10 '3 - 1 
1 x 10· em sec 

Some observers (e . g . ·~TrBY , GILLIJ ... A~n and JTJDS0111, 1936; 
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SAVITT, 1950) have concluded th~t attachment is the predominant 

electron- loss process in the F2 region. They found that 

equation 5 with q renlaced by fq durinR the eclipse provided 

a ~uch better fit to experimental ooservations than the 

effective recombination law of equation 6 . At the present 

time the electron-loss nrocesJea are still a matter of some 

consi1erable discussion. 

BhTES et e.l (1939) have calculated that ol,4 the 

radiative recombination coefficient is of the order of 

-12 "5 -1 10 cm·sec • Clearly from the vPlues of cL J obtained from 

eclipses - and other means - this process is too slow to account 
l 

for the obser ved values of ~ • Hassey and his collaborators 

(~ASSEY , 1937; BATES et al, 1939) have shown th~t' -

e:{/ = o(..._ + ~ •••• 8 

wh?re A is the ratio of the number of negative- ions to the 

number of electrons, and c( i i s the ionic recombinf'tfon coefficient • 

Since •••• 9 

In this way it was possible to explain the large values of , 
ol deduced from exneriment . 

Later, however, BATES and MASSEY (1943, 1946) have 

shown that in fa.ct the-ir nega.t i ve-ion theory of the recomb in-

ation coefficient still 4 oes not account for the lRrge values 

of .{1 since the theoretical values of ~ and d;. are still too 

smallo 

In order to overcome t'1.is difficulty BATES and 

~ASREY (1947) have uro~osed a new recombinat i on theory in 



- 14 -

which it is sun0osed that positive molecular ions recombine 

due to dissociative recoMbination (in the E layer) and 

~ositive ato~ic ions transf~r their charge to~lecules with 

subsequent dissociative recombination (in the F reg ion) . The 

theoretical value of the dissociative recombination coefficient 

is about l0-8cm3sec-1 and this readily accounts for the 
I 

observed values of -t ., On this theory ~/ would decrease 

with height as the molecular concentration decreases with 

height . 

The theory shows th~t lower down at E and F1 heights 
2 

the electron loss rate would be urooortional to N (recombination-

like ) and higher up at F2 heights it would be ~roportional to 

N (attachment- like) . This would seem to account for the fact 

t11at some obnervP.rs have concluded from eclipse measurements 

that the loss of electrons in the F2 l ayer follows an au~arent 

~ttachment l aw, although this point has not yet been mentioned 

in the literature. 

Origin of the F2 layer. 

It was first suggested by 'S'qi>,DBU'-:Y (1938) that the 

F2 layer might have the same origin as the F1 layer due to 

the ionisation of the same ionisable constituent by the same 

source of radiation, but bein~ formed because of the much 

slower electron los~ rate at F2 heights . 

The consequences of this hypothesis have been 

considered by MIT:lft. (1952), RATCLH'P'E et al (1956) and RATCLIFFE 
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(1956) . In particular ~ T~IJP..,FE (1956) has shown that this 

hypothesis is also consistent with the dissociative recombin-

ation theory of Bates and ~assey . He shows that this 

accounts for the fornati•n of the F1 layer only durin~ the 

daytime in Sum~er and in particular at sunsnot minimunt . In 

ad~ition, it is pointed out that an F1 peak should be more 

enhnnced durin~ a ~ar eclipse . This has in fact been observed 

on several occasions as tre formation of an additional layer 

(F1~) between the F1 and F2 regions. (e .g. LEDIO et al, 1946; 

EST-qABAUU, 1952; "fT'7NIS , 1955). The l-'1! layer so formed 

later merll'ed with the F 2 agailt, when the F1 layer recovered 

its normal ionisation towar~s the end of the eclipse . 

Th& eclipse of December 25, 1954 . 

The work n~esented in tria thesis contains an 

analysis of ionosnhcric records obtained durin~ December 1954 

and January 1955, including an annular solar eclipse which 

occurred on DocembRr 25, 1954 . 

In snite of investi~atione over twenty-five years, 

includin~ investi~ations at over :fifteen eclipses, a large 

numbE>r of problens still remain unsolved, in -particular 

regardin~ the behaviour of the F2 region. l'he normal 

ionosnheric records obtained by the pulse sounding method 

at most recordin~ stntions do not land thecselves to 

particulorly ncr:urate measurenent of critical frequency 

or of the virtul\1 height . · It must be remembered that if 
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~uantities li~e N2 are to be calculated this involves the 

evaluation of (f0
)
4 , and clearly the accurate measurement 

of critical frequency ia very important. ?or the nur-pose 

of this investi~ation a succially designed automatic 

ionosnhere sounder of hi11;h resolution was constructed in 

order to achieve this end . 

The .,.r,.,at Majority of \iorkers in t'~ is field, in 

analysinu, ~aily ionosnhPric records have limitea their 

calculati"1ns and conclusions to the observation of critical 

frequencies and virtual hei '"(hts. It is ~dmittod that the 

conversion of virtual haights to true heights by any of the 

earlier methods presented in the literature (e . g. B01KER 

and :;SATON, 1940) invol ves a conr;iderable arn-1unt of 

additional comuutP.t ion . In addition, until recently the 

nethor'Js are usually based on the assumption of a -parabolic 

layer which is genPrally not true, except near the maximum 

in the layer. Howev r, it rnust be stres~ed that any 

results hnsed entirely on virtual heieht observations can 

hardly ~ive even a qualitative explanation of the processes 

which tnke placo in the ionosnhere . qecer.t methods of 

com-put in? the true height fron the virtual hei~ht ( !·fA '"lfiNG , 

1947; · :Lso, 1952) are based ·,n fewer assuml)tions and the 

electron ~ensity - heip,ht nistribution can be calculated 

fairly simply. ObsP-rvations at nnly two eclipses (SAVITT, 

1950; '•I~~IS, 1955) have made use of these methods. The 

com.,.,le te scR.lin.~~: nf all the records ta'ken durinp; this 
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investiga.t ion, us in~ t.he ~ethod of .... ::Lso (1952), was thus 

undert~ken. A thorou~h and complete picture of the control 

conditions were thus obtained for comp rison witr eclipse 

observations. 

Cl~arly, ionos~heric readings during solar eclipses 

offer unique opnortunities for studyin-; the many factors 

which influence the ioni ed layers and which could not so 

easily be deduced fron the normal diurnal and ~e~sonal 

varia.tinn • It is hoped t~at the observations and deductions 

..,roduced in this thesi.s will make some contribution to a 

clearer un1crstandin~ of the processes which take ~lace in 

the i0nosnhore. 
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Pfi'1T 1 

(a) Experimental •~ethods . 

Introduction. 

The Exoeri~cnts o~ A7'L~10~ and BAq'FTT (1925) and 

'RT.:!.~TT '3nd TUv·; (1926) ~ere able to prove the existence of 

~ conductin~ layer in the un~er ~tmosnhere. Annloton and 

T:hrnet t vnricd tho frequency of a transmi ttor linearly by 

a small amount, and ,,,.., "e able to prod1.1ce interforence 

rri~~es Qt ~ recPivin~ st~tion some distance a~ay; these 

could only be attributed to interference between a "ground 

ray" comin.v. etrai,c;ht f ro?':l the tranmni ttPr t'l.nd a nsky "'avett 

reflected from tho c~nductin ~ layer. By countif'IP. the number 

of frin~cs they w_re a~le to ca lculate the anp~rent ~atb 

~ifrerencc and hence the ~irtual bGi~ht of the layer. 

Breit and Tuvc ~dull'lted a t~nsr.i tter \vi th a 

~eri es of nulses of 501 microsecon~s dur~tion. '!.'hey C")UDled 

an oscilloar~~~ to the receivor a~i this shoved two received 

uulses - a~ain, one due to the ground wave a~d ~ne due to 

the sl{y wave . By "tlE'a.S'lrin_c: the time i"YJ.terval betwce'P'l th" 

t~o receiV"'d ")Ulses t;he virtual hei~~t could bo cstlcul"lted . 

A '"'r.·:i:~'N and 11AT~I .IF?E (1927) devised a thi r.d method 

of measurin~ the virtual het~ht . Usin~ a directional 

receivinl!' antenna. system they were abl e t0 measnre the an,.n;le 

of inci1e"YJ.ce of the down-conin~ s~y wave. 

The Dreit and Tuvc Metho1 h s nroved to be preferable 

for further investil!'~ti~n, an~ has been improved and 1ev~loped. 
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At ~ho1cs University, ionosnhcric mcasure~ents had 

previausly been made by manually op~rf\t~d equipment ( GLr~DI1!LL 

anrl szr:··nREI, 1947a}.. This mE>t~o1 is labo-ri0us and time 

eonsuming, ~~d it is obviously an arlvantage to const~Jct a 

sounder which will talce readings automattcally at definite 

intervals . 

Com-pl.::?tely automatic equip cnt hns been devisod by 

R l1v-'y?-q, 'IET.LS and S 'hTr'lfi (1936) anrl othP.rs, and the Carnegie 

Institute ~aint~ins such un~arntus in continuous 0poration 

for rcc'1rdin--: conditions in the ionosnhPre ~t a nutnb('r of 

stptions throur:hout the world . "t'ihilst t~is an~11ratus operates 

very satisfactorily a. lRr~e number o .f engineering nroblems hod 

to be ov~'rco.,e . A transmitter and receiver hRd to be 

lesi~ned to cover the large frequency ran~e, say from 0 to 

15 Me /sec . "bvi "'~Usly no oscillator can covr•r this range 

in one band, and ano"'rt'l.t•ts s'.lch 'lS thvt used by the Carnegie 

Incti tute 'bccomos vor~r intricate vhen three or four banns 

are required . N?t 0nly do the tran$nitter and recP-iver 

hn.v" to be ban1awi tchcd ~'ltt)':'lfltically, but t'"le receiver has 

to br> 'kept tuned to the transmitter at all stap;es . The 

a-ppara.t·ls bec~mes VP.r.V b•1l lcy with the a.ddi tianal 111echaT'!ical 

equin~ent necesnary to c~rr.y out these Jpcrations . 

IADL'-:Y (1949) ')rilliantl.v overcar:~e this n~cessity 

r0r bands~itchin~ by e~~loyin~ the heterodyne principle . 

A s in~lc oscillator is required oporatin~ between ~0 Me/ sec 

a.nd 50 t-1c/sec; this can be done in a single bp.ntl . 
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To r.r~o1uce an flUt'1ut or !) to 21 '4c /sec tha osc1.11ntor 

io mixed with a fi~od oscillot<:>r a t '30 ~4c/sfJc, the d:i.fforon<~c 

in frcauenc;r ( o - 20 ·~c/sec) bein;t n'"'lt>l i fied throa,;h a 

syst~m ~f ~ide-band am~lificrs . Tile variaol~ oscillator 

'30 tl') 50 •':c 1!!.0C i o R.lso used as the lncfl.l osci lla.tor of 1\ 

supcrhntcrodynE> !'~Ct~ i ver fi vin 11 a-n in termed ia te froquency of 

:0 '"c Ieee, with the i neon inn, si~nals of 0 t-, 21 :'c /sec. 

OUTPUT INPUT 

\ 
V 0-20 Me '\ V 0-20 Me 

0 s c. 
30Mc 

\V 

AMP. 
./ 

MIXER 
/ 

0 s c. 
~ 

MIXER ....... I.F. AMP. 
0-20Mc ' 0-20Mc "" 3o-50Mc 30Mc / 30Mc 

Ir1 this nn.rm~ t' tl1f> transmitter and r ece i vor are at all 

br- p ~fome1 by tho rot.nt ion of a ni"lJlc c-:>ndenser. 

Hsin.v t l-J i s nri~ciple a comnlet~ly aut.,"lRtic ionosnhPre 

OVC)r qouth Africa on Dece"lher 25, 1954. 
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DI)Sl!';!1 of \utn.,<=ttic Ion">anhr>re CQ'tipnent. 

\s hRs baen ntated abnvc, the ue•hod c~nsict3 of 

&end in~ out s"!ort nulscsof sui table l~ngth, voryir11; the 

frequency or the tran.tJMitter A.!l'l reccivin.~ hoth tho ~r?und 

tJave and t lo).e sky wnve ~>n :. :'JT)CCi~l recei ·o~cr '-'h!>ne 1ut·1ut is 

coupled to "' reccrrJin,; device. In this case a cath)·1e rny 

o~cillo•r ryh as used. , t n~y ·>ment the oscillo~ranh ._il! 

in:Hcat'3 tno vi.rtlHll heieht nf th~ rc-~'lectcd ray corres-,on(ling 

to th~ ti~e 1el~y betveen the ground ray and the reflected 

ray. b.ccurate l!loaaurement is r_,qui-red of (i) the frequency 

of the transmitter and ( ii) tho virtu'\.1 "lel.::.ht of the 

~eflftctin~ nediu~ corrospondin~ to this ~requoncy . 

calibT"o.tinn i~ obtained by llD"?lYinT, suitahle "nips!' to tho 

o~cillo-rP<"')h C'Jrreo o·din'7 to 5') lot. heic;ht nr"ks. rrequcncy 

calibration is obtained by apolying the heiF,ht Dips at 

~ 'tc/scc intervaln. Titis is done throu~h a calibration 

'1~f\te" st. ~e. 

Por the ryuruose or descrintion the equip~ent moy 

th10 b divi~od into the follo,.ing sections: 

(a) ?ul3e ~on~rator 

(b) Trnnsnittar 

(c) Aerial oyste~ 

(d) ~ec~ivcr 

(e) lJeiP"ht 'ialibrator 

(f) Wroqucncy ~ librator 

(g) ~nl i '1ra.tion Gat~ stAt>e 
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(h) 'qecord i.ng a.nd !toni torinr, Oscillographs 

(i) Pow~r Sunuli~s 

(j) Auto~~tic )wi tching 

(k) ~~cardin~ :?mera 

In order to arrRn~~ for the system to be in~eoendent of the 

'J tabili ty o f h'i -vo;h frequency oscillatl'}rs the uae of double 

hP.terodyne in both the transmitter and receiver is employed. 

The fixed ~rcquency o ~ 30 Mc lsec is obtained by takinR the 

f-:>urth hnrmonic of a 7. 275 l'c /sec crystal oscillator, f"l viniS 

a frequency of 29 . 1 ~c/sec . This is then mixed with a nulsod 

oscilla tor of 90() 'Kc/s(~c, 1iYin~ the desired outnut of )0 

The 29.1 Mc/s~c so derived is also used as t he 

second loc~l oscillator of the roc~ivcr. It is mixed with 

the f'irst I.t" . of 30 Me/sec ttnd a second I . F. of 900 Jrclscc 

ie produced . Thts is JTlUCh more sni table for a~-nlificution 

in thA rcceivP.r tl-'an the '30 "c/sec I. r'. F'i.g. (2) shows a 

block di~~arn of the annaratus . 

The a">naratna Wt'l.S constructed on five chassis, e9ch 

a-onroxi~lltcly ~ feet 6 inches by 1 foot 6 inches, housed in 

a fra.mowork of rnc~s nbout 6 feet hi!\h. (Fig. 3) . 

Tho construction '1f' the apparAtus, vhicl1 is described 

here, wRs actually 3tarted 3ev~ral ye~rs Dr~vinusly but was 

abandoned artcr only Chassis 1 and part of ~has~is 2 had 

been comnletod. After S?~e modifications to those two chassis 

the construction of the rc~aindcr of the five chassis was 

c?mnlotcd by Oetober 1951 in nrop~r.ation for readi~ :s relating 



FIG: 2 B LOCK DIAGRAM OF IONOSPHERE SOUNDER 
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FIG:3 AUTOMATIC IONOSPHERE SOUNDER 
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to the eclipse . 

~ach chassis co~nrised the followin~ unrts of the 

equipm.,nt: 

Cl-las.J iS I 

Ghnssis II 

Chassi s lit 

Chassis IV 

Ch<H'I~is V 

'1ain Pow"r Sunnlies - (Fi.n;s. 4 an~ 5) 

Automatic Switc~inR for filaments 

and H.T. sup-pliee, frequency calibrator -

('Pi~s . 6 anti 7) 

Monitor.in~ oscillo•Taph, nulse ~enerator, 

~ei~ht calibrntor, calibr~~inn ~ate 

stage video outnut and AVC st~es of 

t~e receiver - ( Fi~s . q and 9) 

Trensmitter ~river, receiver, automati c 

swi tchin~ ror rE"Cvr.1in'a.: ca"'1era and 

con1enscr 1rive ~otor - (Fi~s. 10 and 11 ) 

Tr!lns~itter atT!:nlificrs anr'l outuut etage 

(~i~s . 1? and 1~ ) 

The ~ecordin?,&scillo~r.anh and its po~er suunlv ~rP. seen in 

r.i~s . 14 and 15.and the recordin~ ca,er.a in Fig. 16 

(a) Puls~ ~tener.ator e.nd :nodula.tor . 

Using the pulse s~undin~ method for ionosnhPre 

invrsti~ntion, c~rtain li~it~ ~u~t naturally be at.tached 

to the uulse len11th ann ,..,ulse rate. The durati~n of the 

nulse nu~t be suf iciently short not to overlap the leadinR 

edge or the r~flecti '>n rron the lowest layer. 1\s +-he heio:ht 

0f the B lay~r is ab~ut 1~0 kn. the lcnrth of the fo~w~r.d a~d 

ret~1rn nath at v~rtic<l) i.nci1cne~ is 2'1! kl!l. If the 

simlA.l travr>1 s \.fit~ the speed of' light ( ) x 105lrnlfsec) then: -
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Time 'lelay of echo = ~ '5 =r 667 Usecs . 
3 X 10 / . 

However, the pulse should not be very short because the 

amount of energy w~ich can be radiated with a given transmitter 

decraascs as the nu~ses are shortened . Practically, a 

l~ngth of 100 to 200 micro- secon1s is found to be suitable. 

In addition, the interval between pulses nust be 

large comnar~d with the time ~elay of an echo fro~ the highest 

layer. Virtual hei~hts of 1,000 km. are not uncommon in 

the pulse soundinP; of the F2 layers , narticulRrly near the 

critical frequency . By a similar calculation to the above 

this gives a time delqv of about 7,100 micro-seconds. Thus 

the nulse rate shouli not exceed 150 per secon~ . The lower 

limit is set by the persistence of the glow on the CRO screen. 

In a town supplied with 50 c/sec A. C. mains, it is very con-

venient to control the rmls~ rate from the mains. The 

~ethod offers the a~vantage that other apparatus may easily 

be synchronise1 with the nulsc rate an~ will not go out of 

synchr0nisation even if the main3 frequency fluctuates 

so"PJ.ewhat. 

The pul;Je P,enerator is located on Chassis '3, and 

The 50 c/sec A.C . 

~ains is anplied to the grid of V22 from the 6 . '3 volts 

f i lament ~otential through the sten- up transformer T12 and 

the ~hase-shiftin~ circuit 2/ fd and lOK. v22 snuares and 

limits the wave which is thrm differentiated by the 500 pf 
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and 500V. et the ~rid of v2 3• At this stage it was found 

that the nulsc was not sh~rp ~nough due to insuffic ient 

In orrter t.o obtain a sharp0r pulse a 

t:loubl~ trioje v24 was used as a nultivibra.tor. rlor111ally 

the m1ltivibrat~r i · in R auiescent stat~, since its first 

grid is r~turned to n -point 5') volts negative a.nd its second 

grid is returned to H.T. nositive . A no~~tive going square 

wnve fr0n V?; a~~licd to the second ?,rio of v24 thun sets one 

cyc1e of t!1e multivibr'\tor in ::notion. The nultivibrator is 

1esi~ed to ~ive a •rP.ry shnrr:> negative slo1)e and this is 

diff'erentinte~ by the RC cirC'.lit At t.11n gri~ of v20 wl-J.i ch 

t herefore deternines the dur~tion of the -pulse . 

v20 is the r:>ulnc modulator and is normally drawing 

hP:;.wy currr.nt since its gri<J is l eaked to ground (i. e . H. T. 

uositivc relntivc to the cathooe). Corrcsryondin~ neP,at ive 

voltn~eo nre thus dovcl0~cf acro~e the various SPCtions 2 . 5~, 

1~ an~ 12. 5~ in t~e nlnte load . These v~lta~es are 

sufficient to cut off each of the various transmi ttor ar.rolifier 

stages to \"'hich they ar" ap'Jlied as -.;ri d bias . The n('fgative 

""ointt scuare vave from the rmlt i-vibrator cauoes the tube t o 

cut off sharply, and the tr~ns~itter aonlifiers thus become 

conduct in'\ . The duration of the nulse ia controlled by c 3 

which a l tern the RC tine conotant at the grid of v 20 by 

varying the 5COK resistor. 
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(b) Trans~itt~r. 

This i9 divi1e1 into two sP.ctions, the tra~~mitter 

~rivPr wh5ch comnri~es valves v33 to v43 inclusive on 

Chassis 4, nn<i the tra.nsmitt~r a.mplii'i~rs which coi"Jnrise 

v43 is a crystal 

controlled oscillator opera.tin~ Ftt 7 . 275 "1c/sec . Th is 

driv~s a ~u~tipliPr stago v42 , whose ~lnte circuit is tuned to 

the fourth hn.n~onic (29.1 ~c/sec) . This frequency of 29. 1 

~c/sec is then fed into the first transr.1itter nixer sta~e 

V
41

• The siRnal ~ri<'l. of V41 is fed with a nulscd 900 Kc/sec 

wave from v40• r~ormally V 40 is biased beyond cut off through 

the 20f{ grid leak resistor to the pnlse r,oculator nlate load 

via cross connected U to ~hnssil3 '3 . Thus V40 is cnuoed to 

produce a nulsed oscillntion of 900 ~clsec in synchronism 

T~e 2~ resi s tor from the ~rid of 

v40 to H.~. positive ensures thRt the ~rid is brou~ht to 

pround ooten+,ial fit the start of the nulse and not some-where 

ne,q;a t i ve . 

The mixer sta~e v41 has its outrmt sharply tuned to 

30 k/sec and a. oal:.e of this frequency is developed acros s 

it. v7;9 and v~7 are st.a.ges similarly tuned to 30 Me/sec. 

Their nurr)o3e is not to a""lpl.ify bnt to select the 30 "c/sec 

~ulse and su~nress t he ~ri~inal 29.1 Me/sec . Hence the 

feed to the ~rid of each sta~e is tapned down the nrcvi~us 

tuned circuit . 

The outnu.t of v,7 , S'.litflbly mntched down to low 
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impedanc~ is coupl0d via the 10 pf condenser to the cathode 

of v~~' ~ low-imnedance diode which is the second transmitter 
-· ::> 

mixer stage. 

v36 is tne main oscillator on~ratina from 30 to 50 

Me/sec. The upper frequency limit can be set by the 20 pf 

tri~mer, and the low~r limit by the 100 ~f ~adder condenser. 

The out-out of this oscillator is applied to the Ct'.thode 

follow~r v38 to match dovm to lo•,o~ impedance and then fed to 

the nlate of the mixer v35• The difference in frequency of 

0 to 20 Mc/anc appears !'\cross the catho~~e couplin.~ condenser 

of. 10 nf. This 10 9~ con~cnser forms the nid-shunt input 

co~non~nt of a low pass filter terminated in 700 ohms. The 

10.'! microhenrics inductance is the series element, whilst 

the grid cnnacity of v31 acts as the mid-shunt terminating 

element . This is a lo•.,r- nasa filter corresponding to type 

I in ~ig. 17 . This and all the subsequent counline filters 

cut off' at 20 t.tc /sP.c . V 
34 

is the first wide-band arnnlifier. 

At this sta~e there would normally have been ennueh output 

to feed v44' the firat of the three transmitter a~plifier 

stages located on Chassis ?. However, the out~ut from 

Chassis 4 had to be fP.d through coaxial-cable to Chassis 5 

to avoid ~ick-u~, radiRtion etc . Since the c~ble hnd a 

characteristic i~nP.dance of 100 ohms, it would have been 

imnossi ble to et~ml0y a suitabl e fi ltPr to cou'[)le from Chassis 

4 to Chassis 5. The outnut fron ~hassis 4 to Chasnis 5 

woul~ be ~0rtly Rttenu~ted in the cable. It was foun1 that 
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there was insufficient input to v44 on Chassis 5. This 

called for an addit ional amnlifier V33, on Chassis 4 to 

co~pensate for the attenuation in the cable. The output 

Trom v34 was fed into the grid of v33 through the s~~e type 

of filter terninated in 700 ohms, usin~ the f~ct th~t the 

outnut c~~acity of V34 and the innut canacity of v33 were 

both about 10 pf. The outuut fro~ v33 was then fed 

throuRh the coaxial cable to <'!haosis 5 which contains the 

thre~ transmitter a~nlifi er stages. 

These three sto.gP.s are all pulsed into class A 

condition in synchronism with the -pulse as described in (a). 

The out~ut froM v44 is fpd into v45 and '46 in nRrallel 

throu~h the low p~ss filter terminated in 700 ohms . This 

filter is mid-shunt innut as before, but is mid series 

tc~in~ted since the combined Rri~ capacities of v45and v46 

in -o--r~llPl is about twice the ont out canacity of v44 • 

Thi~ corr~ononds to the low ~ass filt~r of tyne II in 

T!'w out.""lut of V 45 and V 46 is finally fed into a 

400 ')hm filter, al'10 o-r tyTle n, fe'3din~ the final &f'lpiificr 

consintin~ of v47 and v48 in nnrallcl. 

0n ere~ o~ the three transnitter a~nlifiP.r staees 

the 300 pf and 5K grid counlin~ circuit is desi~ed to 

couple the R. F. satis -Rctorily down to P-t least 1 ~rc/sec 

and at the same ti~e, to apply the bias to the ~ri~s without 

distortion duo t~ the by-pasein~ effect of the coupling 

condenser.. 

It will be noted th:""t the !Jrid and plate circuit 
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of the three sta~es contain s~all resistors of 50 and 25 

oi:Jms respectively. This is to damn out any narasitic 

self-oscillntions Yhich arr likely to occur when two valves 

are oper~ted in narallel. 

The final amnlifier stage overstes ~t a screen 

voltage of 1,000 volts, deriv~d from the H.T. voltage of 

2, 000 volts which is aunl i cd to the rylnte throu~h the -q. ~· . 

choke of 2 millihenries . 

imucdancc of about 610 oh~s, ano the 0utuut from the ulate 

ie co,luled via the 0 . 01 fd !J.C. blosking condeneer, and 

the 650 ~icrohenrias R.F. cho~e to the ~erial . This 

aari'll should nr('>oent an ~. P . impedance of about 600 ohms 

to th~ final sta~e . 

io about 2 l<w. 

The~ . ~ . ~ower l evel in the aerial 

It '"IllY seem ourprisine; that so .,any states of 

a;rrrolifica.ti'm ~.re required. It m.u~>t be reacl"\bered that 

(i) the sta~r.es are nntuned, and (ii) with the syster; of 

wide band couplin~ utilisin?, lo~ pass filters, a small load 

resistnnce has to be uood in each sta~e corresp')ndin;~ to the 

terninating resist~nc~ of the filter. This means that 

wit~ lonns o~ 400 ~d 700 ohms A ~ai~ of only 4 or 5 is 

~enlised at c~ch ~t~P,e, h~nce the need for scv~ral sta~es 

of a~nlificati~n. 

(c) ~Priala . 

Tho desi~n of a sui~able acrinl or aerial system 

p~esents a consirterable nrohlem. The syate~ mu~t be able 
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to radiate t~e whole frequency band from 1 . 5 to 15 '!c/sec. 

Th~s w~s the freouency rnn"e used ~urine the readings. 

~any systems have been su~gested, the nost nooular of 

which is a syeten of two vertical rhombics . With the 

snace available at Rhodes University this was impracticable, 

and resort hRd to be maoc to a sim~lcr tyoe of aerial . Any 

aerial usually ha" ts characteristic reson~t frequency, and 

at this frequcyncy maximum out~ut from the transmitter is 

registered and radinted . Th{outP'lt and the ao.ount radiated 

falla off ra~idly on either side of the resonant freQuency . 

Unless resort is aade to a system of several aerials of 

ciff'crin~ resonant freouency the obvious soluti')n seems to 

be to try and construct a non-resonant aerial. The ordinary 

straiP;ht-v:ire above> P;l"l)llJ'l.d has a C<>rta.in characteristic 

impedance, o.nd if terr1in'l.ted in this impedance would have 

no rflsonant -points '1t all . It will behave as a nure resi3tance to 

all frequencies . At a height of about 100 feet above ground 

tl i.s chnr"lcteristic impedance is about 600 ohr'lls, and this is 

the correct i~pedancc value which the aerial shnuld ~resent 

to the final stage. Such an aerial · .. tas conntracted about 

120 feet above ground, 300 feet long, and terminated to 

ground by 600 oh•s nure resistance . The resistance was 

made weather ~roo~ by ~P.ttinR it in nPraffin-wax and enclosing 

it in a notal sh~d . 

The no·1cr to the aerial never varied by more than a 

ractor of 3 ovP.r the whole range. It decreaned nont Rt th~ 
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hi~hcr fre~uencies . This w~s not, howevpr, characteristic 

of the aerial but rath~r of the output of the amnlifi er. 

A 150 feet long wire aerial was used for. the 

receiver. It was unneceaf!ary to terminate thi.o in 600 

ohns, since t~e input to the receiver contained a high­

~ass filter termin~tod in 700 ohMs. 

(d) Receiver. 

The main section of the receiver is located on 

Cht~snis 4, only the AVC tlnd the video outuut stages being 

located on Chassis 3. 

The input from the aerial i s fed through a high­

"'')SSS filter t<:!r"!i.l'lPted in 700 ohms which cuto off all 

freouencics bnlow 1 Mc/sP.c . This is a filter corresnonding 

to tyne 3 in FiR. 17 and eliminates interference from nearby 

brondcact ~tations . It is c0unled to the grij of a wide-

band R. ?. amnlifier stage v3o, throu~h a short time constant 

~.c. cou'Plin,v, circuit of 1::>0 pf and 20K. This is im~ortant 

since the circ,li t must r~covor QUickly from the initial 

pul~e eorrespondinff to the ground wave in order to receive 

the reflected wnve effP.ctively . The tine-constant is 2 

micro-seconds Rnd it thus ta'keo "OE"rha-po 20 micro-seconds 

for this circuit to recovor comulctcly . The 0Utout of V30 

io counled via a 700 oh~ lov nas3 filter of tyue 1 (Fig . 17), 

to the signal grid of V?l' vhich is fed with the 30 to 50 

Me/sec si~~l frot:t V~n in the tra.nsni tter sectir:m. The 

f'irst I. to. of '30 t-!c/sec is thus derived anrl annlied via a 
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tuned circuit to v32 , the first I.F. amplifier. The 

out~ut of v32 is similarly tuned to 30 Me/sec and applied 

to the signal grid of v28 , which is the second mixer stage. 

The oscillator grid of this stage is supplied with a 29 .1 

Me/sec signal from v42 v i a cross-connection X. The second 

I.F. of 900 Kc/sec is thus derived . This 900 Kc/sec is 

exactly equal to the original pul sed 900 Kc/sec qt v40 in 

the transmitter. The second I.F. has three amplifier 

stages , V 
27

, V 26 and V 
25

, all of \·Thich are similar. The 

grid of each stage has a series R. C. circuit of lOOK and 

50 pf. This enables the amplifiers to work throueh strong 

C~f sienal s as the erid current drawn by each stage increases 

the bias voltage to prevent the amplifier saturating. 

The out-put of the l as t of the three stages is applied to 

the diode detector v29 , -..1hose output passes through an 

I.F. filter consisting of three RC sections of l OK and 50 

pf . At this point the signals are negative going and are 

auplied via cross-connection V to the grid of the first 

sec tion of v17 , a double t~iode, located on Chassis 3. 

This sect ion acts as a video amplifier. The ~ulses a r e 

se~arated from any D.C. level which ~ay be present due to 

interfering stations by the RC circuit of 250 pf and 2M on 

The uul ses and noise voltages are n.c. 

restored by the grid current of v17 v1hich onerates at zero 

bias o The signals on the -pl ate are positive going and the 

mean D. C. level at this point is a measur e of the noise 

voltages present . This level is used to control the AVC 
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circuit tQ maintain a more or leos constant noioe level . 

The nulse a~ulitujes have relatively little ef~ect on the 

~VC ns they Rre of short durati~n . This mean D. C. level 

is ap~lied to the grid of the AVC tube v19 , the D.C. being 

filtered out by the RC circuit of 150K and O.l~d . This 

~rid i s leaked to H. T. negative via the gain contr ol c4 • 

v19 is a cathode follower with its cathode connected to all 

the cathodes of the second I. P. a.nro l i fiers through the 

screened l~ad P between Chassis ~ and 4 . The gain control 

c4 is a~justed so that, .with no noise uresent the grid of 

v19 is so~ewhere behind cut off. The ~resence of no i se 

causas the grid t o ri9e nositive and v19 begins to draw 

current . The ! . ~. cnthodcs conoequently rise uositive 

and reduce the gain of the receiver. A more or less constant 

noise level is maintained determined by the initial bias 

ao~lied to v19 by the settinr of the gain control c4• The 

common catho~e resistor of lK of v19 and the three I . F. 

a -plifiers V 25 , V 26 , and V 2~ located on Chassis 3 . An 

additional cathode resistance of 15K, large c~mpared vith 

lK, has been ins~rted in the cathode of v19 on Chassis 4 

in parallel wi th the lK resistor. This acts as a protective 

resistance in case Chassis 3 and 4 are disconnected, other-

vise the catl1otie of v19 would be "floating" . 

The nositive goin~ outnut from the plate of the 

firnt section of v17 is now an~licd to the grid of one 
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section of v18, the video outnut st~e . ftfter coupling 

over from the first section of v17, the signal is D.~. 

restored by the s~cond section which oonrates as a diode 

restorinq the signals to H.T. negative. c5 servos to 

control the level of the ~utput from the receiver at the 

grid of v18• The other section of v18 contains the signal 

from the calibration gate stagP. This signal and the 

outuut from the receiver are both develoued acrosn the 

combined plate l oad of 25~ as negative goin~ signals and 

are a~ol i~d to the grid of the CRO. 

(e) HeiRht Calibrator. 

This is located on Chassis 3 . 

circuit of 3 ~c/sec in its cathode. 

vl6 has a tuned 

The tube is nornally 

conoucti1Ui' since its grid is leaked to H. T. positive. v27 

sup~li~s a neg~tive goin~ square wave from the pulse 

generator which cau!tt:;S the current in v16 to cut off sharply 

in synchronism with the trans~itter pulse . 

The inQnctance L discharges into the capacity of the 

tuned circuit and a damped oscillation of 3 ~c/sec is 

V15, a double triode, amolifi.s, squar~s and 

limits the '-Iave . The series grid resistors in each stage 

allow the volta~e to swin~ ~ositive without drawing 

excessive ~rid current . This ens1Jrc9 thnt the squ8.ring 

takes place in the correct phase relative to the square 

synchronisinv wave . The output of v15 is then differentiated 

by the 150 nf and 500 Jt ~C circ~tit to -'rive oins .. Th~ 



latter ?re then aT.olificd and limited by the first half 

~f v
14 

and are then annlicd to the second half. This is 

a catho~e follo~er which onorates ~ith its bias beyond cut 

off. Its function is to remove the ne~ativc going ~ins 

and ~ass the ~ositive ones only. The time delay between 

t'l~ ::>i"flS of a 3 ~c/scc wave is 1/),n:)O sec . 'For n. wave 

travellin;" at ; x l05kmlsec t~i s correa-:1onds to a distance 

5 of 3 x 10 km. i . e. 100 ~. distance. Thus e~ch pin 
~,000 

rep~P.Bents a 50 krn. hci ~ht mPrk ~hen nr.ojccted on the ~R1 

trace with the reflP.cted pulncn . The cathode o·1tnut is 

M"e.,.ative 'rOing 

pins from the nlatc ar~ also aopl ied to v13 for noutralisi ng 

r>urposP.s as vi 11 be descr:i.bP.d lt'..ter . 

(f) Prcguency 0alibrator. 

This is located on Chassis 2 . v6 is a crystal 

oscillator operating at 500 ~c/scc . The full outnut across 

the pl~tc cir~uit ia apnlicd to thP. oscill~tor grid of v5, 

a. 111i:xcr stagP- , through the 10 of coupling condenser. Thi s 

grid iraws heavy current on positive s~in~s charBin~ the 

1~ of condenser. !he condenser discharces on negative 

swin~s and a hi~hly distorted wave foro is oroducP.d 

containin~ a fair distributi'>n of 500 7 c/sec ha!'!:lonios 

un to at least 50 ~c/sec . The signal grid of this mixer 

stalJ'e is fed with the 30 to 50 'ic/sec si,~al from the na.in 

oscillator on 0-hassis 4 through coaxial cable . Aud io 

beats thus occur at 510 ~c/sec incre~ents of the main 
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variable oscillator freQuency as follo~s:-

60th ~nrmonic of 5·?0 'tc/sec -produces zero beo.t with 30 '1c/s~c 

" 6lst II " " " " " " 30. 5 " 
62nd " tl " " tt II " 

,, 
31 II 

and ao on. 

Those audio beats nre amnlified by the three stages 

The band-nass of these sta0es is rnstricted 

to 10 "1\c/sec. by the RC couulinl! filters between st'i.ges . 

The outryut of thP.se aopl1fiers is coupled to the double-

The two rHode sections are connected in parall el 

and the audio beat is r~ctified to ~ive a negative ~oing 

CRlihratinP ~ulse. This pulse is coupled to the calibration 

ate sta.~e throu~h a screened lead K to Chassis 3. The 

dl.n~ation of the --,ulsc is detemined by the RC circuit of 

o. 6l~fd and the 250K variable resistor. It is thus of 

about 1/500 sec. duration with the middle of the pulse 

correspond in.,. to the 5·')0 Kc/sec division. 

tt was found t'1at in fact, --oulses were uroduced 

every 250 l{cls,.c ., This ~as due to thE'> 500 :fc /sec oscillator 

being sufficie~tly rich in harmoni es ~o be ab1~ to nroduce 

audio beats with the second hnr~~nic of the main 30 to 50 

~c/sec variable oscillator. These audio beats occured as 

follows:-

12lst. harmonic of 5~0 V.c/sec produced zero beat with the 

second harmonic of 30. 25 Me 1sec. 

123rd. har'"'tonic of 5()0 l{c/sec -produced zero beat with the 
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second hr:1rnonic of 30. 75 '4c/sec . , and so on. 

These nulscs at 250 1\c/sec wore noticeable up to about 

6 l'"..fc-'sP.c (i.e. '36 !~c/···~e on the rnain oscillator) . As 

t~ese nrovid~d us~ful ad:H ti-:ml'l.l fr-equency m!trl<:a, no n.ttempt 

was m"1e to eliminate thn .• 

(~) ~alib~tion Gate 3t~e 

'T'hi~ ia ·sit·t::-t~d ·:>'l'l ~~nsr;is --: n"l is the double 

Tho second section 'lf this t-rioie (the right 

ha.,d ~"te in tl-Je rlin"r'\1!\) h~s the ct-.lib-ratin'! pulse fro~ the 

rrequency calibrat~-r o~ ~hassis 2 connP.cted to its grid via 

thl! scrAcned l(~ad -:r. This grid hns n standin~ po3itivc 

bia~ \l'l;ic"*'l i!l su,.,"llied from tho cat~o~e of V 
8

, nlso via J{. 

This nositiv~ bi~ ryrevont~ the tuhe fron rosnondin~ to 

noi"Je and S':':iall spurious uulses from the frequE>ncy 

This tube is thus nornally con•1ucting, its 

~lnt~ bcin" connected to a not~t on th~ blooder between 

H.T. QOSitive ~nd H.T. nc~ative. The ~rtd of the first 

sccti'">"" of V1 o:z is rP.turned to a -:-?int on t h11 same bloeder 

The -nositive 

the bi~s not nor~Rlly nllowinr the pins to ~n?nar across 

the cat~o1e load. 

The negrltiv~ ~l)int" C~llibr'ltin•; "JUlse from the 

freot~encv c~lib!""'t"r v..i:i- ~ causes the second section to 

c~tt of'f cor:mletely, the s-:-ction ~tl)ns conducting ca.uoin~ R 

ri~e in notential at the ~l~tc, and a corresnondine rioe in 

the bios of this 
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~rid i s now brou"~t to just behinn cut off. This triode 

acts as a cathode follower and the height calibration pips 

nov anpear across the cathode load . This cat hode load 

is by-~asved by a series of cond n3ers throueh c
6

• The 

RC ti~e constant of this cathode circuit controls the 

l~n~th o~ the nios . The selection of one of the canacities 

fro c6 n~ovides conrse ~dju~toent and the 50K v~riable 

resistor nrovi~es fi~c ndjustmant for controlling the ~ip 

len:sth . 

c:•vcm thop,-h the stat;P. is normally biased well below 

cut of~, the ~ri '-cat~one capAcity tends to llow the 

heisrht calibration -pins stil.l to s.ppea.r on t he cathode . 

This i s 1uc to the cathode resistor beinv unavoida~le hiP,h . 

A 5 nf c~ndens~r f rom the pl ate v14 supplies negative 

~oinp, nins to t~e CP.tnode to neutralise the height pins 

which still ap"lE"::J.r when the sta,.e is 'biased well back. 

The ~csitivc pios developed on the cathode with 

each calibr~tion ~ul~c are fed in one section of tho double 

triode vl 3' ar.d n~hntive ~oin pins ~rc develo~ed in the 

com~on nlnt~ load o~ 25~ to~ether with the negative nul ses 

fro~ the receiver. These are then fen t0 the n~in CRn 

via cross-con~ection Q. 

(h ) 1ecordin~ and monitorin~ oscilloBraphs . 

Tne rccordin"" oscilloP:raph is a 5LPtA type CR 

tube with a blue short nersistence screen suitable for 

~hoto~ranhic ourryoses. I t ha1becn mentioned ~reviously 
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thRt it is ver•1 conveni P.nt to control apparatus from the 

A.C. mAins freQuency. The pulse rate has already been 

controllen fro~ this source . It is there~0re very convenient 

to control the ti~e-base o~ the recordin~ oscillogra~h from 

this source as well, since it will thus not ~o out of 

sync~ronisation with the nulse r ate should the mains frequency 

alter at all. A uulsc-rate of 50 c/oec . corres~onds to an 

interval of 20 ~illiseconds between nul ses . Thus it is 

nosoible to read virtual hci~hts up to 3,00") km. At the 

most, it i s only really necessary to be able to read hei.'!h t s 

up to 1,500 km . un~er thP. usual ionosnh~re con1itions . Hence 

a fnirly lR.rp;e n.rOi>lifier w0uld be necessary in order that the 

first half of the time base be s~read over the CRO trace . 

This 'tTOul1 af'fect the linoari ty of the time base, n.nd in 

order to avoid this possibility, as well as the neod for a 

lnrgp a'"lnli fier, a delay- tvne time bn.Re ~~as el"!ployP.d, wor'<ing 

over one h~lf of the cycl e only. 

n~lny-tvne time base 

The ':imc b·•oe COT!InriSf:!S V
52

, v
53

, V
54

, V
55 

and V56 

in the cirC'li t rliar;rn~ of the record in~ asci llo~ra-ph (Fi~ . 16 ) 

The 50c/sec A .~. mains fre(Juoncy is inj~cteti to the grid of 

v54 throu~h the ste'1-Up trnnsfom··r T16 and the nhaso-shifting 
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~C circuit of 11~ ~n~ 0.5~fd . v54 squnrea and limits 

the w~ve which is th~n fed into the ~rid of the first section 

of v55' a double triode . This section is an electronic clamp; 

it hrs its nl~te connected directly to the grid of the 

second section . 'vi i thout any input of its grid the firat 

section is normally connuctin~ since its ~rid is returned to 

H. T. oositive . Conseouently the potential on the grid of 

the second section is low. ~hen a negative eoin1 square 

wave is annlied to th~ ~rid of the first section fro~ v54, 

it ceases to conduct and its pl~te notential begins to rise, 

an~ as it does so the notentia l acrose the 0 . 5~fd condenser 

also rises . This auto~~ticnlly raises the c~thode potential 

of the second s~ction (since it now starts to conduct) and 

this ~i~her ~otenti~l is an~lied through the 0.25~fd 

co~dcnser to th~ cat~ode of v~6 , a 1iode. The difference 

in notential across the 3.3 ~ resist~nce is thus ~c~t constant 

(within the limitations of the cathode follower), and 

therefore the current through it is also constant . Since 

this current flows throu 17h the 0. 5jA fd condenser, the rate 

of ch~rge of this condenser is aleo const~nt . The purpose 

of the diode v56 is to flllow ita cnthodo (w!:ich is also the 

top of the -.; . ; M resistor) to rise well above the ff . T. 

uotential durin~ char~in~ nP.~ks. The advent of a nositive 

n;oin<t square wave 8t thl'! <"rid of the fir.st section of v
55 

causPs the v~lve to c0nduct mor And the grid of the second 

sect ion to rlron ~nd hence the s ···cond 'Jection cuts off until 
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the next negative going square wave a~pears at the grid of 

the ~irst section. Thus the desired '"'ave-form is -produced 

Dt the cathode of the second s ection of V55 - a linear time 

bRae workin~ over one half of the cycle only . The output 

from the c .thode is then fed t? the ~ush-~ull a~plifier 

v52 and v53 and is then anplied to the X deflecting ulates 

of the CR tube . Part of the output from the cathode is 

also f~d throuP,h the 100 nf condenser to the grid of the 

CR tube to black out the fly bac~ of the time-b~se on the 

trace. 

The gri~ of the 0R tube operates at abQut 1,000 

volts negative an:l h .., s a Prid leak resister of 2~! to the 

n.T . negative su-nply. The bia3 on the cathode can be 

::,.dju3ted bv the control c21 on the TI. T . bleeder and t his 

controls the tube intensity. Position control is obtained 

by varyinp; c18 and c
19

, tl1e 2'1 resistors in the X ani! Y 

pl:'lt,e circuits. The ano1e oporqtes nt ~0und ~otentinl, 

a nd the intensifyin~ electrode is suunlied with 400 volts 

positive from the H.T . suunlyin~ the time-base tubes. 

The receiver outnut and calibratin;•· -pips from. 

Ghassis ~ are fed via cross-connection Q on to the grid of the 

~R tube throu~h the O. l jk rd D . ~. bloc~in~ con1cnser. These 

' sipnals are all ne~ative ~oinrr and cause blac~<-outs spots 

on the C~T trace . As the CRO was situRte1 in a dar~-room, 

a fairly lon~ lead h?d to be taken from the main equipment . 

This lee.d tended to uick un tl-)e nuls~ modul;:~ted ~.F. 
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sip;nals 'from the transmitter And at>p!hy it to the grid of 

the CR tube. This caused a blurring of the trace, s ince 

a no~ i tive si~nal would incre~se the trace intensity. 

It 's~s particularly important to eliminate this since the 

oscillo~ranh was to b~ phot~F,rnphed. Henct'! a.n ~.1". choke 

of 650 microhenries and a crystal diode returned to H. T. 

ne~ativ~ w~re inserten in the couplin3 circuit . The 

crystal ·Hode served to by-pass q.ny positive go in~ pul.5es 

whic~ occured i1 this lead . 

The ~onitorin ~ oscilloP,ranh is situa ted on Chassis 

3. The time bane is provided by v12• It is normally 

cut o~f since its gri d is rrturned to a noint about 50 volts 

negative via cross-connection~. The O.l~ fd condenser 

acros'l the va lve is ch~re;ed ue> to tha '! . T. ryositive 

notPnti~l thr u~h the 2H resistor. A positive ~oing aquare 

pulse f"rom the nulse .a;enerntor :-:: ircuit via cross- connPction 

M is aonlicd to the Prid. This causes the valve to conduct 

and the condense r disch!uges throusrh the ve.lve . The 

condenser thnn bep;ins to chr-ree U'U slowly throup;h the 2M 

resistor, until thn arrival of the ~ext oositive ~ulse when 

it ~ischarges again . A &aw ·tooth volta yc is thns nroduced 

at th pla t e of v12 nnd amplifien through v11 bnfore being 

appliPd to the Y. plates of the cq tube. The output of the 

time b~se a~nlifier is controlled by c15• Output from the 

receiv~r is sun~lied •ro1 the nlate of v17 via cross­

connection S, and apnlied to the Y de~lectin~ nlates . 
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Heipht c~librati0n pin3 are apulied to the grid via cross-

connection T from v14 . The.se are not "gated'' by the 

calibratin~ nulse. but anpear pornanently as black-out 

spots ~n the trace . 

The ~onitorin~ tube ~orks of~ the 400 volts rt . T. 

n~P.ative and the 400 volts P. .r . ~ositiv~ supnly. Its 

cathooe is bia~ed pos itively by bein~ returned to a point 

on the blee1er. c13 and c14 are the position controls 

vhich vary the notentinl on the X and Y plates . 

c9 control the receiver outnut and the uip lenpth respectively. 

{i) Power Sunnlies . 

Chassis 1 contairas four rr.'!'. supnlies, ,.,ith v1 , 
01.) 

V2' V3 and V4Ar Qt. ifiers. v1 rectifie rs the voltage from 

T4 , su-ppl:yinP' an H.l'. voltas:te of- 400 volts to Chassis 3 

and 4. r3 sun-plies the 5 volts filaMent potential to v1• 

v2 and v3 arC' retif'icrs for two H.T . oositive sunplies 

of 4')0 volts at 200 ma. Th~ rectifyin~ voltape comes from 

T5 and T~ 
/ 

respOJctively. The filaments are supplied from 

T6 Rnd T resnectively. 
7 

v3 supnlies Chassis 4 . 

V 
2 

sup..,lies Chas ~:i s 2 and 3 and 

v4 is a mnrcury vapour rectifier, 

which urovides a D.S. nntenttal of 2,0j 0 volts from T10, 

at 50 "ia . This su~plios the ~inal trans~itter a~plifier 

on Chas ~ds 5. The filament sunplies to the various 

chassis nr n as follows:-

T1 ~uoplies 6 . ; volts at 12 amps to Chassis 4 . 

T2 sunplies G.; volts at 2 arnoa to Chaosis 2, and 2. 5 volts 



- 44 -

at 2 amps to ChB.~r is 3; "this runs the filament of the 

~onitori~P oscillo~~aoh, the ori~innl 5 volts bein~ ~ronned 

throu~h the 1 . 25 ohm resistor. 

1'6 sun-plies 6 • ..,. volts at 5 amps, at n.·r. negative potent i al 

to Chassis ":~: • 

T7 supplies 6 . ~ volts at '5 a':!l.ps to Chassis ':') . 

T9 sunplie~ 2.~ v~lts at !) ar.1ns to v4. 

Tll (on ehnasio ?.) sun., lies 6 . 3 volts at 2 8.!;1l)S to the five 

jewel lit"hts. On 0hassis 5, the rectifier v49 , sun~lies 

the H.T. -ryositivo -pot.ential of 4')0 volts at 120 'ftio.. to v
4

<t , 

v45 and v46 , the A.C. potential bein~ sunplied from T13• 

T14 supplies 6 . ~ volts at 5 a~ps to v44 , v45 , and v46 and 

5 volts at 5 amps to v49 • (The 10 volts from T14 is 

drouped throu~h the ? . 5 ohm resistor). 

T15 supplies 10 volts at 10 e~us to v47 and v48• 

1'17 is the recordin~?; oscillo~raph transformer. 

v
51 

sun-plies 400 volts H.T. nositive to the osc:nlo~ranh 

time base tubes and the intensifying electrode. 

v50 nro~uecs 9 . negv.tive sunplv of 100') volts for the main 

c~o. 1''1-terP. are three filn"lnnt aup-olies:-

(E) at ground notential, 

and ~ . ~volts oueratin~ at H.T. nositive to run v56. 

(f) AutomRtic Switching. 

Two el~ctric f~rs~o,.,hone '"lOtors on Chassis 2 and 

4 ar~ geRred down to one revolution in 4~ minutes and 3~ 
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~inutes resry~ctively. ThP. various cams 0n the arms of 

these motors contain tho trip switches . The mains innut 

throu~h the 10 amp . fuse and the main switch s1 is split 

into three leads . The grounded alde of t~e mains is a 

common lead tienot.ed by " . C., anrl the other lead is snli t 

into two - . F. and " . t~ .t . 

!" . 1:-. is the lead nr.ovidins;.; mains voltages to the 

fil~~ent transformers . It is als· the lead which contains 

thP switchin~ syote~ ror the filament trans for1Prs . 

'3imila.rlv, H. r; . T. provides ""ln.ins voltev·e to the ri.T . tra11.s­

~0rm~rs, and is also fed through the P. r. switching system. 

Switche s s1 to s7 are all 1oublP nole sinR"le throw, the 

sec0nd socti0n switc~in~ the various jewel lir;hts . s2 , 

s?, s5 , s6 and s7 are all in ~~rallel with the various 

automatic switches on the ca,s. This provides a Manm~l 

switch, shoul~ the various sections be operated seonr~tely . 

'JormRl ope.,..Fttion is as follows:- Switches s1 , s
4

, s8 and 

s
10 

are always left on . 1nce eac~ h~ur the cl0ck trips 

over the switch w~ich starts motor 1 and Chassis 2. The 

cam switch on the clock is in narallel with s5• After a 

few .econds trip s~ti tch indicA.ted by Hotor 2 (on the !.fotor 

1 shA-ft) starts '~otor 2 a.n Chassis 4 . The l atter is also 

the conrlenser drive motor, and the condenser starts t o 

rotatn . . A few seconds later the trin switch in parallel 

vith s
2

, switch'S on all t'-e fila.!'!lents, and also the H. T. 

and fila~ents of the recordin~ oscillo~ranh. The 
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fila~ents are ~iven 90 seconds to warm un. The H.1' . 

tri~ switch, in pRrallel with s
3

, is arran~ed to vork just 

as the condenser i s t)rou~ht into the zero "OOSi tion, 

correspo~din~ to the lowest tra~s~ittin~ frequency of 

1 . 5 J.fc /sf'c . Just before this the recordin~ film switch , 

in p~rallPl with s7, starts the motor on the recordin~ 

This provides a small ni0ce of blank fi l m aft er 

the previous sween, before the sween starts. 

In the meAnwhile, the s~itc~ denoted by ~otor 1 

(in -un.ra.llel wit""l s5 ) ha.s cone on, the trin switch on the 

cloc'!c is now supP.rfluous a.nd switches off so!'letime later. 

Similnrly, the trip switch denoted by Motor 2 (in p8rallel 

with s6 ) hns also CO"'f! on, and trin switch on Chassis 2 

for Motor 2 is ~lso sunerfluous . This also switches off 

sorneti"'le later. Thus '1otor 1 and 2 are now switched through 

the trip switches on their own shaftts, and will nuto­

m~tically switch the~selvos off when the cam shaft has 

coM~l~ted onr. revolution . 

When the condenser has completed one 180° swee~ , 

the frequency sweep is comnleted, and the recordin~ film, 

the H. T., and the filarn.ents switch themselves off in that 

ordP.r. Th~ two ~otors arc then left to complete their 

revolution and switch thernselve~ff, ready for the start 

of thP. ne~t swee~. 

Should reRdin~ be required at ~ore frequent 

inte~vals than once every hour, all that is required is 
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for s5 to be s~itched on until ~otor 1 trip switch ta~es 

over . It must then be switched off before the end of 

the swee-p. s8 in seril"lS with the switcl) to the recording 

film is nrovined so that the ~nnaratus may be switched on 

at random without recordin~ a sweep on the film. s8 

must merely be switched off, a~d the mot or in the recording 

cam,.ra. will not on~rl:lte durin~ the sween. 

If it is tlesired to onerate the equinment without 

wor~in~ throuP.h the autom~tic switchin~ circuits, the 

filament switch (s2) is first switched on and a 90 secon1 

warm u~ ~orio1 is allowed . The q.T. may now be switched 

!:ln by s 3 anti the sween may be conducted either by dis­

enP:agin~ th!'J f\ellr •1n the condenser tlrive motor and rotating 

the condenser by hand, or Rlternativelv the condenser may 

be run by ,iotor 2 by switching on s 6 on Chassis 4 . Care 

should bf" taken when usin~ this method to see tht.tt the 

condenser is returned to its correct starting ~oeiti~n 

for auto~atic oncration. When run~ing ~otor 2 in this 

way, s6 should be switched off when the switch on its own 

ca'T!l shaft has 11 ta'ken over", this is e.f+9r about hAlf a 

revolution. The ~otor will then switch itself off after 

comnleting the revolution and thus ret>lrn to its starting 

position. 'vhen usinP" ~.fotor 2 in this vay, s8 , the 

oeri~s switch to the recordinR film, mu3t be switched off, 

otherwise the recordin~ ca~e~a will onerate. 
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The "l')hotorranh records \off!re '!!~'de on ~? mrn. film, 
('f..:IJ '") 

nsinn. a home-made Cl11l!.era. 1\ A lens with adjustable t'\:oerture 

focussP.d the ima"e of t he oscillo~ra~h ~crecn on the film, 

which w9s ~riven in a verticRl i irectir:m by a synchronous 

motnr. Since the trace of the oscillo~ranh denotes the 

time delay (or virtual hci~ht) or the ~use from the ionosohere 

u.t each frequenc\r, tl·e film will thus trace ')U t ~ g ranh of 

frequ@ncy a~ainst virtual hei~ht . The calibra tion niDS 

also ~T)1ear on the fil"l t" t 1
• :-fc/sec intervals o.t the lower 

frenue'!lci ros and every J.. ~c/s0c at hiP:hcr frequencies, as 

has alrea~y been noj~t~d out . Pooitivc tyne film was used, 

end as it d~S rather insensitive, the intensity of the trace 

had to be kent rRthe r hiP,h. Tl-lis c~n3ed the whole screen 

to Plow sli~htly . In order to nrevent over 0x~osure of 

the film, thn scre~n was cov~red in l ead ~oil, exceot ~or 

the trace. 

The comnlete ~requency sweep to~~ about 1~ minutes 

and t 1, is was rP.corded on annroxi"lla.tf'ly nine inches of film. 



FIG: 16 RECORDING CAMERA 

FIG: 17 W~A~V~E!=::::d:Fdi~L:::!:T:dE~R~S 

I.!...!:.E..__l : L 0 W P A S S 

IN BOTH TYPtS 1 & 2 THE FIRST CAPAC I TY IS 

THE OUTPUT CAPA CI TY OF THE VA LVE A ND THE 

SECOND CAPACI TY THE INPUTCAPACITY OF THE 

NEXT STAGE . 

T Y P E 3 : H I G H PASS F I L T E R , fc : _1 __ 
4n./CC 
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TATILE 1 VALVES 

v1 - 5Y? ~0 - 6L6 v,9- 6SJ7 

v2 - 5U4 ,~1 - 6C5 v4o - 6J5 

v3 .. 5U4 v 
22 - 6J7 v41 - 6SA7 

V4 - 866 v 
23 - 6C5 v42 - 6AC7 

v5 - 6SA7 ~4 - 6SC7 v43 - 6J5 

v6 - 6C5 ~5 - Gmn V44 - 807 

v7 - 6SJ7 v26 - 6SK7 V45 - 807 

Va - 6SJ7 v 
27 - 6SK7 v46 - 807 

Vg - 6SJ7 v -28 
6SA7 v47 - 813 

v1o - 6H6 v - 6H6 v4s- 813 
29 

v ll- 6J7 v.,o . ... 6AC7 v49 - 5Y~ 

V12 - 6C5 v~1 - 61107 Vso - 2X2 

V13 - 6SN7 v - 6SA7 v51 - 80 
32 

vl4 - 6SN7 v - 6Sl{7 v52 - 6V6 
33 

v15 - 6SN7 v34 - 6AC7 v53 - 6V6 

V16 - 6J5 v 
35 - VR78 v54 - 6SF5 

V17 - 6SL7 V36 - VR1'35 v 
55 - 6SN7 

v1a - 6R~i v37 - 6AC7 V56 - 6H6 

vl9 - 6V6 v38 - 955 
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TABLE 11 c:mTROLS 

Sounder Controls 

(U"lless otherwise stated these appear on the 
front panel of the apparatus). 

Calibration pul se-length 
(Not on outer ~anel) . 
Transmitter pulse nhase 

Transmitter pulse length 

C4 AVC 8etting. ( Not on nnnel) 

c5 Receiver 0utnut 

C6 Calibration ~i? length (coarse) 

c7 ~alibration pip l ength (fine) 

Cg - Frequency change~ 

~onitorin~ Oscillosraph 
Controls . 

~ecording Osci lloRraoh 
Controls 

c9 Cal . oip length 

C10 - Intensity 

ell 'Focus 

Time-ba~e phflse 

X axis ampli fier gain 
(Time base) 
X axis ~osition control 

Y axis amnlifier ~ain c19 Y axis ~osition control 
(Receiv;r outnut) 
Y axis poaitionin~ control c20 - Focus 

c14 X axis positionin~ control C21 - Intensity. 

C15 X AYis a~nli fier ~ain (Tine base) 
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TI\~LE iii Cross-ConPcctions 

A - 6 . ;v fila"'lent sunply, Chassis 1 supplying Chassis 2. 

B - 6.;v filament SU'D""lly, Chasois 1 surrolyi nt:C Chassis 3. 

a - 6 . )V fila.!'lent sunply, (;bass is 1 su-p-.lyinv Chassis 4 . 

D - 6. 3V filament supply, at H.T. nep;l'\tive, Chassis 1 

supplying Chassis 3. 

E- 6. 3V fila'!lent supply, for oscillograph section. 

F - 6. ;v filarnont sunply, 'Zflcorning CRO 

G- 6 . ~V fila~ent sunply, H. T. positive f ) r v56 , oscillo~raoh 
section. 

H - 2. 5V fila.~ent supply, Cha.s1is 1 to ~onit~ring 

Oscillo~raph, Chassis 3. 

J - 2000V H.T. sunply, Chassis 1 sunnlying Chassis 5. 

K - v10 Chassio 2 to v13 Chassis 3 

L - v21 to v16 , Chassis ;. 

M - V to V , Chassis 3. 
22 12 

N - v23 to v
12

, Ch~ssis 3 

P - v19 Chassis 3 to v25 , v26 , v
27

, Chassis 4 {AVC) 

Q - v18 Chassis J to Recording Oscillograph 

R - V
18 

to v
13

, Chassis 3 

s - vl7 to Monitoring Oscillo~ranh, Chassis ; 

T - v14 to ~onitorin~ Oscillogranh, Chassis 3. 

U - v
20 

Chassis 3 to v
40 

Chassis 4. 

V - v29 Chaa ~ie 4 to v
17 

Chassis 3 

W - Acri~l to v30, ~hassis 4 

X - v42 to v28 , Chassis 4 

Y- 6 . 3V filament sunply, Chassis 5 . 

Z - lOV filament supnly, Chaa~is 5 for v47 a~d v
48 
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T~BLB 111 cont . Switches 

"fains 5
6 

Motor 2 

Fila.'Tten ts 5
7 

1ecording Film, Parallel 

H. T. 5
8 

~ecording Film, Series 

Clock 59 Uonitoring Oscillo~raph 

"!o tor 1. 510 - ~eco~din~ Oscillo~ranh . 
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'Reduction and presP.ntation of obsr:rvations '">n control days. 

(1) Photo~rnnhic ~ecords. 

18 shows a tvnica1 ni~ht time record m~de with the 

A.pparl\tus. Only one l~yer is observed, the P2 layer. 

Whilst it is nossible that the E layer may still be pr~sent 

during the ni~ht, its criticnl frequency fell below the 

mininuM of the fr~quency ran~e of the an~aratus and was 

not observed. 

Typical niP;ht-time h'f record 6200 hrs. SAST 
December 5th 1954. 

The lon~ hei1ht calibrntin~ m~r~ A.t the beginning 

of the sweep on the lert han~ ed~e of the record, corresnonds 

to 1.? Me/sec, th~ mifldle of the mar1r be in~ exactly 1. 5 

Me/sec . These hei::;r.t "larks arP at ~'Jc/sec intervals un 

to about 7 Mclsnc and at ~~c/sec intervals after that . It 

will ba noticP.d th~t there is a distinct line across the 

film, as in1ic r,_ted by the arrow, just aft.er the 7 ~tc/sef 

mark . At this point the 7 . 275 He/sec oscillator in the 

transmit tcr sect ion sat,trAt~d the recei vor, and this 

orovicl~d a usnful chec1r for frequency calibration of the 
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heil!,ht tnllrks . Th~ snli ttin~ of the ray into its ordinary 

and extr~ordinary comnonents is very noticeable . The 

com~oncnt ·,.ri th the lower critical frequency at 3 . 75 ~c I sec 

is the ordinary critical frequency, and the extraordinary 

critical is observed at about ?- 114c/sec higher. Due to 

less absorption at niaht time because of the absence of 

lo~er layers, multinle rerlections are easily observed 

occurrinP, n.t heip;hts which are ::1ultinl€D of the virtua-l 

~eight o~ the first order reflacti~n (nc~rost to tho p,round 

pulse) . 

Durin~ tho post sunrise period, the critical 

freouency of the F
2 

layer increases as 1oea that of the 

This E layer critical soon reaches a value above 

the lowes t limit of the npparatus and ia observPd on the 

records at a hei~ht of about 1?0 km. It has been noticed 

that every day the E layer always has two components, the 

E1 and E2 , soon after its appearance at sunrise . 

with a higher critic~l frequency appears first, and eoon 

after the B1 ie observed with a sli~htly lowP.r critical 

frequency . Pi~ . 19 shows tynical early nornin~ record 

taken with the r.
1

, B
2 

and P
2 

layers all ~resent . 

Fi,cr. 19. Tyoicnl early nor~ing h'f record 06~0 hrs . SftST 
Decamber 5th, 19" 4

• 
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The E critical occurs at 2.0 He/sec, whi lst the reflections 
1 

bf'tween 2 . 0 and 2 . 25 ·~c/sP.c are internreted as being due t o 

an E l ayer '"'1 t h a critical fr~quen cy of 2. 25 'Me/sec • 
2 

The r eRUlar occurrenc~ of these reflections from 

day to day indic··tes that they cannot be intP.rproted as 

S-poradic F. . These r~rlectionst 'O~rticularly just after 

sunrise, usually exhibit a definite critical frequency 

which in not obs0rved with Bsp. Usually re~lcctions f rom 

Es~ are still obs~rvcd even while re1lections aro a lso 

received f r om the F region making tho interpretati n of the 

critical of F.sp obscurP. . It is norme.l to consider the maxi-

mum frequency ~t which Bs? echoes are received to be its 

critical frequency. 

SomP sixt~ to ninety minutes after sunrise a 

chanv,e in slone on the records be~ins to anpe r in tre 

region ~ - ~ to 4.0 Mc.~ec. This indic~tes the beginning 

of the formation o~ the P1 • A sli~ht thic~eninR of the 

trace in ~iq . 19 nround ~ . s ~c/soc can just be observed, 

indicatinr the fo~m:>tion of the F
1 

layer. 1 '-· to 2 hoilrs 

~"ter sunrise the F1 l ayer is obs':}rv~d as a sharp cusp 

in the records between the ~ and F criticals u2 2 • Fi~. 20 

shows a tYVic~l day-time record where all four layers are 

formed . 
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Typical day-timq h'f record 0815 hrs . SAST, 
Dece~ber ?th, 1954 . 

The sulittin~ of the rav i~to ita ordinP~y and extra-

or~inar·r cormont'!nts is easily detectable in both the F
1 

and F2 laye-c"s. 

The three records shown above were typical of 

nor>nal conditionn un1isturbed by Sporadic E. The two 

records ~hown bel ow in Figs . 21 and 22 show the effect 

of the occurrence of Sporadic E. 

Fi~. 21 F1 layP.r alno-t ~aaked by Esp. 1600 h~s. SAST 
ryece~bcr 3rJ, 19?4 . 

In Fi~. 21 the F1 layer critical is only just visible 

above the Fs~, whilst i~ Fi~. 22, the P
1 

lay.r critical 

is :not vi~iblP. at all , l"lltho•.tf"h r Ht·,.,·tiatioh ~roouced by 

it on the F2 in~ic~t~s it is still present, the density 

of t~e Gsn beinu ~reatcr than th~t ~r the F
1

• 
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Fi~ . 2?. F1 co~pl~tely mas~ed by ~sn . 1300 hrs. SAST 
Dece~bcr )rd, 1954. 

In both reco~ds it will be noticed that the E2 is not row 

visible, probably _,uc to the fact it h9~ no\-t been covered 

by the ?.sp. It was only on rsre occasions, is at all, 

that E
2 

nnd Esp wP.re b0th ~resent At once. The diffi­

culty usually Jay in 1istinfSuishinP; between the two . An 

exa~ination of the records ta~cn showed thqt any reflection 

I above 4. 0 ~c;sec fr0m B lay~r hei~hts could ~nly be inter-

l)rcted as '=!sry. ~"lj s was ta·cen as a ff£-neral rule in 

scalin~. Bsn is also 0~ten charactorised by intense 

multiple order reflections which ~re rarPly ~cen on E2 

reflPctions . A su~den jumn from thP previous record in 

E2 critical +"reqtlency Wf\S also put down to ~S'P• ·;~here 

nny doubt existed t he reflections were unually attribu~ed 

to Esp. 

(2) DeterMination of time- heiRht electron density 
d.ictribution 

gevnral methocs have been sugeested for the 

~eduction of true hei~hts froM virtual hei':Shts by A!)T>L :·ron 

(19"iO, 19~7) and m ..... ~AY and H0AC (19'.37), but their reS'.ll ts 

lnck c~ses of a~~lication . Th~ metho~ ~ro~osed by 
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the electron 1e~sity height distribution has a narabolic 

form . ~t/hi lst this may be true near the r:1aximum in a 

layer, it is doubt-"ul wheth0r this is so ~t noints well 

below the ~aximum. The more recP.n t trtethods of 'IAA~ l!fiTG 

(1947) and V:t:V.JO (19?2) contain few assu-:1mtions thr-m their 

predecessors . ~else's method is fairly si~ple in its 

a.n"'llication, al thou?.h ra.ther laborious and depends on the 

!ol1owin~ ar~ment . The ma~eto-ionic theory ( APPL~f0N, 

19~2) shows th~t, ne~lcctin" t~e enrth's ~ngn~tic field 

and the effects of collioions, the ind~x of refraction 

for a radio wave incident vertically on an ionospheric 

lny~r may be ~ritten, 

M 
2 = 1 - 4Trtie

2 
I ~ 

T!lp 

t..rhere f = index of' refraction 

~ = opa~ating frequency 
2 'n"' 
N = ~lcctron density 

• ••• 6 

e, m = char~e and mass of the electron 

Under the conditions noted above the group nath P ' is 

~iven by:-

P' fhT 
2 ds 

of 
•••• 7 = 

where the inte~ral is taken alon~ the nath of the ray 

from the bottom of the layer to the 'POint of reflection 

hT' the "true height" . 
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It hes bcon shown (P~,~~rs, 1940; A"'-'I)JG, 1947) 

that eQuRtiah 7 may be transformed to ~ive an expression 

for the height of reflection, h1 , for sone frequency fv' 

in terms of the ~oup he:ight, h' = P/2, and the O'?e:rating 

frequency f . 

hT(rv) • } [ 

0 

•• • • 8 

where h
0 

is the hei~ht from ~ound level to the bottom Jf 

the layer. If the substitution x ~ ~lrv is nade 

equation 8 b~comee : -

This is now the integra] which h~s to be evaluated to 

d tc~ine the true hei~ht . The ~roup height (or virtual 

hci~~t) has b~en measured ~s a function of frequency so 

th~t all the info~ation for the experimental deteroin~tion 

of the true hei~ht is availabl:~ . 

Por the annroxi~~te ionosp~eric conditions defined 

above, the simal will be reflected at a level .~iven by 

f ::.:. 0, t-lhich from. equ'1ti0n 6 ~ivns a value of 1q as follows: -

•••• 10 

Thu~ for each value of hT. t'.e true hei!!ht of reflection 

determined from equation 9, it is nossiblc to comnute from 

equRt ion 10 +he elE-ctron nensi ty a.t that heis:ht . The 

ap~lic~bility of the results in equatio~s 9 and 10 is 

restricted by the as1umptions made , 
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(i) the earth's ~~~~etic field can be ne~lected 

(ii) the effects of collisions can be ncRlected 

(iii) l:tA.y t.heorv c~eonetrical ontics) is valid 

(iv) ~or each electron density there is a unique height . 
/qS"+.> 

In • lAter uapers (~BLSO,Al957) a cor~ection for the earth ' s 

magnetic field has been included in Kelso ' s method . 

How~vr-r, resnltc nres~nted here arc bAsed on the assumpt ion 

thnt the earth ' s m~P,n P.tic field can be neglected . The 

integral in equati0n
1
9 i~ written as:-1 h '(x)dx 

o Jl- x
2 

•••• 11 I = 

Since the PTOll"'P (o-r vi-rtu!'ll) ""leight is defil'led for positive 

values of x only, it can be definc>d for negative vol·1es of 

x so that h'(x) i s an even function, then 

h '(-x) = h' (x) 

~quation 11 now b~co~ea -

I = ~r+l 
J-1 2 

- X 

••• • 12 

•••• 1'3 

'·JritinF, x =cos Q, el"(uation 13 mny be written 

I ~ l. r h'(coe Q)<lll •••• 14 

""elso ohowe-1 th::tt this can be written in the form:-

I Z
n =" h

1 (f) k 
••• • 15 

2n 
k :c 1 

k = 1, ?, :'I ••••• n 

= cos ~' and ~ =(2k - 1). Tr, 
2n 
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~>ubsti tute in equl"tion 9 n.nd 

h (f ) 
T v 

n 

= 1g 
n 

'k=l 

h ' ( f, ) 
X: 

•••• 16 

The proced11re, thll<J involves readinp; the values of h' 

corresnonninr to e~ch valu~ of f~ ~r.d averav,in~ them. 

Since h' (f) is an even function, there 

are only n/2 or !!.:!:!. values to be used in thi.J -procedure, 
2 

acc0rding to whether n is even or odd . This i~ because 

for ~ositive vAlues of ~- there is a corrcs~ondin7 negat i ve .. 
value of the Sll'1te rna~i tude. 

Thus 
n/2 

hT(fv) = 2 i h ' ( fk) • ••• 17 
~ 

k=1 
5 

When n = 10, hT(fv) = .!. 2, h'(fk) 
5 k=1 

k 1 2 ; 4 5 

X!( 0. 98A O.A91 0 .707 0.454 0.156 
--

fy fl f2 f) f'4 f5 

k 1 2 7; 
./ 4 5 6 

xk 0 . 997 0. 972 0.924 0 . 3'5) 0.760 0 . 649 

fv f1 f f f f f 
2 3 4 5 6 

'k 7 A 9 10 

xl(: 0.'522 0.7:83 o.::>?~ 0.07B 

.r f7 f8 f9 flO . v 
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When the r~flections are not retar1ed by any intervening 

ll'lyer (i.e. B region in daytime 'l.nd the P2 nt ni~ht), it 

is only necessarv to ta~e 5 noints on t~e curve. lfhen 

rn:>r~ than one layer is !)resent it is necessa.ry to take 

10 noin+s because of the niscontinui.ties and cusps vhich 

occur when ~ore than one layer is proaont . 

Th~ rnethod cnn be simu1ifiod by choosin~< a set 

of values of f v in advance ano drawin~ uo tables of fk ' s 

for certain fixed values of fv' which arc then always used 

in the scalin ~. In thi!'i wav it is unnecessary to evulu~te 

t'l1e fk 's ea.ch time for any P<"rt iculqr value of fv chosen 

at random but always to use one of the values o¥ fv in 

the table . Naturally the value of f 0 for any l~er 

invariably ~in not coincide with one of the pre-selected 

VE.lues of f • 
v 

As the true hei~ht of the maxinum electron 

density is an im-::>ortant parameter, it was always necessar y 

to evaluate fk's for f 0 i n ench layer. 

For the T)Urnose of neasurcT:~ent the r ecords were 

e~lar~ed ten ti~es in a microfilm reader. On the base 

of this W9S drawn a scale 0f hei~hts to fit t~e hei~ht 

calibr::tti n::; '!\fl.rks on an a w.ragc rPcord . Owing to the 

sli~ht variations in the time base of the recording 

oscillo~rnryh, the a c tual s cale rarely fitted the nrep~red 

scale accurately and R correction was always a~nlicd for 

this b·r readin~ the difference at the nearest 50 ~. mark. 

:..lith this apparatus it wn.s found that the he:in;hts could 
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be rea1 to the nearest 2 km. ~i~. 2:. shovs an enlargement 

of Pig. 20 by annr0xinatcly the same amount . It will be 

seen that the definition is ~ood enou~h to allow such 

accuracy. The froquencins were estimated by insnection 

to the nearest 0.01 •k/sec . The 'Proccd•.P"e was as follows: 

First f 0 for ~ach layer was estimated and a set of values 

of fv were dri'twn 'lP for each layer. Usually 5 values 

were chosen for the F2 layer, 4 for thP F1 and 3 for the 

E layers . In each case this included the value of f 0
• 

For each value of fv thus chosen 9 the virtual heights h ' 

correspon-Hn_p; to each value of fk were then read off the 

record, recorded on an addinP, machine and the average taken. 

This aver~e valuo corresponded to hT (fv ) as in equation 17. 

All data nertaininP to a nBrti~tl~r record was 

recorded and reduced on a sheet of the t vne shown in Fig. 

24. This rofors to thP. record shown in Fi~. 20. Thus 

values of fv,(and hence n, the electron density ) were 

obtained as a function of hT' the true hei ht . A granh 

could then be rylntted of the true heif'"ht electron density 

distribution. Fiff. 25 ahows the liistribution obtain~d 

from Fi~. 20, corresponding to the values in Fi~. 24. 

The distribution so obtained by l{elso ' s method compares 

very favourably with r~cent rocvet measur~ments of the 

electron density un to 220 km. by SBD'D')PT t PIC~ A H and 

.rA el\so•r (19'54). 

\Yh.en t.hP. records were m11rrcd by '!Ssp a sli~htly 



F IG: 23 ENLARGEMENT OF F I G : 20 

F I G : 24 . TYPICAL SCALING SHEET 
/S. 

IO:·OSPHERE RESEJ.?.C!; L:'-BOJ'JtT ORY . DEP:\RT: .. 2~_:!' __ 0? ~~Y~:J&:.§.. 

SCALI;:G OF RZCORDI?_. 

RECORD Ho: • •• 3.Q7, ..... DATE.5/l2/.5A . s.: . S . 'lTE :0 .8 .r::rs 15. 

I~ins . .. 

I fo(Fl) = 4.13 N(Fl) = 2.11 
r--· 

. ··-- --· ~=-J I 
fv n h fv n 

-
6.40 5.08 309 3t-25 1.3 1 125 . 
6.25 4 .84 2 8 2 3.00 1.1 2 123 -- -· 
6.00 4.45 265 2 .75 0. 

5.50 3 .75 248 ---- --
5 .00 3 .10 233 ------ _L __ r-- -----
4.13 2.11 214 I 

~=~ 
I ~:~~1 . : :~ft-}~rE~~:~~.;~~F:, 
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different procedure was adopted,as the hiu,h density of 

F.s~ masked the reflections from the F
1 

~nd sometimes part 

or the whole of the F2• Typical records s~owing the effect 

of Esn have already been shown in Figs. 21 and 22. 

Obviously these records cannot be scaled according to 

Kelso's ~ethod using the valuAs of h' from the Esp, as 

clearly a rending of h' fro~ either the F1 or F2 is the 

correct one . The values of hT oo obtained vould be 

consi,.lerably loss th:-~n the correct value. /l..n '!Stiro.Pte 

wr>s therefore "lade of hT' and it will be s1'1own that tJ:is 

aunroximates f~irlv closely to t he true value . 

Pi~ . 21 is fairly simple and the r nflections froc 

+he F1 which ~rf'\ mael<ed by Esp were estimated by extra­

polatin~ the F1 lR.yor curv~ bacv to W'hat nor""lally vou.ld 

0 be tre f R2 ~.t that time of day. This was estirnnted by 

consulti~rs nrevious records and ta'king an average . Around 

mid-day f
0

E2 was norually about ;. 75 t~c/sec. The 

distributinn so obtained from Fig. 21 is shown in Fig. 
0 

26. It is obvious that only the fv at f F1 can be scaled, 

a.s any other point would fall too ne~.r the extrapolated 

po~tion r.n~ be lGr~eJv a matter of ~lese wor~. Thus 

the F1 is rlra.wn a.s a dotted line to sho\., thRt over that 

~ort ion it has only been esti~ated . 

Fip; . ?.2 has the F1 la~rer comul~tely masked by 

Es~ and only ~~rt of the F2 reflections are visible. 
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In this case the "'Dinimum virtual h~i<'-;ht of the F2 

reflections was asnuned un to an avnrag~ value of f°F1 

for that narticular time of day by consultin~ previous 

reco!"ds etc . This ~?.s nor~ally some value between 4. 0 

and 4 . 5 ~fc/sec . 
0 

From this as:1ul7red value of f F1 the 

virtu'll hei12;ht was usually assumed to be 250 lcm. (an 

av~raRe value of h' for nermal F1 reflections), bac~ to 

an estimnted value of f
0

E
2 

~or th~t tine of day, as ~as 

~o~e ~or Fig. ?.1 pr~viously . In this way it was ooss i ble 

to ~ake ~n esti~~te of the shane of the F2 layer near 

its maximum. 'rho gra:oh obtained from F'i[". 22 using this 

JnPthod is shown in Fig. 27 . The cxtranol ted portion 

of the record is shown by the dotted l ines . 

To sl1o~ how n"la,..ly this eat im·· te an.,roximates 

to the t~;a Kelso 1istribution, it will be as~umod that 

t~e record in Pi~. 20 vhPrC there is no Esp, has been 

mR.skcd by r-..sp ury to 5 . t\ ••c/sec. First an estimate is 

This is 'lone eithE!r by inter-

nolatin~ b~tween the ~r~vious record and the one ~roceeding, 

or by tal. inr, an averfl-r,e val1~e for thnt tine of day, In 

this c~se thoy ~ill be sun~oaed to be 1. 1 1c/sec and ).25 

"'fc/sec resuectively. The minimum virtual height of ;20 

lrni. at ? . 0 Me/sec ~ill be as· ~tned to continue back to 

f 0 P1 (at 4 . 1 l'c/sec) and a virtual height of 250 •m. from 

~ig . 2R sho~s the true 

Kelso distributi0ns as in FiR• 25 together with the 
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approximate one a.s suggested above . It is seen tha.t 

they agree fairly closely near the maximum of the F
2 

lFJyer, whf"re th~ reflt-ctions r:m the record were not mas'l{ed 

by Esn . 

In ~en~ral ~elso's method is strictly only anpli­

cable to those records where there is one layer, and the 

record shows no discontinuities and cusps etc. Gross 

errors occur if a value of fk falls on or near the F1 

pea.'k and obviouoly the value of h' which \iould normally 

be read off (say 700 - sno 'km . ) would r<:ivc a much hi~her 

value of hT for that ..,nrticulor fv than was correct . 

Care was thus ta~en to ensure that any value of fk did 

n ·:;,t occur nenr the "F' 1 -r>ea'k by choosing annronri :~te values 

of fv b~forehand. 

In all about 1200 records were obtained during 

the control p~riod, covering fifteen days before and 

fifteen days after the eclipse,from December 10th., 1954 

to January 9th., 1955, and all these records were completely 

3Caled where possible by Xelso's method . 

(3) Calculation of eclinse circumstances. 

It is a simple matter to calcui~te the circum­

stances of an eclipse from data given in the Nautical 

A1"11ano.c . The ~et od to be used f or a~nulnr ecli~se of 

the sun is described in the '"1\UTTC/1 t. AL"~A'A:IAC (1936). 

Data for the annular solar eclipee of necember 2?th., 1954 

for use by t~is method ia vivcn in the nAUTI~AL ALMA•Ac 
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(1954) . FiR• 29 shows the p~th of the eclipse over 

South Africa and it can be seen that Grahamstown lay 

~ractically at the centre of the belt of annul~rity. 

The ti~os of the v~rious nhases of the ecliuse at hei~hts 

of 101, 200 and 300 kms . are shown below. 

H_eight 1st Contact 2nd Contact 3rd Contact 4-th Contact 

100 l{m. 0616 hrs 08110 0807 09~5 

200 km . 06.~5 0758 0805 0934 

;oo ktn . 0643 0757 0803 0932 

'l'i-,es of contact, s .A. Standard Time = TJ . T. + 2 hrs. 

During annularity 85 . ~~ of the sun ' s disc was 

covered . 

The path of the moon across the sun is simply 

foun1 for each of the three heights and is shown in Fi~. 

;o. The revelant data is shown below, where d is the 

distance frorn the sun's centre to the ~oon's centre in 

terms of the sun's radius, and a i s the moon ' s radius in 

tei'l"ls of the sun's radius . P in the nosition angle 

of centre of the moon meas~red from the North Point of 

the sun in the c'iir ction ll . F. . J . W. (i. e . C'Junter-clocl<vise). 
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Time 100km 200 km 300km 

SAST d a p d a p d a p 
. 

.tact 1 . 924 0.9?4 272. 9° 1.9?4 0. 924 273. 7° 1.924 0 . 924 274 . 4 
0 

0700 1.560 0 . 925 
0 

273. 7° 274. 7° 272.8 1.517 0 . 924 1.510 0.924 

0720 1.050 0 . 925 272 . 7° 1 . 002 0 .925 274 . 1 
0 

0 . 966 275.5° 0.925 

0740 0.554 0.926 0 
0.514 0.925 275.1° 0 272.6 0. 475 0 . 925 278.0 

i pse 0 . 108 0.926 0°0 1 n . 023 0 . 926 139 . 9 0 0.044 0.926 2. 6° 

91 .7° 0 . 410 0 . 926 0 
0 . 449 0. 926 0 0820 o. 375 0 . 927 89. 1 87.() 

91.6° 0.927 
f) 

0.880 89.4° 0840 0.809 0 . 9?.8 o •. t345 90.5 0. 927 

0900 1 . 228 0.929 91.4° 1 . 261 0.928 90.7° 1 . 293 0 . 928 90.0 
0 

0920 1 . 67i0 0.930 91.0° 1.660 0.929 90.6° 1. 692 0.929 90. 1° 

tact 1.931 0.931 90.8° 1.930 0.9'30 90.4° 1.930 0.930 90.0° 

Data for posit ion of moon :'luring the eclipse . 

Calculation of the a r ea of the sun left unobscured at 

1ny stAge during the eclipse may be performed by the following 

nethod . As will be seen later, the unobscured fraction of the 

3ol a r disc, f, is an important pa r ameter in the analysis of the 

!eli os e da t R.. 
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The sun is represented by the circle centre B and 

radius 1. The moon is re~resented by the circle centre A 

and radius a . d = the distance AB as ~efined nrevinusly . 

The obscured a rea is the region enclosed by CGDFC. 

Obscured area = nr~n b.tween Pre CFD and the centre A+ 

~rca between arc CGD Rnd the centre B -

ar~a of quad. ACB~. 

Area of ll ABC = ) s(s-d)(s-a)(s-1) 

where a = -~·(d+a+l) 
Thus the area of quad ~BC~ = ?) s(s-d)(s-a)(s- 1) 

2 
Area subtend~d by arc CFD = Q1a 

2 
Area subtended by arc CGD = Q21 = 02 

2 
Thus obscured area = Q1a + Q2 - 2) s(s-d)(s-a)(s-l) 

•;o\v ~roa of Ll ABC = ~d . CB = ,J s(s-d)(s-a)(s-1) 

so that CE = 2J s(a-d)(s-a)(s-l) 
d 

=arc sin 2j s(s-d)(s-a)(a-l) 
a.. d. 

••• 18 

Similarly 02 = arc sin Q! = arc sin gJSjs-d)(s-a)(s-1) 
1 d 

The unobscured ~rea thus is given by 

.,- - ••• 19 

where o1 a.nd 02 

Hence the unobscured faction of the solar nisc f is given by: ­

f = 1- ~1a2 + Q2 - 2ja(s-a)(s-d)(s-l~ 
If 
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All that is requi.r,.d is for thA value of the term 

tfs(s-d)(s-a)(s-1) t~ be calculated for each time and the 

unobscured ~rea iG easily found. The table ·below gives the 

values of t, the unobscured fraction of t,he sun's disc, at 

twenty minute interv~ls and thes~ are illustrated grR~hicnlly 

in Pi~. 31. 

Tir.:~e height 

SAST 100 "Jan. 200 km. 300 km. 

0701 0. 911 o.B96 0.894 

0720 0.684 0.6~8 0.640 

0740 0. 409 o.;s7 o . 36'3 

0800 0.144 0.142 0.142 

0820 o.;o4 0. )25 o . ~47 

0840 0 . 565 0.574 0.592 

0900 0. 768 0 .785 0 .799 

0920 0. 933 0.944 0.953 

Values of "f" at various heights. 

{4) ~reguency of observations. 

~hil~ the ournose of this investi~ation is the study 

of ionosnh~ric chan~~s durin a solar eClipse, such a study 

cannot be made without reference to control data obtained 

fro~ n0rmal observ~tio~s on dave before and ~~tcr the eclinse. 

The impry~tance of tavin~ control rAadin~s over a lar~e number 

of days has already been stressed. u-any previous analyses 

o r· ecli-psP. readings suffer ft'Ol!l the lack of atlequqte control 

It is normal in ionosnhere worl .. to avera~e f')Ut readinP"s 
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over n month to pro·luce a "'lonthly l!.\ean value of imos-oheric 

-param~ters. If readinrrs are avera~ad over a period p,reater 

than a month it is liV.ely that seasonal vari~tions mi~ht 

affect the mean values so derived . The control readinps 

therefore extended over a period o~ thirty days, from Dece"'lber 

lOth, 19?4 to JRnuary 9th, 1955 inclusive. 

The equinment t,-as desi~r,ned to take automatic re'Eldinr,s 

nt hourly intervals l'lurinu the day a:nd nie:ht . ·~hile tl'Jia 

may have been su~ficient for normal day to dav i~nospharic 

studies, it was nqcessary to ta~e m~re frequent rnadin~s on 

the control days over th~t part of the d~y ~urin~ which the 

eclipse wa9 due to ta'ke l?lRce . ·~ention has already been 

"a~ . or the "cor~uscular ~cliuse" due to occur so~e two hours 

oef~re the "0otical eclinae" . Conscqu0ntly readin~s were 

ta\fen ever'! 15 minutes from 0500 h'">urs to 1000 hO'lrs SA'1T , 

in addi.tion to t}.e norTie.l h~"''..lrly readin-s tl"rouc;l'Jo•1t the rest 

i d t'nu~'~ included b ,,th the "corp_ uscular'' This pnr o -

and ttontical" cclinse!l. 

'1n the eclinse day tl,e equiry"'lent was run continuously 

fr'">m 0500 tn 1000 ho•1rs 3\ST ta1dn,; reft1i.ngs every ?.} ninutes. 

"Prom 1000 to 1200 hn•1rs readin":S were talr;en at 15 Jn.inute 

intorv~lD ann P.verv h~ur for the rr.st of the day. 

In t~is sectio~ conoid~ratinn will o~ly be ~iven to 

the co,.,tr"l dR.t t-. and its nresent~tion for col'!l""">'""~l'ison with 

the eclinse rePdinrs. 
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( 5) ~-!agnetic and sunsnot activity. 

It is '.fell l{nown +.hat increasos in magneti c activtty 

are a.ccompF~niad by ionosoheric disturbances ( B!~'q'{N'Tm, 1939; 

SHAPLEY, 1946). I am ,q:ratcful to ~tr . A. "" · van Wijl<: cf the 

~ag11etic Observ·-\tory , Hel'lD.anus, for supplying; the magnetic 

data for the ryeriod und er observation. 

The neriod occured during the minimum of the sunspot 

cycle and mau.nctic activity was very low. It was gratifying 

to note that Dece~ber 25th, 1954, the ~cli~se day, had a 

l!laP,netic character f i gure of zero . GLJ:DHILL and szwrn-q.EI 

(19 47~ in an analysis of ionospheric re::\~Hngs over Gr ahams town 

fron "fov"mber 1945 ~o '-='ebruary 1946, foun:i. a corr~l ::>. tion 

with mngnf'tjc d~ta fro?~ the Hermanus observatory and rejected 

all days with ~a~n~tic cha racter figure ~raater than 2. 

nurin~ the ~hirty day control p~rio1 there w~re no days with 

a ma~n8tic chnract~r fi~re ~r.ater than 2 and therefore it 

seemed ?lnlike1y th."lt A-ny ma.~etically disturbed r ead in?s would 

be included in the meRn values for the control period. 

(6) Co~trol data 

(i) ~·faximum electron densit i es and their corr esr}ondinP: hf>ights. 

~ean VRlues of th~ maximun e l actron density and their 

h e i S!;hts for each of the four layers for the control -period 

are illustrated in 'FiRS • 32 to 36 inclusive. Pig~ . ?? to ~5 

show thP. mean diurnal vori::;tion of tho Ma.ximu"'l Plectron 

densiti~s, whilst Fig. 36 shows the meRn niurni~l variation 

o~ the hei~hts of the ~aximum el ectron densities. 
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To ~ain so~e i~ea of the sc~ttRr of the individual 

readin~s about the menn v~lue, the urobably deviAtion r can 

be c~ lculatt?d fr.o~ Peter's forl'll11la. :-

r = o.S45 ~ d~ 
~ 

••• • 21 

~here di iD the deviation of the 1 th ron3in~ from the me~n 

a!l!i n ia the total nunb:--r of re,din ,o over 1-1hich tl-Jo -nenn is 

ta"ken. Th.se "''!"Oh"'ble devin.ti0ns 7ive an index of the scatter 

of t~~ individuRl values ab,mt t!1e mean. Th~y are included 

in Fi~s. )2 to ;6. The non.n valu~s ani! l)robable deviations 

shown in thene fiFur~s are tabulRted in Tables 4 to 7 

' 
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fl'ime (hrs Sl ST) N r hM r 

0530 0 . 33 o . o;6 147 9.7 

0545 0.39 0.025 143 7.2 
0600 0.49 0.028 135 6.2 

0615 o'. 55 0 . 034 1:-2 3.8 
0630 0.65 0.032 130 ~.0 

0645 0.75 0.038 128 ~.7 

0700 0. 79 0.~)"38 126 ?, . 7 
0715 0.86 0.036 126 2. 6 
0730 0.93 o. ()'~0 127 2. 7 
0745 0.98 0.030 126 1.9 
0800 1.04 0.045 125 3.? 
10815 1.09 0.039 124 2.7 

10830 1.12 0.029 125 2. 4 
0845 1 . 17 o. 039 124 3. 8 
0900 1.21 0.041 125 3.2 
0915 1 . 24 0.052 124 3. 4 
0930 1 . 27 0 . 04.1 124 3.2 
0945 1. ?0 0.0~7 123 2.7 
1000 1.33 0.052 123 3. 4 
110'1 1. 37 0 . 068 124 3. 3 
1200 1.40 0.069 124 ~.? 
1300 1. 37 0.065 126 "'1. 3 
1400 1 . 29 0.081 124 4 . 0 
1500 1 . 21 0.080 124 3. 1 
1600 1.04 0. 079 124 4. 1 
1700 0.84 0.066 125 ;r .• 9 
1800 

o.6o 0.011 126 "J!.2 

Table 4: ~ean values of N, the maximum electron density, 

( 3 -5) electrons per em x 10 and hM' the height of 

the maximum (k ), for the E
1 

layer. 
rl 
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trime (hrs SAST' N r 
h"' r 

lo515 0 . 38 0 . 065 152 20 
05'30 0.49 o. o6o 160 15 
0545 0 . 61 0 . 084 148 8 . 6 
0600 0.73 0 . 091 142 8 . 6 
0615 0 . 78 1).061 140 5.7 
0630 0.91 0.068 136 6.3 
0645 1.0; 0.116 134 5 . 5 
10700 1.11 0 . 135 130 4 . 1 
0715 1.15 0.117 131 5.3 
0730 1 . 25 0 . 120 129 3 . 7 
0745 1.-;o 0.117 129 ? . 8 
loBO') 1 . ~9 0 . 133 127 4 . 2 
0815 1 . 42 0 . 108 128 3.0 
0830 1 . 47 0 . 124 127 3 . 7 
10845 1.52 0.120 126 4. 4 
0900 1.60 0.144 128 4 . 4 
0915 1.57 0.120 126 4 . 5 
10930 1 . 64 0 . 138 125 3 . 5 
0945 1.60 0 . 097 125 3. 2 
1000 1 . 58 0.078 126 4 . 6 
1100 1.65 0 . 121 126 It 0 4 
120') 1.71 0 . 128 124 4. ; 
130') 1.112 0.086 125 4 . 5 
140"> 1 . 58 o. 0n9 127 4. 8 
1500 1 . 47 0.099 

I 
124 4.9 

1600 1. ~0 0 . 108 126 5 . 3 
170;) 1.08 0.119 127 5.1 
1800 0.71 0 . 0'37 129 6.0 
1900 0.46 0 . 077 111 8 . 6 

•rable 5: ~~ean values of N, the r~~.oximur1 electron density, 

(Polectrons per cm3 x 10-5 ) nr.d hM, the hei~ht of 

the mnxinum (~m) for the E
2 

layer. 
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Time (hrs SA3T) N r hM: r 

0600 1.4'3 0.064 221 9. 3 
0615 1 . 5'3 0 . 093 221 R. 9 

015~0 1.63 0 . 096 218 8 . 6 

0645 1.75 0.112 210 6.8 

0700 1 . 84 0 . 096 205 12.0 

0715 1 . 91 0 . 116 210 10,0 

07~0 1.95 0,096 203 9.9 

0745 2.01 0.079 206 11.0 

0800 2.05 1) . 092 204 11.0 

0815 2.12 O. OR1 208 10. 0 

0830 2 . 15 O. OBO 206 8 • .'3 

0845 2.19 0 . 078 207 6. ; 
0900 2 . 23 0.070 201 9.7 
0915 2.26 0 . 064 207 9.0 
0930 ?.28 0 . 065 201 8 . 7 
0945 2.31 0 . 062 20f'J 10,0 
1000 2 ?:? o. ()66 204 8 "; . .-~..,· . -
1100 2. 41 0 . 070 206 R,O 
1200 2.46 0 , 081 203 12 . 0 
1300 2. 43 0 , 065 203 11.0 
1400 2.33 0 . 064 204 7.2 
1500 2.25 0.049 204 q , ; 
160'J 2.08 0.061 203 8.7 
1700 1.87 0.054 197 7 . 1 
1800 1.,17 0. 138 194 13 

' 

Tehle 6: Mean values ()·:' :, the maximum e l ectron density, 

1 3 -5) ~lectrons n~r ern x 10 * and h
1
, the hei~ht of 

the maximum (km) for the F
1 

layer. 
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lrime (11rs SfiST~ N r ht-4 r 

pooo l.'l8 0.242 331 17 
~100 1. 70 0 . 176 ;28 13 
b200 1 . 56 0.192 315 19 
0300 1.40 0 . 276 "317 14 
p4oo 1 . 22 :').294 ~28 15 
0500 1 . ·47 0.222 315 26 
0515 1.81 0.199 239 18 
p5~o 2.11 0 .211 278 15 
p5.t5 ::>.~8 0.224 269 14 
0600 2 . 60 0. 279 269 15 
0615 2.fl2 0 . 255 271 14 
0630 2.96 0.;?84 267 14 
j0645 ~.11 0.348 278 16 
p700 3.)4 0.388 279 14 
11715 · . • 47 o. '365 2B7 16 
p7;o 1. 66 0 . '1'58 2B6 16 
10745 '3. 85 0.470 288 14 
0800 4.04 0.?17 287 14 
p815 4 . 27 0 . 526 291 14 
ps;o 4 .~2 0. 58? 287 13 
ps45 4.50 0 .603 288 12 
0900 1.?7 0 . 601 292 13 
')915 A.68 0.595 291 13 
09'30 -1.84 () . ·~R7 297 12 
09"-5 4.92 :') . 6 f17 297 12 
1000 ?.16 0.Pl0 298 16 
110() 5.71 1.070 302 11 
jl200 ?.R7 1.117 300 12 
1 300 6 .13 1 . 305 30"" 7 . 9 
1400 6 . 22 1.193 293 9.5 
1500 I) .RO 0.9"'11 2Q.7 7.9 
1600 ? .?0 0. 696 283 9.1 

cont ••• 
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Time (Hrs SAST ) N r h'i r 

1700 

1800 

1900 

2000 

2100 

2200 

2300 

Table 7: 

!1 . 66 0.674 282 10 

4.29 0 . 645 282 13 
'21 . 84 0.570 295 14 

3.50 0.692 310 11 

'?..78 o.,ns 316 11 

2 . 24 0.394 3 :"1 13 

1.99 o. 339 339 14 

l.fea.n va lues of N , U\e maximum e lectron density, 
~ -5) (ele ctrons pe r em· x 10, h1~, the heiP,ht of 

the maximum (km), and r, the probable deviation, 

for the F~ l~yer. 
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The reRular nature of both the E1 and F1 layers is 

easily seen from t.he narrow orobability belt drawn about the 

m~an . These two layers are only nresent durin~ the daytime. 

In both cases the ~aximu~ Alectron density rises to ~ maxi~u~ 

a t noon and fnlls off P-Venly on either sine of it. The 

rei~hts of tlin naxirm"'~ in the E1 lByer re-.,a.ins fairly constant 

all day at. a heiRht of a.bout 125 k::ns, as does the F1 layer 

at a hei?ht of about 205 ~ms. 

The E2 layer show:... more m.nrl<ed varintions o.s can 

be seen from the so~ewhat wider nrobability belt about the 

mean valu~s of tts m~ximur electro~ density . 

variRti~ns can however be attribut~d to the difficulty in 

d'i.stin~lishi~p; b~tween s;>oradic f~ nnd E2• It is inevitable 

thnt Esp readin~shave be~n inclu~ed in the F.2 nP.ans. rhe 

ma.xinuM electron density also rises to a maximu'"t o.t midday, 

and the hei~ht of thio ~~xi~u~ rcmain3 fRirly constant 

throuP"ho•Jt th~ day. As in t11e cnee of the F.:1 l"lyer, the 

E2 is only present durin~ th~ dayti~c . In bot~ ca~es the 

cri tica1 frequency "ell belo•,o~ the lo•.o1est lin\'i t o'~ the appnratus 

dul:'in"' the ni~{ht . The F
2 

layer is th«'! 'ITIOst varied from 

day to dsy of all ro·Jr layers. The \viile fluctuAtions are 

illustrated vivii ly by the wide ~robability around noon. 

However, the "F2 la.yor i ~ re~~· r'\,·ably consistent in the first 

t~n hours a~ter sunset, when it will be noticed that the 

~robability b~lt io fairly narrow . The naxi mum electron 

f!ensi ty ril'l"S tn its Tn!l"<i"'1U'n value ~t about 1400 houro SIIST, 
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probably ilue to the slow recombination in this layer. The 

heiRht of the m~ximum electron density is more varied than 

the other three layers . It reaches a naximum dnrinP,' the 

night, And soon ttfter sunrise rlrops b about 50 lan in a 

T.lt:!riod of t ·"o hours, therP.after risin6 to a fairly constant 

value of about 290 'kms durina; the miciday and aft0rnoon 

period . After sunset the heip;ht begins to ri se again. 

(ii) Electron density - height distribution. 

The COYQplete scaltnn,: of records by Kelso's method 

has provided ourvPs ;f N versus hci~ht ( N(h) curv~s) for 

each time or day. In order to obtain a mean curve for the 

distribut ion at any particular time o~ day, it seems at 

first sight obvious to -plot curves of N versus time ( N(t) 

curves ) at cons•.ant }}eight . \~en this is done it is found 

that the resultin~ distribution or N(h) curve for a 

pn.rticull'\tt tii"le of d'l.y h.~s o. shape \lhj ch is soncwh'1.t different 

frol'!l the ori ;"dnal "N(h) curves . The original N(h) curves 

for each time o~ day deduced by ~elso's method are smooth 

curves. Fi.;; . '37 (a ) shO\iS the resultin!J N(h) curve deduced 

by avera4l'ing the values of H at conntant heip;ht from the 

~elso curves ~or one particular time o~ day . On the 

same granh is nlotted t~e resulting R(h) curve deducP.d by 

a method w~ich will be described below. It seems that 

the res1_1lting N(h) curve f0und by averaging the values of 

N At constant height does not take into account sufficiently 

the distribution of each individual ~elso scalin~. In 
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other words the curve so deduced is an N(h) curve ~erived 

from an N( t) curve and insufficient \vei 'tht has been given to 

the individual ~!(h) distributions. 

The method chonen is as follows, and is illustrated 

in Fif' . :7 (b) and (c). ?or each time of day the mean values 

of N,t' the ma.ximlrtn e lec tro. ffensity and its heicrht h.>f vere 

taken fron Tables f 6 and t 7 for the F1 ~nd F2 l ayers . The 

in~ividual N(h) curves were norn~lised to the maximun value 

of N at that uarticular ti~e and from each record the height, 

h, correanondin- to certain fractions of N~ were rend off the 

in~Uvid1ml J;{elso distributions. For ex~~ple, values of h 

wc~e road ~or NM, 0.95, 0.9, 0.15, 0.75 ~nd 0.65 N, in the 

F 2 layer; ann values of h f'or NM' 0. 95, 0. 9 Pnd o. 75 w,-! were 

re~d off froM the F1 layer. For each uarticulP.r ti~e of 

dav, the ~e~n h cor~es~ondin~ to these particular fractions 

of Nr, vere then deterMined . 
.I 

Table' 8 and 9 5how a p~rticul~r 

comuutation for the F
1 

and F
2 

lay1l't"S ~.t 0800 hours. Figs. 

37 (b) and (c) show the nethod KranhicallJ• In Fi~. 37 (b.) 

t0n of the thirty individual Kelso curves have been (lrnwn for 

0800 hours . In Fig. 37 (~) these have been nornalised to 

fixed fractions of N~ (N/N~), and the evaluations in Tables 

e and q arc effectively the heights from each individual 

N; curve reed off at fixed v~ln('s of _.N!i. The resulting 

diatri'bution is then sh'>vn in Fi'J 37 (a), to.o;ethe't" with the 

4 iatributi0n evalu~ted from the v~lue~ of N at constant 

hei.g"lt. This tync of ne1.1.n N(h) curve was found to a.gree 
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with the in~ividual curves ~uch better than Lhnt found by 

simply avero.eing l'ln n(t) curve at constant height . 

It i s int~rcotin~ to note that quite independently 

oimilnr ~elso distri~1tiono were beine deduced at 

Canbridg~'", the results of which were '!)resented recently by 

~C'f-!l'''~rnpw and !'1~"l'~AS (19'56). In an atteTilt>t to find the 

diotri.bution of electrons in the "neo.n 0 uiet F l &yer" , 

they were forced to conclusions similnr to those prenented 

here, nat·nely that to av"r~e .,...(t) curves at constant h.ci.n:~t , 

not eno1,rrh weir,:ht is accorded to t~e incUvidual ~(h ) di stri-

but ions . It is nleasin~ to ~ote that t~eir metho~ of 

nvcra~tn~ is practically inentical to that carried out here, 

q ite i ndependently . 

To gain a com~osite picture of the mean ionos~heric 

con0itions for the control p"riod, it is convenient to drnw 

two mans . There nrP three p~raneters to be nlotted to 

re"l)reoent a co~posite pict,.lre of ionosphere, the time of 

day, the clectrt')n del'lsi tY nnd its 'height . 'rhese can be 

·1rawn on t'olo ,.,PnD. T!1e first, n. ..,l,>t ()f height versus ti'llo 

of' day for con8t8~1t vn.1u .. s of el~ctrnn density, is an 

11P.lcctro .... nensi t~r T'l.a.p" as temed by fJLEDtHLL and szr:·'"'1REI 

(1950). The second, a. ~ra.nh of electron density versus 

til"'e o"' d'V f or constfl.nt VB.luos of hei~ht, is here called 

a" constant height map'' . Th "S" are sho•,.rn in Figs '38 and )9 

respectively. In Fig ?8, the dotted line at the top of t~e 

fi~ure re-presents the hei~;ht of the maximum electron density, 
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~nd the contours h ,p not been extended aDovc this since 

the di: ;tri bution ahovr: the maximum cannot be "f0und with 

the technique used in this work . 

~hitt conclu~os the expcr~ental p~rt of thi~ work. 

Pollowin: the des ien and con .truction ot: the autom:-·tio 

iononpherr ~~unding appnratus , photographic records of Q 

'':)Od s t'U1dnrd .., nd fnirly hi ~h rcnolu tion hnvc bean o btainod 

over a ttdrty dny contr0l period . A pro~ramme o~ complete 

scalin; hq tt beon cnrried out usin•; the 1ethoc.l due to Kell'lo. 

Thin control da tr hu~ bnen prenentcd fir.ally in two ~or~c, 

nn electron dennity map nnd a conGtnnt height map . In 

the next 'action t, he~ e will be co:npc.red with the re:1din~~ 

ts··en durinr; the eclipse. 

Tho construction of the ionoso ndc , the scaling 

andpresentation of the record9 as has beon outlined in 

Part I h~re, woro cqrricd out in collaboration with the 

c'! irector of thia work, Dr. tif . P.. Szcndrci. I 0.1:.!' mo~t 

grateful for his invaluable help s.nd advice . 

It is al~o noted thct the rccordin~ c~crcra used 

in this work wqs th:'l t ur. ed by C·L.:DHILL and SZ'2N'DR.l:I (194 7a) . 



- 84 -

:r1 l ayer E2 El 

r:>ate hN'~ h 
0.95N h0.9N h0. 75N h !o! h M 

- - -rec 10 - - -
11 - - - - - !~0 

12 194 1R3 17.-t 152 1 ~4 130 

1 3 ·199 1°0 167 144 125 123 

l-4 
210 189 179 156 140 130 

15 193 181 174 150 127 124 

16 216 1136 175 155 140 125 

17 216 185 174 158 123 -
18 228 l 89 172 147 123 123 

19 212 191 183 164 129 126 

20 192 165 156 -- -
21 222 185 181 177 129 128 

22 231 192 176 155 131 128 

23 203 184 170 14'1 1 30 130 

24 211 188 179 162 129 127 

26 - - - 1 35 129 -
27 - - - - 130 -
2A 190 155 lA':) - 121 120 

29 180 166 157 - 127 127 

0:,0 ?00 173 158 139 125 125 

31 212 160 152 - 125 122 

-
cont ••• 



Date 

Jan 1 

2 

3 

,_ 

5 

6 

7 

8 

9 

'tean h 

•·ean n 

Table 8: 
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F1 1'lyer t2 E1 

hN't.t h0. 9'5N h0.9N h 0 . 75!f hM h~ 

186 173 166 - 130 -
- - - - - 128 

187 159 153 - 1?5 122 

196 170 160 150 134 131 

198 177 165 140 119 119 

199 172 163 151 125 122 

188 177 17·1 169 128 125 

185 167 161 146 106 102 
237 201 1R9 173 122 121 
20) 177 168 154 127 125 
2.05 1.94 1.84 1.53 1. 39 1.04 

Ca1cu1~tion of ~enn rlistribution for P
1 

layer 
0800 hours SAST 
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nat~ hn, h0.95N h0 . 9~ h0.:15'R h0. 75N h0. 65N 

~~C 10 - - - - - -
11 212 253 240 233 228 225 

12 276 2-1.4 2~5 227 217 ?10 

13 275 255 247 2~9 227 219 

14 280 258 245 2":53 ?.17 -
15 250 235 222 213 198 -
16 301 268 251 242 231 225 

17 ;oq 234 272 263 251 242 

18 284 259 249 2.4~ 235 232 

19 310 287 274 263 247 2~5 

'302 271 254 241 224 212 ~() 

I 
3?.6 276 I 21 302 29~ 286 270 

I 
I 292 276 267 260 249 240 I 22 I 
! ~85 25":5 ?45 ?~9 2'll 225 
I 23 
I 3~0 2' 5 270 261 246 2.AO I 2-1. 

26 271 23"3 21A ?13 203 
194 

263 253 [ 
'?7 I 

247 241 231 
224 

303 280 262 247 
22B 

215 2fi 

29 294 271 251 248 234 223 

' 30 284 25? 237 229 217 211 

274 255 248 243 230 
31 -

-
cont ••• 



Dnte 

Jf.\n 1 

2 

3 

4 

5 

6 

7 

8 

9 

Mean h 

11ea.n n 

Table 9: 
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hN!1 h0.95N h0.9N h0.85N h0.75N h0.65N 

274 250 237 228 212 198 

- - - - - -
257 247 240 232 217 206 

280 I 200 246 235 220 213 

274 250 237 227 210 -
310 283 267 254 237 225 

268 246 237 230 217 206 

276 256 243 233 218 206 

'306 286 27'3 263 248 -
286 ?64 250 ?41 229 221 

.t.0'3 --: .83 75 . 6'3 3.4 3 ).03 2.72 

Ca1cu1ntion of r.te n distr:ibuti·m for F
2 

layer 
0800 hours SAST 

I 
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pt~T II 

Th9 Eclipne '4~Asurements. 

(u ) The m!Zimum elec~ron de~sity ~nd its hci~ht . 

Introduction 

Durin~ a solar ecli~s~ ns the ~oon cov~ra the mtn, 

t he aotlrce of it)nisin~ r'l.diRtion is -ra.dnally rel'tovcd end thon 

slowly reappears . 'I'h~ res·1lti.nt• ef.,..ect on the 1on0$'!1ht'!re is 

to cnuse the elttctron density to decrease fr.,l':l its nol""'lftl 

value to n so~e~hnt low~r VRlu An1 fi~ally to r~cov~r ~ain 

after thr: eclinse,to its uoual diurnal vn.riation. 

ncli ..,~ s CM th~refor nrovi -'~e usef1ll infoMatlon on the 

C">T1trollin~ ef'-r •ct o~ the sun's rl\dil'lt on o~ the ioniocd layers 

~md tho el~ctron-los nroc('&o~s whicf. ta1re plrtce. Ionosnh.eric 

""1fU!'lllr el"!cnts rltJrinv aolRr eel ir>~H~S WE're ~waf1e as early as 19?5. 

nurin ... the ~cli.pso of 29 .June 1927, Ap"Pleton noticed tlu1t 

the min:i.r.H!"l vah4e of' th~ electron detlSi ty -,e~"k occurred about 

'four ""linutes n.ft~~r t'l-Je l)ntical cen.tr,. ?f t;')tnli ty. At that 

ti"'le it ._.ns nncertnin wh~thcr ul•ra-viol~t radi!tion or 

cornuscular radi~tion ~no tr.e chief cause of ionisction. 

Annl~t"n noticPd tho C')incidenc~ b~tween tho ti"le 4 "''!inuteD 

(240 seconds) and the ti"!'!le it would take for narti c lea 

travellin~ at a s~eed of 1 9 01? mil~a ~er second to traverse 

t~e dist~nce fro~ the moon to th~ e~rth (?.40,000 ~iles) . 

c··t\'P A· (19?2) therefore considC"red tho '?OSsibili ty of t his 

ncormtscular ecli."!>se" and oedu~ed that such an -eclinse would 

occur about two hours before the onticnl eclinse. Since 
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the chan~~s in ionisatiryn in the E layer during the 1927 

eclipse occurro4l~rin~ the optical eclins , it was cl~ar 

ovidencf'! for the 1.11trn.-viol .. t origir. of the ,~ layer. 

Further , easure~ents durinP, the eclipses in 1935, 19;6 nd 

1937 pMved c"ncl,lsivcly thnt th~se t'A'O l ... y rs ow~d their 

orig in •o solar ultrB-vi~let radi,tion. HOII'!Ver the 

'lG:Jre!"ents fl"()rt the F2 ln.yer ver~ inconclusive. In fact 

it i s oi'ten '! ifficul t to (lee ide wh<'th r an ecli,"le has any 

During the i iJle p rt of 

the d r, l~r e a~d irre~tlar fluctuation~ occur, as is seen 

in r1-. ~~, wh re durin1 tle ry~riod 1000 to 1610 hours 

S, .T the nr"}bfl.bility balt a~o~nd the 1?
2 

layer ml:Xi'nur. 

electron · emti tY i J"" ·rry wid • If An ecli">Se ocCtlrS t!uring 

t io !)art of ._,1P l'lnv, even a consid~ro."le dflviati'>"l fr~m t.he 

~enn va lue ~i"''lt lie within the probA.bility b~lt, and it is 

inc'lncl.u3ive evidence for •-h~ oclipoc effect ,as 8'JCh a 

devi~tion could ju t a ~ell be ~ttributed t~ a n0r~~1 day to 

da.v fluctuptioYJ. • ~ony observers (''I .J'f, 0 TLLT!.A ·D and 

• rw~~ TT, J 9~5; S~HA ·~R and G00DALJ,, 1936) have been forcE!d 

to ai it th t wh3~ ap~oared to have been an Pcli~·c ~ffect 

"'li -~t just {lS \lell htwe bean an tl'IT ry day fluctuation. It 

tho iono:l.,here, narticularly ~he F2 1 yer. ~r~·w et al 

{19'36), ~¥ TS:'TT'! (1 ~ 17) and other wor~<~rs were thus unable 

to dociritt v!1ot!; r t: a ob ~,..ved e<-~ects in the P 
2 

l$\y-.r were 

t!u ti> the t-cli.p 

which ac·::o""lnB"'ied the ecUn:;e of 19 June, 1935. 
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The eclinae of 25 Decemb r 1954· wa; th~refort! 

ndvanta~eoua fr~• t~o points of view. f irstly the ocli~ e 

occurred urintc the early ort1in froo uu-pr'>Xi::l~ttaly Ofi45 to 

09~0 Sl:..ST, d~Jring the per~ 'l"l i"l whic~ the f ? lny_.,r is l'llOSt 

In fr.ct the "onr.,ll"CUll"r ecli nse '1 which occurs 

so~e two h..,,:trs before the uo11tic'l.l ec1 in.'3e", lies in thl' t 

pert of the F2 l ay r curve (Fip.. 3? . ) wterc the '>robability 

belt in it~ n~rrowest . Th~ ecli"lsc therefore, ~ao idc~l 

to teat the twn byryotheses cone rnins the origin of the F
2 

layer. s.-.condly, as ha .. l'llr~ady been ntion~d in Part I, 

m~ctic ~ctivitv was v~ry l~w , ~~ in ract the magn~t ic 

c~ .rnctcr fi ·1,11re {"f)r the .,cl i.n·'le !lay wo.s ,.-,ro. It is 

unlikely therefor'! that a~ ~tic t..Ctivitv W~1lld have any 

cffr.ct o~ the ~2 l ayer . 

In ri~s. '0 to A3, tr.~ ~BXinum electron ~e~oit i es 

as f)~Jerved .:I'Jrin· the eclin•e 'ln;;e 'lf' n 1lot ted toll"eth·r 

wi th the ~ean valu .. B : or the diur'lal variation and the 

prohal>ilit.v belts -ror all the four layers. 

coincir!in.'• vith t1-e ont.icnl ec1i;1ne, the T'tini"lU""\ value of 

:>.52 x 105 "!l e ctr"lYIS ncr en~ $l.t 0300 hour-~ b ing :>nly 50~ 

or t;h!.lt ~bn<'!rvcd O"l contr':ll :ia·!s and lying well outside the 

probabilH;r b ... lt. 

on t~e ~1 lay~r , coincidin~ ~ith th_ ti~e o~ the nntical 

eclinae. 
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~vide~c~ for an eclipse effect. Hovev~r, due to the diffi-

cul ty- or distin~uis"ting b~tve n :s
2 

and SpOM{liC E, t:'1e 

:ooints whiC~j 'b·ve b ~n -,lotted -:lr"lbably includ6 13o1re vn.lues of 

Esp. Ho<Jever, if "n~ follows the lo•.r("st !"Oints on the 

curve, th re ill a clf.!lr ecli-r>"' e Affect, thE> r ini"!U!l va.lue 

of 0 . 98 x 105 electrons ~~r cm3 at 08;0 bein~ about 66~ of thet 

obr>E>rved O'l contr0l dnys, n,~ l :vinP.' well outsid~ the 1'roba-

bility b'Jlt a.nJ coincidinl"' with the ooti.cnl ecliD:le. 

The advent of B-poradic g iurin~ the eclin~e almont 

col:'ll)lct~ly ro~'3, .. ~d th-~ 'T' 
1 

l a:'er !1 'rrin"" t: e '11!1"1'>1 0725 to 

OR'>/ :3t\">T ('Fig . 12); thP. cri t,icttl fr r1uency ~4M not ob:,erv(;ld 

d~rin- this p rio~ . How v r, from thP r~t~rdntion nrodqced 

by the F1 lnyP.r on the r 2 refl~ct:tons "lurin<r tl•is n e riocl it 

\iao ;->OS.:Jibl to extranolnt4!k th& h 'f curve ba~~~ o.nd (\EJtil!late 

th ... t t~e '1'1 in1 um va.l::oe of the ehctron ·lenni +.y t the ?
1 
7 

lA~tr~ns ry~r c~J 

1'1-le F 
1 

lo.yer curves 

foT' t~H~ ecl ip.'le i.l'l.v rave b~£'n extrA."'>?lntefl do•..m to this VP.lue 

curv~e show th~t th~~e \i~S ~ conr1r~raD1 · effPCt on the F1 , 

the electro~ de~sity fallin~ t? _n estimat ed 451 of that 

The fall 1'1 

t1:e ~1J'ctr'1n d~nsity once nro:r>in coincioinp ,.,ith the ~ntical 

ecli psc. ... 

l nyer. elN:tr-·n d~"'Si t:r in the F 2 
It will be se~n t hat the 
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curve ~0~ the ecli~se day• ju3t begins to fall outsine the 

nrobability belt ourin~ the annular nhase anrl r~ains outside 

th in bolt until abo,~t 094'5. The result 't'l y be int e rpl.'"eted 

as a"l ecli pne effect, since ti-t.- curves deviR.te fro the 50;' 

nrobability belt. ln ~act t~e ~axi~u~ deviation f~nm ~he 

r.JeT"n control v liJf"S ocmtrn al"'toat one and a ha.lf hours after 

the nnnul r ~h·1sc an ·1 the "')roba.bility of t h i s deviation f rom 

the r.ontrol curv~ occurrin~ on any dey i ;2;(. The Vflriation 

of th~ heit;ht of the oax:i!':l.unt lectron densi tins ::hrrin~ the 

ocli '!}.Jf' is shown in r'ig. :14, on +.he sn~e f'i ~·ure arQ inclu~led 

th~ m~sn c~~trol rea~in :s nnd their ~robabl~ rlevintio~s for 

all th" four lnyN·a. There is no siu,ni r1cant effect on the 

E1 , .,:::2 an.d F2 lavers . ffowf!V·"r, if: SC"!mC liU:~ly t hat there 

is no~e ~vidence for a drnp in the heitht of the F1 layer 

~aximum durin~?" th~ eclit>s~ . The ~clipse vnl11 s start to 

devi~tP from the ~robobility b~lt before the ~dvent of 

Sporadic F Jurin- the ntd~ le of the ecli~~e, and is 3till 

j~nt outsine on the reenne~rancc of t~e P1 critical freouency 

n~tcr the t1nxi U' ph!-ide. 

Th~ corpuscul ar ecliose. 

cuAp·~- (19~2) h~s considered the efroct of the 

occultation of' a str~ar- o~ cor-pll!\"Cl f'S by the "loon d•1rin:J" a 

sol r eel i n:)#l follO'tl(in-: the SllP,"'":'estion of .1\:onlP.t.,n ...,lready 

r>ent1oned . Th~ eo.rth and moon travel r"'~un -1 the BUY\ in a 

~li1'~l1tlv ellintical orbit with a sneed of 29.RO 1rn n -r sec . 

t~e mol')n on the o t h ' r >-an~~, tra.v la in a sli~htly noro 
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elliptic 1 orbit ·round tho " rth a t. ll menn ep~cd of 1 . 0? 

km por . c. ~he r e::ml t i. th t even \then the t~oon in on 

thn rnmwgrd ~ide ot Lhc cz.rt t , and relr~t.i Vf! to ;.he eo.rth i s 

movi ng bac~wa~ds , (opposi te to the e~rth-moon system's 

crbi t"Il motion) the moon' n 'iOt ion ia sti 11 forward . Now 

if the moon i~ movin·~ bnckwardn to~ a::-ds position ltt n ow 

li!Oon whon 1 t tlill CO.U!' c a ·wlr r (!Clipct'! , an Hhovn ir. Pi g . 

45, tho -noon will ht-v!J n .Jc&n !t)!'w&rd speed o:f -: ts . 78 km/ noc . 

0 SUN 

MOON 

1.02 km/s 0 > 
28.78 km/s 

29, 80 km/s 
> 

FORWARD DIRECTION 
)> 

i~i, . 42 t -'he sun- tnrth- moon syotem nt. the time of nn oolipae . 

Sine£ rcl~li v~ to the oun, th~ uo~n i a ovin ~ in thn for~"rd 

direction, i t ~ill cnnt n ~h~dnw on t he enrth dev0id of 

corpu ~culon nl"pih~ bqokwards due to the t i e th~ corpuAcl cs 

ts:~.l.{a tc t. ':1 vel f r') the e C?,rth to tho l!:oon . The shndow for 

u l tra- viol (->t • nu visibl e li ""ht will li. practically in a 
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straight line from the sun to the moon to the earth, since 

the sneed of light is so e.a;e. The ncorpuscule.r shadow" 

tdll thus h .g behind the "optical shadow". However, the 

earth is moving forward relative to the sun faster than the 

moon. The result is that for an obsorvr:r on the earth the 

"corpuscular shadow" wi.ll reach him before the "optical shadow" . 

Thin effect is shown in Fi".. 46 , where the point P represents 

an observer on the earth, and as can be seen clearly, the 

corpuscular ecliuse will occur before the optical eclipse. 

SUN SUN 

MOON 

) 

Fip;. 46; Path of Corpuscular and Ontical eclinse shadow. 

For a particle speed of 1,000 miles per sec or 

1600 km per sec, the corpu:<cular shad.Ol.-1 will lag by 

28.78/1600 radians or 1.03° behind the outical s~adow. 

> 



- 95 -

The distance bP-twe~n the ahgdows on the earth's surface 

(distance 384,400 ~o ~rom the ~oon) would thus be 

28.78 x )34 ,400 • 6920 km. As the earth is oving forward 
1600 

at 1.02 lc1 n r S'lC relR.tive to the r.>~n and h~nce its ohadowa, 

6920 = 113 ni.nutes. 
l o02 X 60 

Thus the CO!"'I')U")CUl l\r eclip e will occur about one hour and 

fifty three minutes before the ontical eclipse. 

Cle!!rly, the "cornuoculsr eclinse•• wh"'te ver the 

s-peed of th.- cornusculos,occurs bf"fore tl'le 01'l tical ecli. se. 

t:}xamination of ~ill$· 40 to ,(":) shows th»t in. no cnse was there 

any sir,nific~t dron in e1~ctron density before the o~tical 

eclipse. Thi9 confine th~ nrev1oue restllts of many oclioses 

for the E ~nd F1 l~yers, tha t quite c~ncluoiv~ly the ~~jor 

part of the ionisin~~" r ttd iatinn nuc;t be ultra-violet . 'fhe 

conclusion io th~ sn~• for the F2 layP-r. The f ct that the 

s.ignifimmt d vi tton from the cont.,..""ll cnrvP. occurs after the 

a nignificant ~nrt in the fo~ntion of the F2 layer. If the 

timf! la? betwe~n the C":.'!""''uacular aTtd E!Cli u~H~ shadows WP.S '.mly 

SaY 45 !!linutcs, corresnondin~ to n co~usculflr a-peed of about 

7,50~ ~ n~r sec, it would ~robably be in~ossible to say if 

-part ·;f t~e ionisation w-as due to cornusculn· rAdi~tion since 

the deviation would closely precede that dle to the ultra-

violet. This ~!! Cli-ose was pt-trticuh•rly well s it11ated for the 

observation of a cor-ouscul Ar ~eli -o .. e ?n th~ F 
2 

layer as it 

was nue to occur durin~ the most r gular neriod of the layer 
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ju t after sunrine. ~o nignificant effect was obs~rven, 

ancl it aeCU\S li. #ely thrt if th,.re i o anv corouscula.r eclipse 

it ~ust be v~rv we k ~nd i~ nov~r li~ely to be ob~ rved, ns 

it wrould be dif'f"icult to obtain bett<"tr circ,t utanc""s for its 

Unircrmly ra~iatin~ pol r 1isc. 

"'he diurn 1 v ri~tion of the electron densitv n t 

anY f'ixeo h~i-;ht in the 1onosnh re ~oy generally be ernrr.ooed 

in t et'r's of the s1m-ol innou "h~ric oon tinui ty e(luation 

- oC n 2 (22) (ln = C! at 

whe~ is the te of eloetron nroluction 
?, 

q -ofl'r em· p -r sec, 

t"d ~ i l'; t.l)e r~c->.-~binttt n coe-fficient. 

It i~ aesuned th~t th~ e l ectron loss '1roc es is a 

rec~·""binfltion type o+' .,.Yrocena pr">-oort ional to the squ ·re of 

the el ectr'ln de'1sitv. It is lsua11y assun d that tha hei~ht 

of the aximun oloctron (lensit.; ·loes not vary from its n")l""'l9.l 

val,le c'inrino: ~n ecli-pstt, n1 tl-nt tl!e ne't'!r of electron 

-;>roductirm oCC'lro V'""rY ne r t,., the n.nJtinu!ll in the layar. In 

tl~io C<l'3e it can be se~n fro-::! Fig. 41 th. t exc~nt 'Pilrhal)s for 

th cP.oe ">f th~ F1 lnyP.r. caximu~, the aar:unption th t the 

heig~t o~ the 1 y~r n~ s not diff~r from control days is 

The 11 1rn~l vnriatio~ or the ~ximum 

~lcctron de>tsity is t.h,.n exnrer:1ed as tn e<'plntion (2?) 
n _ _ , ...,2 

d'N • ~ (;A -. :rr 
(23) 

--------
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Durin? the P.clitlae the 90nrce of ionisin? rn<Hil.ti.on is 

removed and thus the rate of electron ~ro~uction is decreased. 

If it is oa ur~ed that the eun ie a uni f•n-ly radiatin~ disc, 

t en th" r-te of ~lectron nrorluct·i~!'l will be nronortLmal to 

the ~ea of the sun ot~ll le~t uncovered by the moon t any 

P~r the eclipse thPrefore ~ ~ur.t be renlaced by fq 

in ttqu~tion (2::'-) •Jll•.r r is the 1 nobacured i"r:A\:!tion of t he 

sun's dil'Hh Dur1no- thP. eclin!'le eq,lntion (?.~) redllr!"'G to; 

(24) 

Value of' f ht1Vft alrt"ady been cnlculflt~d in P~'rt I of 

thin tlteois. 

thus nrovide o.n esti.•,- to of tl-)e v~.l,u! ofo{ . The nunerical 

solution of' the equntion 1a .., rf-:)M~d by ~ 'Process of trinl. 

and ezror. P rP.asonn.hl~ volue of ol. is ch11s~n and fron the 

equ-..tion (~:-), values of 1 can be calculated for vnri0n~ ti es 

of day. Usin thes values of o in eou tion (?4), a 

by follo•.:i1'l~ the vratUent .9.! ~m sta1e tr:> otA."{e throu hout 
dt 

tlJ.~ eclinr.e. The vo.l•te o-r o< w~1ich i.v~a the beot fit to the 

eX11eri'-'~"'ntal "lOints i, t len regarcled ns t.A correct vn.lue . 

T'or the ":
1 

la.y ... r, three values of d. have been 

-9 -9 -~ ? -1 
c~osen, ~ x 10 , 8 x 10 , ann 2 x 10 c~ sec , and the 

r~su.l tin~"' tJ.eo!"eti.cR1 c11rv .... a are s:~ .. 'W • in Pi-;. 47. The 

generAl ahaoe o(' thjl'> CUNf!S n-rees fairly well ._..;, th the 
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cxn,..ri ~ntal curvest b·tt TlO ":>er .,. ct f it c . :n be "btaine<l . In 

a 1 cases t he nini,a occur too late, and if R value of~ were 

occur at the s me time, the t!~eoretical 

curv woulti f 11 ·Jell uelo., the enerim~ntal at th<> t stage. 

There are tvo possible cri te1~ifi\ on thio siMple 

an lysis f'or deteminin- the value or -<: . If the '"lini'Mum is 

_/ 10-Bc ~ -l taken aa the criterion, th n~E = 0.7 x soc • How-ever, 

if th ~ ti.,e at <Which th~ "llinin:n.uu occuro io . thtt eri terion, then 

,.(E ~ 2 X 10-Bc,,3s,.c-l. 

't'htt f~p.t;,zre of the curv..,.s is the fnct thP..t it, ia not 

noas1ble to rec':l1Ci.lf?'. tl-le r:tinimum value of i, N\"!1, iurint: the 

eel i pae .,rd the ti~ laa ~ t bet\ie •n the ~xinu'"l ':>hP-se nd the 

In fact thin 

"T - ~ t n.,.,o.,aly i a. feo.ture of A.l""loat nll eel i "'"'Pa. In s 

addition ~here i nvarinbly se~ms to b') a. ra:pic'l 4 rt>n in 

first contact. This haa henn noti~~d o~ oev r.al occRnions 

Pin. 4? shows the E2 l ayer curv~a, nnd ta~ing the 

inimu VPlue as th(? criterion th<'n .( :: l0-9co~sec-1 • 

The F1 layP.r (Fi~. -19) shovs t'l"l1tures V<:;.ry si:-t lar 

to the r.: 1 la..Y~r, the oi ni,.,a occur too ll'te and if the time of 

the mini~n nrn to aRreet the t~~oretical curve lieA well b~low 

the exnerimental. Once n~oin if the "ini~u~ N is taken as 
Ttl 

-9 '%, -1 the crit('rion, cx~1 = 5 x 10 crn·sec , and i~ the tine of 

1 d p{ ~ 1 10-9 ; -l I f' ature occurrence of 0 uso ' f1 / x c~ sec • 
n 

fJi'"'il tr t.o the ,... \l~yer eurve is the rHni:1 dl"n ') in N ,,_t the 
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..,.,ip;. 50 shows thr .P t' .eorot icf',l curv o for the 'P 
2 

layer. The ft"-~t,lre o+" tl'lo tht-orattcl'll curv~a in t"i3 c•lse iA 

th t the :'11nima a ll occur t:>o earl y , and it do a not seen 

ouch th t its time of mini um Y11 1 agroe vith the time of 

the oba~rved ... 'flo.,.,ver, th~ ini a a~re(-! .for m• 

o( = -1~ ~ -1 5 x 10 · ·s~e • necautle of the obviotH1 11ff'iculty 

i n 'dn~ a d""tailed nn.lvo1s "" t~ ... ,.. lo:vl'lr, no furth 

anal yses Rre intendr.d on the r s~1ts rroo this l ayer. 

To ,:J'"' ri e thP. r esults obt:l.in <1, tr.kin the 

~'lnimum vnlue il Sfl t he criterion for deteraining cf, m 

the value~ obtain~d are s~~·Jn in Taole 10. 

LAYER El 
.,.,. 
.2 F1 F2 

r 

o<' (em '3 o~c -l) 7 X 10-9 10-9 5 X 10-) 5 'X 10-11 

Tabl~ 10: Vnl'u o of d for unifonly r '\di "ltion disc. 

Discuss ion. 

PreviOllS vor'"crs have ,tsually used t.hfl cri teori n 

th t the 1ni~u~ value of durin the eclia>ne nrmroxi tf'ly 

Ta>ln 11 c~~wo vnlucs obtained bv so~e 

-:1revi ~·us vortrrra 1sin;r tl-tis cri t ri 'Jl'! . Al9o inclu~~d ~re 

other en tina" P. l! of ol... l)y inde"}nnd~l'l t tteana . 
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Eclipse and 1ererence ~E(c~~sec-1) ~Fl(cm3sec-1 )ot2 (cm3seo-1) 

Oct 1, 1940 Hit{P'S (1942) 1 . 05 x 1o-s -9 8.5 X 10 4 X 10-11 

Oct l, 1940 Gilliland (1942) 7" X 10-8 10-8 10-10 

Oct 1, 1940 Pi~rce (l94R) -8 1 . ? X 10 6 X 10-9 6 X l0-11 

t::eb 4 , 194 '3 '/ella & Shanley - - 10- 9 
(1916 ) 

10 X 10-lO Aug 1, 1943 " tf - - 5 to 

J fln 25,1944 " " - - ?. to 5 X 10-10 

Jan 14 '19·t5 G1e1hil1 ~ Szendrei -10 - - 2. 8 X 10 
(1947) 

X 10-t;l 1.4 X 10-8 10-~ July 9, 194 5 ~~cteioh (1948) 1.6 

,July 9, 19~5 ~ydbec~ (1946) 7 X 10-9 j X 10-9 3 X 10-9 

'"'~Y 20,1947 TJ.nis3e et a1 (19"7) '5 X 1')-g 2 X 10-9 10-10 

uay 20, 19 •. 7 -1avitt (1950 

~· y 9 , 194A Nakata (1950) 

Sel) 1, 19'51 ./e11d (195?) 

::'eb 25, 195? ' inni~ (1955 ) 

June 30,1954 Stor~rep~n (1956) 

Otl-ter r.tethoda. 

Luanr Ti des, Martyn (1955) 

-qi~ht Values ( Gro.ho.mntmm) 

Rockets, Havnns e t a l (1955) 

-
-
-

8 X 

5 . 1 X 

- 2.5 X 10-10 

4 X 10-9 

-
10-9 8 X lo-9 

10-A 1. 7 X 10-FJ 

-
) X 10-10 

-
3 X 10-g 

6 X 10-11 

6 0-10 
1. X 1 

Tabl e 11: Valueo of o( obtai~ed by e c li-nne nnd other .,etho.ls. 

I 
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A <;lt\nC'l at TAble 11 shows thnt the values of ol. 

found by this l'!tetho'l Vf'-r."Y ov~r n wide rs.n~e wha.tevP.r the 

le.yer • In the E lnyor, the v~ lueo vnry fr~~ 5 x 10-9 to 

... J3 ; -1 5 x 10 em sec , by a f~ctor of ten. The medi~n of the 

1 b i about 1 • 10-8cm3anc-1 • I th ~ 1 th va ues e n ~ ~ _ ~~ n ¥ c ~ 1 AYer e 

variation i2 from 2 x 10-9 to 1.7 x l0-8c"'l3sec- 1 , <lgJ\in by 

a factor of ten. The F2 V\rintion is considcra~le and varies 

fro~ 1.6 x 10-ll to 10-9, a fnctor o ~ a hundren . The median 

values in t.ho 1"'dt t·o~o cttsee bPin-: ab()ut 7 x 10-9 and 

; x 10-lO cm3aec - l respccti vely. o< l<' can aloo be estimfl.ted 
2 

fro~ the n1~ht-ti~e decay of • 1\t night q = o, nd equation 

{23) reduces to : 

(25) 

fron ~i1ni~ht until 0400, this nathod 

,nve ~ = 1 . 6 x l0-10cu3oec-l as indicnted in Table 11. 

Cl~nrly, to detl}r·"ine tho Vu hlO or o< by this .,ethod 

c~n only give ~t best the order o~ na~ttude. i'h~re nre 

obvinusly fnctors vhich have to be ta~en into account . A 

~lane~ at the values shows that in every case the ve luc of 

decreaqea fro~ its value in the B re«ion to its vulue in the , 

As the one t'I'OOS hip;her into th ionos"!'hcre there-

~ore, tho vnlue of ~ decreaeos. '•o!lt vertainly in the F 2 

layer, the value ofo( ~ust dencnd on the height at which the 

layer naxi~um occura. A ~lance at Pi~. 36 shows that tho 

hoi~ht o~ the F2 laypr depends considerably on the tine of 
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day. To tak-e into acc")unt the aeasonnl variation and tha 

time o~ dav, it is best to comnare wit~ the solar z~nith 

distanc~ )( , which can be a!~~ly 1etornined for nny ~luce 

from tho e.qaation: 

Cos A = ainl coaO + cosS'ain Q cos f:) 

~here Q • colntitude 

~ m nun's 1cclinut1on 

0 = 2~ ~a1ians where 
86,400 

t ;; r'l iffr-ronc~ in seconds betwC(;'"l local mean 

tino and noon. 

Te'"lo l B therefore, sho·Ja the v:'\luea of o1. for tl1e three 

l nyors co~nnr0d wtth the corresponding valuos of)\ at nid-

the eclipt":c oecun-ftd iurlnF" mornin~ or. Rftornoon. 

'rice -( Time R 
0 

14° 10' 060<') 80 08' 1'300 
0 0 

0700 !i~ 16 t 141'1 25 16' 
0 0 

08'1'1 55 '57' 1500 37 36' 
0 0 

0900 •) 28' 160'} 50 05' 
0 0 

10)'1 ~0 56' 1700 6" '31. 

0 0 

1100 19 01' 1800 74 38' 
0 0 

1200 10 25' 1901 86 16' 

Table 12: Values of)( for,25, D&ce~ber, 1924 
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'f_(a.m.) A( p.m.~ eJ... (em "3~H.H~-1 ' ") (cm3sec-1 ) o(~ (cm3sec-1) E J 

1 42 

87°37' - - 2. ~ X 10-10 

!?6°33' - - o-9 1' 

86°32 ' · - - -;.o x 10-10 

74°1'1 1 1.6 X 10-S 1.4 X 10-S 1')-9 

63°31 t 1.2 X 10-S 6 X 10-9 6 X 10-l1 

60°20' 2.5 X 10-lO 

60°1 s. 1.05 X 10-B '3.5 X 10-9 4 X 10-11 

58°6' 5 X" 10-9 2 X 10-9 10-10 

54°55' 7 X 10-9 5 X 10-9 5 X 10-11 

48°53' - - 5-10 X 10-
10 

41°44' - - 2-5 y 1~-10 

40°59' 2 X" 10-1;! 10-8 10-10 

26° 42 I 8 y 10-9 8 X 10-9 -

Ta··ltt 16: Valuco of pi comp r"'d vith sol a r zenith <lin ~ance=JC • 

TI1is doao not seo~ to indica te any ~eneral trond, 

e.lthou h there is somo in 1 ication thut the va.lu;:;~t of' cL re 

hiRher for the larger v lues of)( . One would expect that 

.Jincc in the eCJrly nornin'! -popt-aunri.'le r>ru•i.od, the F
2 

is 

much lover in height; the value of~ ~ould consequently be 
.. 2 

It i g obvious ~hat no nict•1rc of the F' rc$10n c~n be 

obtained without ~-.ud'rintr the V'1.rinti..,n of el"'ctron denti ty 

~t fixod hei~ht~. 
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Th ra ar o many factors 14hich rni gh t co"tplico.te the 

anRlysio on sirnul~ theory. ~irstly, the sun mey not be a 

uni~ornly radi .. tin{! dioe And hence 1 will not re~reaent the 

unobocured fraction of the eolnr r~~i~tion. ~econdly, the 

rec~mbin~tion coefficie~t may be a co~plex functi1n nnd v~~Y 

durin ~ ~~ ocli~se. Thirdly , thPre cay be temperatHrc vari-

at iona which will a~fcct the valu~ of q durin the eclinsc. 

The nru"'>ooe of thtt nc~t n"'ctions will b to consider all these 

ry()ints in 'letnil i n ord ::-r to acc"unt ~or tho departure!l from 

thG si nl llnifoM diac th~'Jry .. In the next uection e~h 

{b) E Regiont . 

The evaluation of g . 

The bss ic relQtion for the vr~iation of the electron 

denaity at any pnint in the atmo~phc~e is th~t ~iven in 

of' 'Uonochrornatic 1on1sinp, r'"· 'li ti l')n fn.ll tn~ o"l. an i aothorrll 1 

at '03V)hr,!"e ar1'1 be1 nl" !ib~')rberl. ace l')rd i. rur to a "lO.ss-".bsorpt !on 

1~w by one Rtnos~hcric conutituent. ~hap~an obtained the 

vell-~nown r 1 ti~nsh1~ f or q, t~a r to of ~he electron 

Q ( -z ) = ,
0 

oxp 1 - z - e ace X (27) 

where q
0 

= '"lBdnum rate of ele ctr-,n ryro.1uctio11 9 occur-rin.l) at 

hcir;ht h
0

, when X= o, and \-there z = h - h 
H o 

(28) 

H boinft the "scale h~in-ht" of the .lti'Tlosphoric constitue-nt 

which ia bein~ ionised. 
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vh re Y = nolt'Z!ll nn •r. constant 

T = boolutc t m ·ra.turo 

= nRss of tho ~t~os~hcric constituent 

" = acc~ler-tion 1ue to ""rnvity. 

7he "'"fi~"''t v lu" of q, Q"lt i 3 the'!"! viven by 

(29) 

'm = q
0

cos X (30) 

and occ•1rz at r. h\~i ht {ivon by 

(31) 

!f enut'l.tion (23) is to be used for t,ho va.riation of the 

m Jri UrJ ol,.ctr~n density, l, then the :>'S wnption n.de is· that 

the diffnrence in heig~t between z(q ) And s(N) ia snall . 
a 

0n~ 1on~~rs in n ny ctsee whothor this aseucrpt1~n is 

;)U to th~ fini t() v .. 11c- of ~ , the h 1.t:;ht n t 

w~ich qm and ~ occura diff~r. Tht~ bas for example been 

cnllad the nslu:t.riahn ssn of the ionosnhere by A.' 'P"{.J.T'1N (1953). 

I!' tre~e h i""htq Hff"'r, 8U'Qnoso tl-~ir difference (in te~ 

of: z ) is c . 

z ( ) • log
0

oec X - 8. (;2) 

Thus fro equatinn (27) 

q{z(N)J : q
0
exn(l - 1ogeaec X + G. - ea) 

= q
0

cos X exp(--:'-a 2 
-· ••• ) 

• q
0

cos} (1 - ~2) (33) 

nrovidin?, a is 1 sn than unity. 

Thu9 equ~tion (?3) auat or~ correetly be writton 

2 2 { .dlf. = q
0

cos -< (1-\a } - Dl. N '34) 
dt .."-
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For aquPtion (2;) to baa val id aporoxi~~tio~ then~ ~ 1. 
2 

n haa be~n termed the "hei~ht-1~" bet~een the maximum rate 

of" ~lectr?n prodtlcti'>n nd the ':axioum value ::>f n. 

:J.."lfl LYON (1955) have sho1Jn th•1.t a ,t;t"Ood anproximation t, a is 

given by 

In ter-$ of actu 1 hei~ht h. 

h(•r) - h(q ) = a . H 

= tan J\-!i~ .H 
dt 

(36) 

Talrinro control dny V'lluos nt ORon, t}1 C ti .... of nid-ec1i'Ose, 

N = 1.04 x 105 electro11r- nnr cm3 , 'f\ = 54°55 1
, ~ = 0.012 , 

dt 
and a.s.Jumin;r el = 10-8cl!1\ec-1 , and H;: 10 lan (c. ~ . G :~SON 

1951) tho value of a(h) = 0 . 43 kll1,- and a (z) = 0.143. The 

error intro«uced into q fro~ equntion (;2) would thus be 

2 a s 0.001, or one nart in a th~usand. Con2ideri~ that N 
2 nt 
cnn only/best be deterninP.d to one ~nrt in a hundred, this 

is quite ne~li~ible. "ihen consideri-nP" the .E region th~refore, 

it is n'1t n-"ceesa.rv to deterr:tine n e t va ri 'lUS t-;e1P.hts a."H1 

quite leai ti'llll.t?. t., co,sidor th t; N occura nt the srme hei~ht 

a.n q • 
'Jl 

'i'e"''p~r-ature varintion . 

Frotn ~ur-._tion (30), P.qu'ltion (?~) no.y be ·.-1ritten 

dN ~ q cos X - o( Yi
2 

{'57) 
dt 0 
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Sine i!, is S!!:flll co.,nnred vi th Cl( n2 
and q

0 
cos A, beinrt the 

tlt 
difforo~co bP+;weAn two nuch l;;rgcr nd nearly ea•;al quantit ies, 

from equati?n (37), 

* w or cos · Jl (39) 

A ~rapn of lop Ji versus log cos ,A should therefore 

~ive R otrai~ht lino of clo~ ~. 

Fig. 51 shows such a plot~ th~ reault-inJJ slope of 

which is 0.?9 instcnd of 0.5 for "Chapm .n" lu.vor. 

be due to a cr~nRe of te~poraturoo Guch .. chrn~ would 

affect the v luo of Q and of'~ . 

In oqu· ti0"'O (27) an.l (30) q
0 

is iven 

by the -r~lat1on 

qo = (3Io 
Hexp! 

(~9) 

wh -re ~ = nu"'1b~t- of Flectronr:: trrodnced by ab'Jor-ption o~ 

unit qua.nti ty of' r· din.ti'.:m . 

!
0 

= -intensit·r of' the rt•diotion bf'~o-r~ it enters the 

at..,ospherc. 

ihus o is i~ve~sely pronortional to the scale 
0 

hoi~ht, 'nd. fr·;m cqu~tion (29) in thus inv .. ~ely l)ronortional 

su.,nos'in ~h t d is nronortion~l to 

the rt:. '1o·,;nr o~ the te"!"""'r-..turo, c>quntion (37) mo.y be 

(40) 
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which ~cans thnt sine~ dN is small; -dt 

112 aC (f.Y + r cos :;{ (41) 

It is observed hov~ver thnt 

(42) 

where n • ~ for n Cha~an layer but is here found to be 0.59. 

Combini"lf! equPtions (41) :tnd (42) then 
1 - 2n 

'1' = r
0 

( cosy) 1 + r 

-0. 18 

= To (coox_} 1 + r (44) 

wh re T
0 

repr sentn t;,o t~:ro(rra.tl.lrP when the sun is overhMd . 

To e~tisfY the co~on-oGnao ~onoition that the temp­

ern.turt) ri::s.es r1ur1n.,. the !!liddle n rt of the flay, tha"l tho 

indox of cos A in ~un.tion ( -44) .,u,., t ~ :.~ositiv(' , ~nd 

consequently r ( -1. 

The vari~tion o.f ~ with tomperat,Jre has been . 

conciderod by ""'e.ny eJJ t h l)'t'!J and values of r of O. 5, -1, ')nd 

-~ have boen S'JR;,.,.eated by r.~ RS"•'1 (1951), B'. ~f L nnd MlmRA 

(1~50) and q~~!l")H (1948) reemec.tively. The only oosnible 

value of r to vive n rine in temperature to1Jards t'1:1d·1ay is 

thus r • - 3 , which is in fact thE> r r• l tionshi., of J .J. 't'!!-""'?SON 

(192A) between +.he roco~binatio~ coeffici~nt and the 

~bsolute tem-p~rnture nt lov pressures. Thus e~uation (44) 

be cones: 

(.-t?) 
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rea orable valu~ f~r he teane-atur~ in 

the ~ laynr at no:;n (G""'RSO t 1951), th n the temperature at 

0630 a~d 18~ is 264°K, reaso~a~le riae of 35°~ ~uring 

the dav-tino nnrion . Table 14 shovts the tc..Jp-e~ture at 

various tim~s durin~ the day using equation (45). 

Ti ( ' il") COD A T = Tj os,{'t·09 

0630 0.273 264°K 

070') Oo'570 272 

07~0 ').468 278 

OROO 0 . '560 283 

0!530 0.647 2SS 

091J., 0. 726 291 

1000 0.958 295 

1100 0.9o45 29<3 

1200 0. 983 299 

130'1 0.970 ?Q9 

1400 0 .904 297 

1501 0.792 293 

1600 0 . 642 2i7 

1700 0 . 461 277 

1'100 0 . 265 264 

Tnble 14: · Diurnal vari·tion in tegp~rature in E rc81on 

(T = 300°K) 
0 
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atio~ {40) if dN 
dt 

= 0 and r = -'3, the11 

(46) 

Thin equa.t1')'f\ also a.n,li ~s to the ,.,ininun va.lne of ll 

clur1n the eclips~ vhen .1.[ = 0. 
dt 

~ov N~ = 0 . 52 x 105 e1Potrons per cm3 

f = 0.142 

nd cost: = 0. 56 

qo nny be cnlcul~ted fr~~ the control value of N 
oC 2 
w'H!n T ~ 1' 0 nd cos X ~ 1 , " nd N' 

Thus t>rom O'lll tion {46) 

= 0.27 X 10
10 

0 . 142 X 0 . 56 X 2.11 X 1010 

and T = 1 . 27, T : ;.B1°K 
To 

t noon 

which indicates a ri~e of about l00°K ~urin~ the oclinse! 

(48) 

mtnn~int.t the value of r dor s not a :'fect this basic conclusion, 

9ince nrovidin .. the con·Ji ti(\n r ( -1 is fulfilled , ! ) 1. 
To 

Tl"'is surprising conclusi'"ln result-s frn1!'1 ne~lcct or an 

import~nt factor in the the~ry. It is well known thnt a 

to,ne~tur~ ~ dicnt exists in th~ E ro~1on, in fact the 

r----
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""'a.et that such a t cnp• ra.ture adient exists \/ill nloo affect 

out thE! da .... or ourin'-'" the eclinso. 

xpress~d in t.eraa of the s~ale heivht H is 

n = Ho + Yh 
where h is tho hci~~t, 

then '( :s gji 
dh 

l'ld H = H !.i~hon h :.:: o. 
0 

where '{ i s the ''scale he iPht ~adient". 

(49) 

(50 ) 

It is easily 3h~wn ( t00LTT9 1951) that oqu~tion (~0) u9t 

be ~o:U fiod to 

qtl a qo ( coa A )l + Y 
~uati~n (40) thus beco a: 

dW w: q r (coo X }1 
+ Y - d. !1. J..,. 112 

dt ~ l"r T o 

so that if SL ~ 0, 
dt 

+ r 

(51) 

(52) 

(5;) 

Thus, providing 1 + )'~ 2~ , ~eaitive values of r are 

ncc~ntabln in order to ~ive a rise i n temn~raturc towards 

noon. 

Values of y have to b~ eotin ted fro roclr-et 

raking the 

publia~ed fi~ures for the ran~e 110 to 12, ( which mi ght 

a~~ly t o the E layer, th t~pcrature risen by 60°~ from 

270°rt::. to 3'30°X, ivin~ a tC""'P-"!rnture r.r dient of 6°lt per 
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km f or a. ean n:~l~clua.r ~ass of 29 ~to, ic naes unit • 

The scRln height ?radi ent cen be caleul~ted t~rin~ 

Eoltz ~~n's conrtnnt to be 1.38 x lo-16 erg. de~.-l, and g 

-2 to be 9?0 co.sec for 100 kn height . this ~ivec 

'{ :a O. l q, and P!iV t1 the roault fron eqntt.tirm (5~) that 

T = t ani the te~ r ature 19 constant durin- the dny and 
0 

indo"Oendnn t o." the val11e of r. The result ic ~robably a 

Cl)inc11&nC'-'t but '( i s mli"I(Ply to 11 f-r,.r V'lry gr ctly from 

this vn1uo an1 th~E it c .n reas~h&bly b c~ncluded th~t 

~o~~v~r, 4urin~ the eclip~~ t kin~~= o, and 
dt 

(To~l + r = t;t. 'f2 ~ + ) 
- rq cos ¥X T o 

(54) 

Thus uoin" the v~lu~s f0r mid-eclipse as bo~ore and 

ta in Y = 0.1s, 

(55) 

or (56) 

So thnt 1~ T = 300°~ for ex~ple, the te~,crature will 
0 

have tl.rfl"\1)et! by 75° to 225°, asoutnin~ of course that '( 

--------
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h'\'3 rem!\ined conctant durin the eclip~e . Other Vtl.lues 

of r ) -1 vill n.lso in1ic·,te a Jrop in ten-perature . Fig. 

52 .chows tho variation of 1: ·~urin~ th<" eclipse where T 
m - 0 
A. 

0 

will rcnre!T nt the apnroxi11nt l;y co"'l":tant diurnal value. 

The in teres+ in~ foa.ture 1')-r the 1edm,eit te.,perature change 

is tha rmdr.len rise in to .pcrat,Jre fro't!l about ')7~5, vhich 

coincides ·ith the ran11 dr()'!') in at this ota~e. It 

ia int. er~ctin7 to note that this sud e :1 dro..., in N c~incides 

with the coverin~ ~f R a~lttery suns~ot vinible on the 

eclinne day. This sunG~ot was ur.covered about 0815 

corresnonding to the rapid ri~e in ~ nt that ti~e. The 

non-unifo~ distribution or sol~r radiation will not be 

consi1ered in detail ~ov. but if it in svn~sed ~hnt say 

10~ of the radiqtfon i~ .~ittPd fr~m the snot, the resulting 

curve for ! which i s t'llso shovn in ~ig. 52, hns a less 
T 

0 
pronoun~cd ri c i"n tf'"'l nm.turc t t"li ~ sta e an', the v lue 

or~ no~ rro~ to 0.71 durin~ the middle of the eclipse. 
To 

It ~~t be ~ointed ~ut th?t tho renultin~ curves 

only '"7ivP. a 1ualitative llicture of t-he possible tenne-rature 

clmnr-~ einco the theory nsrumes that ~ = 0 or that 
dt 

fq T (cos x )l +'( '-.'-,~ nnd o(.(! ) N2'-'>g]! One cannot 
.Q_g_ I I ~ t T I t d t • 

T o 

really 't>!'OC!'de ~"urther in the cne.lysi~ without an idea 

of th~ V'"1ue ofo( o However the condition d!i_ = 0 io 
dt 

snti ofif)d •htrin~ tt'le ann,lbr nh~.se and '"~ne at lt'last can 



z 
tn 
0 
-4 

0 

-0.6 -05 -0.4 -0.3 
log cosx 

FIG: 51 log N vs log cos:x:_ 

0 

0 
0 0 

-00 

1.1.--------------------------, 

0630 0700 

(a) UNIFORM DISC 
(b) 10°/o FROM SPOT 

0730 0 800 0830 0930 
TIME (S.A.S.T.) 

F IG: 52 ECLIPSE VARIATION OF I EMPERATU RE 



- 114 -

conclu1e that the N - f t anomaly cnn be ~t l~ast ry~rtly 
m 

e~lained by a dron in teoperature to ~of its norMal value 

1urin6 th~ eclip~o. 

BAT~S (1951) in conside~inu the thernal balance in 

the unper at"tOSTihere hns eoncluled th t tha therr:1al relax-

ation ti~e in t~e ~ re~i'n to b~ of tho ordor of a few 

occur at thnt hei~ht . tcriAR (1955) has considered the 

coolin~ of the et·osphcre above 100 km after sunset. 

Using thn te:m,..raturP v lues of the ~ocket Pttnel , he 

concluded th~-t th .ro vas no chango in t~rlpP-r.-. ture below 

160 1<:m two hours A.ftor sunaet . Thin would aeec to 

indicate that it 'ilift.S unli'rely thr t any te>tJp,rAturc change 

in thn ~ l a.y-cr would occur durina an eclipse. 

!3~1'1~A~" (19?6) ha.a analyoed the r"sults of 

l r~ .... I~ (1955) fr'H!l '{hartmlM durina- the eclinse of 25 

February , 1952 on the basis of a to~peraturo changa. In 

a ~ore com~licatcd analvsis, he as u~ed thPt ~ was a 

function o~ te~perature ~nd ryressure. He ass uMed that ~ 

the te~~~rature r,radient was conntant durinr. the ecli?se • 

.\lthou~Sh his annlysis i.s diff~rent 1 · so e <~avs to that 

he found that T ~ecr~nsed to n1.1out 0.6 rlu.rinP: the middle 
To 

of tho cclin"le. 
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It neems li~ely th~t althou~h little vari~tion 

of tem~crnture may bo exnected in the C le~er durin~ the 

dayt irte nnri od, an oc li pne -~ "'>ro<'luce a 1r~., in temperature 

to about ')• 7? of tho nnrnal dr>ily Vt\lue, and urovido n. 

The analysis 

however" ~a.ken S.,S!le sir:mlif:;ing P.ssu"!lntions and it is not 

-ponsible to rleter,.,ino & Villue of cl.. . 

The distribution of solar ionisin~ radi e.tion. 

·root analyo('ls u-p to 1910 of the effPct of solar 

ecli n'les on tht.t ·~ lay r ht vo been made on the assuttr>tion 

thr-t the oun is a uniforaly ro.dirtin? disc, f\·id atte!:l'!,)tS 

wnre !!lade to deduce the reco:1bination coefficient on this 

Ho;ovar, then - bt ano~aly ~akes this method 
m 

inconclus i ve, t-1s~ocia.lly whon on sev ral occasions dt \ofaa 

oboervod to b" zero or ev<m negative .. In addition, it 

rine ()!' fall of' the electron density. 

chanP,es ap~eared to bo ss~ci~ted with the coverin~ or 

uncovori"lft of suna"'iota. a'"!d iMnliod thr-t the distributton 

of t~e ion.isiY~fP rodin.tion \lAS not uni fortn over the sun's 

disc. In fact, it is w~ll-lmovn th~t chromos~heric 

ortrr>tions are ae'1oCi.'ted with radio fad.e-ou._s and it !o to 

be oxpectod consequent.ly th~t local "hot soots" ::ti":ht be 

te•,porary areas of increased emission of ionising radi~tion. 

Tho first atte'l'l'?t to tleduce the dir;tribution of 
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was that of HIGG3 (1942) , who found' thl-'\t the dr.:tta ob .ained 

uurinp; thn ecHt>ne of Octrlb~r 1, 1940 cc·:lj n-:>t be 

exryl~in~d in terms of a unifo~ly r~~iatin~ 1isc. 

Irregulr rHios iTt thP. " Clin.:Je curves for tho F. a nd F1 
lay~rs wo~e ~ound to be nsaociated with four isolated 

~,...~ns of ca1ciun flocculi wt-ich were visibl~ at th t ti'Jle. 

Jly a wo thod of 1eoot aqn r!'a HigGCs camiJ to the C'>nclusion 

th~t !!l t ho rndi~tion nust hnvo co,c from these four areas 

and none fr~, the disc . HowevRr, Hi~s admitted that 

this was ~ot a unique oolution. 

~vn '':"'!K (1946) howev~r, f">und that there \ias n 

corr"'l ati.on b~t:~een sourcoa or ionisin~ rndietion ao deduced 

fro~ E lav~r -o~eur~nontn durin the ecl~~no of July 9, 

1945 l"nd ar~as of hy~roP:en fac1t1ac. HoweVC">r, \1 tn fEr .Jt 

(1947) r e-em inoti RydbecY's data and nointad I')Ut thr.t t the 

F. 11!Y~r dn ta SU~t"'cnted a 11. n1-: bPtweon the sourc~o o'f 

i~nisint radi~tion an~ Rla~ r reas ~ro which th~ coronal 

ltne at 530~ ~ vns stron~ly emitted. A simil~r sug~eotion 

was 'l!lf ie hy OSA Jr. (1950) arter the 194:3 eoli'T)se in Ja,an. 

nurintt the ecli'OJe of 25 -::-ooruar;r, 1952 '-'r r·•rs (19?2, 1955) 

wan a lso ahle to f'1nrt a corrcl1\t1on between nrnas of 

530) R emionion a~d ~ layer ioni3inp rAdi~ tion. ·r.eble 

15 helow shows '1o·1 sot1c '.tor'·r.-re have ha~ t<') "10Stnl-nte 

the CXi!ltenco of 1lri.,.ht regionS On the s,.m dtf.X'in!r some 

ccl'lnsc-:: . Tho two ~or:t surpri s ing res~llto nre t hose of 
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H!GG: (19 42) v'i.l') foun1 th$;l. t all the racli:->tion c~me from 

four nr~as and DELQB~'U (1953) vho found he had to nttribute 

54r. of the radiation to a si~ area. 

r-'cli p9e :t ObJ.>P.X'Ver ., cX:g 
ttf or radi"ltion 

r>bscuraci ( ?j -1) cm· s c !Jisc ~ctiv~ areas 

Oct 1,1940 10') 
Hi~. a (19-t?) 

1.68%10-8 0 31J,3),20,ll 

:.~. t 1,1951 
'Delobe u (1J::;4 ) 

75 -3 o.sxto 55 31, 8 

"Feb '25,195? 45 -8 
46 54 0.7xl0 

1eloboau (195'3) 

Feb ?5 , 1952 10') -e 64 25,11 1.2,;tO. lxlO 
'!innis (1956a) 75 
(T'tio -o1!l.cee) 

June 30,1954 
3. 4xl0-8 L'\nch:'!orlt .\ Laid (1956 ~ 100 71 1~,10, 5 

tTunc :'!0~1954 B9 ~: -c 92 15, ), -6, -4 loOxlO 
~innis 1956b) 71 
(Two "01 CPS ) 

June 20,1955 40. 1.2x10-F3 
'innis (1957) 

62 21, 7' 6, 4 

table 15: Distribution of sol~r cadi tion durin~ several 
eclinsf'S 

I f t. ioniein~ radi tin does not co~o unifornly 

ft".., the stJn ' s elise thel"l eryu· ti ··n (?4) nust be t!Odi fied to 

S! = f'q - " 2 
dt 

(57) 

where f 1 
::: fraction Of GOln.r rf\d ifltion l _,ft Ur)COV.red 

by the l'loon . 
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'ro 1 te-Minn th~ V:.\lttCS of tt t1'U."Otlgho'..lt the 

course of tho oeltvoe,it is neces<"Jary t~ lrnov the v.,lue of 

c;(. oinco fr0m em1r tion (S7) 

dN' + «t~2 
= dt f'' ------- (58) 

and a cnn be c1\lculnted !ro control data 'q·~o~ofing the 

v- lue: ofo(. . Va lnco of n and dN from the cxnori::-tental datt. 
dt 

fo~ the eo1i~se a~e used. ~~nnns (1955, 1956 a, b) haa 

used a ref"ineru:mt of 1.his equation by su,posi!'l ~ th, t 

duri n;;r th~ ce11:rao o r the day 

dN n 2 - = q cos -<- ot N dt 0 J\ 

which is ~odified to 

(59) 

(60) 

ciurin;- an f'}ClirHo, wlv~re. n r e"Pr ·sents the anpropriete 

indox by plotting log 2 versuo loe cos J:_ • Rearra.np;ing 

the t&rns, •innis Qbtainod tha rolRtion 

= ( 2 (61) 

Since 0 and el are ft3smnP.d to bo connta~te, J represents -o 

the re1 tivo int ~sity of the aolsr radintion. The 

!'1cthoc1 ia essentially the some AlthOW!,h f'!innie avoid& 

ovaluatin~ q fro~ the c~ntr~l deta by insertion of. the 

index to cos '{.. • 

Using G"!u~ tion (5~) th-,ref..,re, f' W'<'S '.Vl'lu"!.ted 

fr::>rJ tho t'!Cli-pne vuluPs -of W and ~ f-:>r vnrious values 
dt 
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-B -7 of .<. from 10 to 10 • T.h~oe are shown in Fi~. 53 

to~eth~r with a nlot or r. It is at once onvious froa 

these curv~s that it is ~~ccssnry to ~oatulatc the exist-

cnc~ of a s,..,urce on the ''ost 11 b si"lCEt for any value of 

the C1.trVCS for ! 1 lie bPlO that for f. In addition, 

SOt"l~ sourc" "'U~ t havt" bP."n covnred ab.,ltt 0?15 corr~a~onding 

to the 'lh.Prn dro" in N and f 1 at this tine. The curves 

indicate th'lt v~~tevcr t"ln v l"Je of fJ1( , the valuo of f' 

<inri.n;r the annul r ph::t.se was bout 0.2~ to ').~4, or 1o;t 

mor rr-" i · tion t.~ n th t due to a •.mifoM dine. To 

cx:,...,l in tl' · s it is th , necesMlr'J to oot. tul!\te the exist-

ence ~f t limb Vhic~ vo~ld 0nly 

Fi • ;o in Pnrt I 

sh'3va the n·~ th of the "'Oon acroe.t~ -!;he oun at VPrious 

hei.-hts . 13-J .alioin-s dise of B~~ropri~te sine to r~pr sent 

U'le 0'>'"' .. ravellinll' o.erosa thto ann, l:'CS of circl "a can be 

in f' . ?he nosit.io"'q · h~!' tlte~e rc"'J int~raect for th~ 

irl'"e"'nl~.ri tiee be-forE" 9.rl'3 after the nnul~ ".>hane then 

the ~oon travels ~cross the le of tho su'1 it ir. '10t 

I rrespl"c ti vo 

of th~ V!.l• C 0~ ,(, ''"lVeV 1.' t 1lrP. S0Ure £1 't:Ft.Ve to be 

...,0 t•l1P~.P ~, th ir nooi tionu va....:'i!'~ ali -r;htly ·with diff'­

crent vn.lu<>tl or .I • Fr"J~ Fi.r. ~) it i::; th n "-'osroi '-~lo to 

r 
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deduce by a nrocess of trial and error the intensity 

of eflch of thase sources for each VR1ue or oL • The 

intensiti~~ ~~ deducP.d are shown jn Table 16 . 

3ource -8 l.OxlO - 8 1.5xl0 '1 o o-8 
c.. xl -8 4.0xl0 10-7 

nfsc 65 70 73 73 BO 

lilent limb 12 8 5 4 3 

Ea~t limb 3 6 8 8 9 

S'9ot 20 16 14 10 8 

Table 16: Varintion of intensit 
~ of total radi a tion 

ht areas 

Fig. 54 shows the solar ~ode1 for 

of- = 2.0 x l0-
8 cm3sec- 1 , with all the sources nla.c·~d in 

the north~rn hemisnhere, rrhi le Fi~. '55 shows a plot of f' 

on thi3 ~o1el aKRinst the observed values of f ' for 

-8 3 -1 
e( = 2.0 x 10 c~ sec • It is ad~ittedly not good 

ryrocedure to co~bine a ~ixture of thPory with experiment 

as h?s been done her.<>, and as was ih11e 1'Y t.'I ·'"IS (1955) 

for exa"lnle. Howev~r, the method of deducin~ the sources 

~rom the exnerj-,.,ental noints is eonen.tio.lly a Method of 

"working bnc'k~ards 11 nd it is difficult to see how on& 

can avoid this. 

Althou~h the !nothod of analysis cannot ~ive a 

unique s olution for t:he intensity of th J sourcE.>s and for o( 
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1t does e~o,., t.h t irrespective of the value of ot , tho 

~ositi~n of the sourves i3 rou~hly the same. It is 

intoreating therefore, to co~n ,rc the oources so deduced 

with those from s~ctrohelio~raos and othor visual obs~rv-

tiona. 

Tho author is ~teful to "Jr. 1. . ' . Das f'J%' the 

Astron~ysical Obaorv'1tory, Kodn.iknnal, India, for supt>lYing 

s~etches o~ the sur. 3de from snectrQhelioeco~o and 

~ro~incnc~ spectrosco~~ obs~rvRtions. Data on the 1istri­
~ 

buti~n of ~he coron~l green (5303~) and red (6374R)A~ere ~indly 

cooe avBil1l.'bl by ~fr. c. ~ • in."'l.ia of the ·• n. t •..• ~adio 

Re. • arch ~tation, Sl~u~~ , ~~land fro~ the rcDortu of 

T~'YrT·~-:R and ~OB ~T;; (19?5) on coronal activity uround 25 

~oronal e~issio~ intensities con nly be 

Ho'-~over, a ince the sun 1'"oto.t s onca 

every 28 do.ys, obat~rv'l.tions n.de dn the lent 1 ittb for a. 

p~riod of 14 d~ys follo1o1inr, the eclipse day na· be compnred 

with the observations "" do the 1~ days ~>rior to the ecli!'oe 

d~ on the Ba t linb. Fro~ thi3 it ia possible to vain 

a reasonably qualit tive nieture of tho di~tribution of tho 

coronnl e~ission lines over the disc on tho oclinse ~nv. 

The~c limb i~tenoiti~s or th coronal ~en an~ red lines 

ru-e SlOW"\ 1n ... 1-. 56, W.lic:, is n C~l'ltour "liBCrOO of the 

1ntensi+ies Meaaured at tho east and • eot limbs over a 

period of 14 days. The eontourn ~r~ plotted on linen of 

helio~raohic l n t1tu1e and longtitudo. The helio~aPhic 
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co-~r11n te~ of the centre of the disc and the sun's axis 

~~ rot tion rc ~iven in the auticel Almanac and for 25, 

~~ceahP.r 1954 wore: 

Disc c~ntrc 0 + 1.3 helio~rn~hie latitude 

: 1;0 hcl iGfr.Phic longtitudo. 

Position an lr of ~xis of rotntion of sun was 

?.7° enst of the forth Point . Usinr- t"-is data it is then 

nuite ~ sy to trann~oP the heliorr~nh!c co-ordinat es to 

co-ordin'l.tca ret'"erin~ to the north Point. As ca.~ he aeon 

the ~isc cxten~s rrom 223° on the east linb to 043° holio-

grnnhic lo'>l.t:ttiturle (')n the ·•est limb. 

The a~etehos ~arle by T)r., DM chow only two features 

on the sun on the eclin P. ~ay, 

(a) .\ soli t:nry sunnnot in the liorth-w.-,st quadrant 

or the disc~ SIJrroun lod by a bright ~o(. re~ion. 

{b) A ~o~innncc on ~he ~ortb-enot limb. 

d rived fro::~ _a.ch li.,b nre qt.ti to different . They in1icnte 

thrt hoth limbn :.Jf'ra v nry quiet i ~ coronnl em1aoion with no 

enhancP."'Hmt in 5~0~X. 'R.lldic~t -ton in 6374R was oba,rve·1 on 

both li~bo but was verv faint . T~ ~ntn ~ better picture 

of the cor..,ns. ovrr tho {liac, it is 'ir?bably b~st to uoe 

tho · ent li"''b dnta for the aav~!'l d~··o af"t~r the oc1 i,-,sc for 

the 'estern half of the dioc, nnd the r.a.s t limb data for 

the seven d yo brfore thn ec11ns o ror the ~aater1 half of 

the disc., At ~me"' o"'l.e c~'l"l. conclude tht\t the eastern half 



of the limb was nlrno·~t coaplntely innctivo,whilct the 

aolitory sunanot in the north-west quadrant of the dioc wns 

S$OCi4ted with a region of modo~ate in~enoitv in 5303R and 

Frol'l the weat 

limb datn it en"' be s t-cn thnt "' mmsnot whoso l)Oai t ion was 

about 30°S l~titude and 255° longitu~c w s obuervod on the 

Jest limb tw~lve days ~~ter the ecli~Me,associ • ted vith 

bri~ht intannity in 530~. Hovever, t is aoot vas not 

ob~erv$d when it sh~uld have b~en on the onst liMb two days 

The r1 a.ta sun-oli.cd by r. Dns sroved 

thrt.t tLio '3pot de "'..'Cl·mad on t!1a Iliac ao tho sun rotated. 

If it was o~eaent on the ~clinso day its intensitY in 5303R 

u:t havo b~en at ~o~t faint and ju~t inside the eaat limb, 

roug'ly co1."re$~onnin~ to tho ~ant 11"'\b aourc '0'3Stul,~tcd 

fMm the 1:' lay~r (ht , b'1t in its corresDondin~ l)Oei ti~n 

in the- S0utb .. rrn hemis·'lh(\re . 

\KA'LD''T.! '"1 (1955, 1956) hss shown ho...- t o find a 

ore quantit~tive aspect or tho corona in front of the sun's 

1iac. but it docs not se~m nec~ssar ~o ~~ke sucb a detailed 

analyois . 

~10 ~ouitior of th ae active areas ?bso~ed on the 

cclinse d~y to ,ether with the active r eos deduced from the 

E 11ly~~r ncnuurer:1ents shown in bnth their northern and southern 

no9i t ions, nre detailed in ~i~. 57, which ehn~s thRt: 

(i) There is no correlation \.lith either Gl or Gl' 
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e the .!estern limb was completely inactive except for faint 

6374R rad1 tion . 

(ii) The sourcn G2 is clo~e ton solitary suns~0t 

aurrountled by an H -. region, n.nd a rt)gion of r.~oderate 

int noitY in 530~i. 

(iii) The source G3 Plmoat c->inci.!co w1t 1 the 

nosi~ion o~ the ool~r ~ro~i~enco, wnil~t G3' is close to 

the faint area in 5~03R. 

Ct)ll1p'lrison with measurements 'l.t .John.'l'lnosburg nd Cape '1'own. 

Monsure onts ~~ro also m·de Rt Ca~e Town and 

.Toha-nnos'burp 1ur1n~ the cclin!!e on the ionosphf.re sounders 

o~cr~tod by the 5~t1on 1 Tel9c~nuunsc tion~ rte~carch 

Lnbo~tory of the South •rric n Couneil for Sci~ntific nd 

In~uatrial Research . 

h"l in dec1dinu which of t,ho otlclc il1 To.hl 16 ,apnlies 

and con:lequontly NiVft an indico.ti"n or the value of ~ • 

Tho "'leas,lre""lents "11P'ht r-lso :"ive an indiC"ti'.>n of whether 

the nou c s lie in th~"~>ir '!'lcrt' r>1 0r no,t..he!.'n poaitions. 

The h'~ ~ocordn wore ~e avail~hl to the 1hodes 

University ?hyeics ~e~~rt~ent and tho scaled values of 

critical fr~qu~ncios lofere '~indly !YJ:l'!o avl\i lablc to the 

author by ~r.ofosnor J. A. 0ledhill. 

"'lndo every rtinu~o durinr- the eoU~se o.nc1 the crt ticnl 

frequenciae were reo.d to the nonrc~t 0.01 .. c 1s . 

at ti!'lca "'urinr~ tho ecli '.'>OO the eccuracy \ote.s only to the 

Control datP w~re taken fr'.>m the 
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"~onth1y 'Bulletin of iono~phAric charact~riatice recorded 

at C no Town artli Joh nnesburg qur1n~ ,.,ocertl:>er, 1954", 

nu .. 11sh~d by tho National Tel cco'!'lounications "tascarch 

"t'h 5. s o~tn o'11Y '1'P.ve cr1 tic 1 frequenciP.s to 

the ne~r s t 0 . 1 •c/s, and t hourly intervals . The nean 

values of N ror the F. l oy r covorin~ ~he period 19 to ?l 

Dec nl'Jber, 1954 ~\-rr JJhOV!"l 1 n Tnble 17 to~ether \ii th the 

probable err?r.e . 

Time Ca·pe T·~wn Tohannnoburg 
(Hours SAST) '1 r ~ r 

060~ 0 . 40 0.02 o. , 7 O. Ot1 

07'>0 o.n; 0.04 0 . 79 0 . 04 

08r)0 0. '"19 0.04 1. 04 o.rn 

0900 1.09 0.06 1.18 0 . 02 

1010 1.?.2 0.04 1."':'2 0.0~ 

110' r . ;e 0.05 1.46 0.04 

1200 1 • .$5 0.02 1. 50 0.14 

Table 17: "fea.n, \•n.luca of iT ( x 10-5 electrons :2er em:) 

f'or the B lg~ r "lt Cape Tovn and Johtuln sburg, 

19 to 31, ~P.cor.b~r 1954. 

'fhc ciraua~tonc~~ of tho eclipse a t these two 

nl aceo a t a hoi~ht of 1 :o ~~e shown in T~blc 18, where 

f-oin renr~a~nts the unob~cu~d fraction of the vioiblc disc 

Por co~nariaon fiTUras for Graha .atown 

nre also inclu1ed. 



- 126 -

--
qtation 'Bc~ine Middle Ends ~-min 

-
C:rahw:1ntown 

Lnt: '33°19'S 0646 0800 to 0807 0935 0.142 

Long: 26°31' £ (nnnulr.r ph~a 

Johanneeburg 

Lat; 26°10 1 $ 0639 0758 0929 0.320 

Long : 28°05 1 3 

Cape ~·own 

Latt 34°9'S 0647 0758 0922 0.204 

Lonp:: 18°19' B 

-
Table 18: ,Ci r cu:1 ·~tunc OS of OCli}2 e at lf :> km }lryight {" ! .T) 

nt three nt ati n..J in .. ;outh Afr!.M 

The unobocurod frncti.on, .f, o£ tha visible dine at 

Cn.pe Town and J o hnrm ea.bu r f1 'Ill "' cnlcul't d no rtct,.ilod in 

}'r ... I o f' th(~ thoniG. ?i~ . 58 ot,own tha -v-: ri :t t ion of t 

at a hoi ht o ! l'~ km durin · the eclip~c : t t hoo c two pl a ces. 

The uE:ua l :fir9t ap:proxi•~ tion wa o cf' rriod out as 

a :'ir .. t nnalynln u~:in~ oquntton (24), an!lU:tin"" lhut th 

ioni.~in radi• ~ion ccmriJ ur1i.'or:Jly frOl:J. tho di(;c. Howcvor, 

1 t was found that thr1 values of N a t Johnnncoburg wure lo..,cr 

on th<" ecU.pse day than ~he illcon contrc.-1 valuen. Values 

of N n.t Gn.po :'o'w'n ""ci' e hi ' hl"r thr:o t ha :enn V(c)lucs before 

It Wl}~ fn und 

nocesnnry !;horofcr e , to adjm + th~ v .lues of q ns oicduced 

frot· the contr'11 va 1 uer to a C';unt ! or tho!"e dcpnrtu:· .n froro 

4 hc ~e~n contro l vnlucs on tho eclip~o dny . 
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Thia van '?M\·Plblv not n real P-"'fect but th~ re::mlt of 

inadequa te control dota being available ~t only hourly intervals, 

vnd to the ne~reut 0.1 "c/s. !n any case one could hardly 

CxP~Ct the cclin'"·o to coinci.ie exactl;r v:i th the ean control 

v lues nd ~~vi~in, any adjtt~t~ents to Q result inN fall ing 

within the nro~bility belt ~or the control data, this 

~rocedurP. ~eems ju tificd . As c~n be seen by co~p ~ison o~ 

Figs. 59 nnd 60 ~ith Table 17, thiD conditinn is f~lfilled . 

The two FiP:z . 53 t~nd !)O sho'W t.h9 re •. rllting t~eoreticP.l 

curv•s ~or ~a e Town and Johannesbur~. liain,.. the ini u 

n t;he cri t~rt()n, th~ v lu a of -' !'lt ~rt-:>e '-,J!l nn 1 Johnnn~>sburg 

aro 8 x 10-9c"l3sec-l and 7 Y l0-9cn3e ... c-1, which agree very 

. -9 3 -1 
well ~ith the r.rah ~stown v~1ue of 7 x 10 en 2ec • 

r .. H!~ (19?6a) has shovn row 1 t vas lX)Ssi~,le fro 

the "leaB'lt'O"lents at tvo ~tatio'Tls durinl7 tho ecli-ose o~ 

2'5 'Fehruary, 1952 to solvn for th~ ints1sitY or the sources 

and t:J(. . !Unnis !',.,•ttd that tho int nsi ty of tho sou.rcoo 

coul1 e;-c'!"! 'b'. enresaed as a linn r function of .-( or the 

f'orm A + 'R • 
~ 

Dy solvinff simultaneous equrtions for e~ch 

~ource a t ~artoum and Ibadan, h~ was a~le to 1educ~ both o( 

nnd the intensity o~ the aources o However, the readings 

from Co~e Tovn and Johanneebur~ exhibit U3nY noculiar bu~vo 

•:hicrl secl!l tl i f icul t. to eXT>l;\in on the coverin~ or U.'lcovering 

that in tho ~ape Tnwn curves >ctv•en 0930 and 0850 when the 
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unward nlo..,e is interr·1pted. !!owevr•r, to try and see if 

any or the ~rahnr:ssto'in mo'icls would fit the cur1ea for Cape 

Town and ,Tohnnn~sou-rp;, ef cl. of the 5 models wore a-pplied, 

"'10t necessarily usin~ the correS")I'>ndin...,. vnlues of ~ • 

It \oi&S found that the T-"ortel for GNhaMstown corres..,onding to 

o( : 1.? x l0-8c~3sec-l in Table 16 ~ve best agreement nt 

the t-w~ fl!t?ti. l)ns •~iith -< = 1.5 x l1-Bco3sac-1 9t1!"Ccin, '<~1th 

tho ~raharn3town value . Th~~e curve 3re shown alo in 

"Pi."". 59 anfl 60. n··. 61 sh~ws the renultin·· curve for 

It 19 neceaoar.r to ~lace b1th 

tho E.st and Ve~t liob sourc~s in th ir Southern nositions 

ns is ohown in tha res11Hin~ 1"10ilel in 'C'i.-,.. 62. !n rt'.ct~ it 

~ocs ~ot a l ter the fit a~orociahly if the 4ost li~b source in 

in oi ther its n:>r.th.~rl v or southftrn "'>osi ti·:m,or if the 

~ourc~ exten1s to include both uositions. The fit to the 

nnd it see s li~~lv tb~t other facts ~u3t be involved. 

The""tl see'ilS to b so~1 corrc>lflti~n b tw en the east 1 i1tb 

• f')ure and f int e!'!isoi ,n in 5303R as uell nn 1 n a.vee'1ent with 

the soli tary sunapot aoeoci~ted vith noderate enhancement in 

H., I!Vcr, t.ho~e 1!1 no evi:\once ff>r the existence 

Tho only correlation is with J 

The recnt:~1linatio"' coefficient. 

Un to "nt')'ll it hns beon aasuned that the recombination 
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co~f"ficient of.. in oouation (2?) is a conntn.nt . Before 

co~si1erin~ the p001ibilitv that it ~1~ht 7nrJ it is 

n~e.asA~ to consiA~r ita co~nooition. 

Th~ enrly vie~s on thP. ~roceao of rccombinttion ver~ 

thooe of ?SL!:Y (1933) for exnnn1c, who favoured a 

ions, ~o cn11(\d rndin..tivc r'3COmbination . 

'AIS"I?.H (19)2), hOw(?V~~, hat1 prf'vionsly inclinf'ld to the 

vi w that electr~ns disa~nRared main1y by nttaeh~ent to 

~outrnl particles and the subse~u~nt cutual neutralisAtion 

of positive an~ n~~tive ions occurred. LRter (A ·~pL~"7!0N 

ann AIS'Tr'H, 19:5) ~d·"luced their nr~ments in favour of 

~rocess o~ reco bin~tion in both the R and ~ r~~i~no. 

•• n ,d 'T'l1tL'Y (19?6) thnn nu::~m1ted i;h t ·thco·• two 

"Jroc ssea all occurred t,~ether end "r<5!;'EY (19-:"7) and 

BAT~3 ~t al (19~9) have ohown that this i~ nrob~bly a 

aatisf'lctory .,ictur-e of "hn.t occ rrs . In fact , it was 

al)le to a.ccount ..-,r th~ obs~rvod boh viour accordin'! to 

a rec~mbination l~v when in f ct import~nt ntt~chment ~nd 

detach-ont nroc~ssee wero occurrinp to~othcr. 

The re lJltin..,. equati()n deriv d by BAT!,;S ct .U (1939) 

is 

.!!!!. = q - (ell( + A oti 
dt e 

2 (62) ~) 
dt 

+ 1 

whcre~e = radiative ~ecombinatio~ coefficient of electrons 

and inns . 



( o+- + e ~ o + .il\) ) 

o{ 1 =coefficient of ~utual neutralisation of 

neu.ntive and ~onitive ions - th~ io~ic r~co~bination 

coeff'ieicnt. (o+ + o-~ o1 + o1 ) • 

)\ = r~tto of nngative ions to electronc 

H+ :s ~oeitive ion .-Je1si.ty. 

Theoretical values of these coefficients are 

-12 ~ -1 -11 3 -1 
til( e =- 5 x 10 em see nd -< 1 = ? x 10 em s c • 

dA was t'tlou-ht. to be s ,.11 '\Ild A larrte, so tha.t equn.tion 
dt 
(62) -reclUC'as to d~ _ \.-J i ~-.2 dt = q A- Jr (63) 

Thu~ if A were of tho order of 500 the~ the 

" ffective" rocl)mbin tio"'1 coefficieYit 'liOul d be of the order 

-a of 10 an obocrved . Cct>tainly t1c Vl'l.luc of the radi1.t1ve 

r co bination coefficient is too snall . 

''CL ~IJt.t (1919) 11 s tho first to notice that during 

the eclipse of July 9, 19 ~ry , the ef~ective reco~bination 

coefficient anpen.reclt to V"'~ry 1urintt the ocl h.>se rr,m P 

hi;o-h valuo of 4.2 x 10-8 soon aftj)r the boe;innin~ of th() 

ecli.pse, to a lo"' 1TA.lue or 0.0 x 10-8 t the "'laxi lltu phnoe-. 

!Te vrut nble to Pccount for- t'ds on the no" tive-ion theory 

by su~~oein~ thnt A fe~l ~r1~ 211~) nt the bagin~i~ of the 

ocli,:-e to 40') at th~ "'axiaum j)haoo. 

A detailed inv· sti~ ti~n of oxygen neg~tivo-1ons 

by B'.r·· , and ·~A~·~:rr (1943)t led to the concluaio"'l thrt 

ol i in fact har'! ,.. ~uch hi!';her v....,lue of between 10-8 and 10-7 
9 
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the UlJt>P.r lit1i t being 10-6 • Following this discovery, 

~S~LY and n~T ~ (194~) w~re then ~ble to show that )\ was 

in fact a all CO:Jl)-~d 1-11 th unity. Tl1~ rosul ting nro ~uct 

Ao<
1 

ho' .. Hl't r, wna otill or the order of 10-8 and aufficiont 

to ccount for- tt'l~ ob:·H••rvnd effec:tive recombinntion 

~uiC:H (1944) l-a"' Plao con i:'le:r-ed tho nrture 

o~ the recoobin.,tion coeffic:i<:tl'lt nnd dednccd the following 

ex-oreoatonot 

and 

(64'} 

(65) 

~ = co~ffici•nt of tt~ch~ent of electr~ns to 

neutral ato"!!.D and o )loenl~e ( 0 + e ~ o- +Jl~ ) 

N
0 

= density of neutral n rticles. 

= cna1ty ~f n~~~tivo ions 

it = co~fficient or dct ch~ent of electrons from 

naanttv~ i.ons by collision co- + 0 -?'02 + -fl., ) 

A,r n- ia th rate of lose of ncg~tivA ions by ~hoto­

dctach'1cnt of ~lcctrons (o- +J..~~ 0 + a) ccord1ntt to 

Ir equati~na (G4) and {6?) nre co~~inod 

assumin.g th1lt the ionoot)'hero io olcctrie!tlly neutral rmd 

hence 

(66) 

L = ---9.._ - ( ol +A,( . ) N2 - N ~ ( 67) 
dt 1 +.,.. c ,. 1 +~ dt 
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where A = !1.- as b~fore. 
N 

~1nce no<w ~ << 1, A can bo foun~ fr{}t:J equntion (65) a ... 3uming 

thn.t dt'l- = 0 and + thus that N ~ N'i. , 
dt 

~ No f., =r N- = 'i « iN + A N'o + ~lp 
(68) 

assuming ~hat ! ~ is small, then eauation (67) becomes 
dt 

dli dt":llq- (D( e + A«i )Ji2' w"tich i o identical to 

equation (63). If e11c'1 of the te~a in the d •no~inator in 

equation (6~) ia considered n tur:n :t!'eator ~han the 

r~mainin~ tw~, thAn ~he three resultin~ cQu'tio~a are * = q - ( II'- e + ' \ t )n2 
d. 2 
- = q - ( ol + "1" ) dt e ~ 

~. 

h- s q - ( ote + olifrlo)~ 
,c-:-i 
~ 

ov ~untiono (69) and (70) reduce to the form 

clN .J •• ? 
:;-=t q - IIi'\. fw 

" 

and equation (71) re·iucen to 

ft ~ener~l cnu tion mi~ht thP-refore take the foro 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 
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This typo or cqu tion has been s~osted by ~;TR~BAU~ (1953) 

for oxa~~le, to ex~l~in the r~ct th~t on control days N.Ccosn)[ 

where n ~ . accordi~~ to Chanman'a theory of l aynr formation~. 

It in intere ltin~ to 3Ce whether equations (72) or 

(73) ~ore nenrly describe the oxnori~ontal curves during the 

eclinse. By rP.!>lttci.n"' q by f C'l ~urinll' the ecli '}J:le as bryf'ore, 

tho curvos which ~ive the s ~e mini~u~ ~B the exnerimental 

cu~ves ar~ th,sa for 4{ = 7 x l0-9c'lll3sec-l as before, and 

~N0 • ::?.5 x l0-4oec-l, r-tnd are nhtnm in Fig. 6;. The 

curves sho'W that the "reconbinPtion" law is better annrox1-

n.."ltion to the ob :?rved than the"a.ttsch entt' law. 

However, n~.'!'-3 :md "A:IS :<"f (1946, 1947) have since 

')Ut 'f:1rwttrd ,.,otent nr~n-ents agt'inst the ttnogativo-ion" 

reco~binatton theory and ~ronoscd thRt thP proc~ss responsible 

for t1e ranil ~i a?n~~r~nce of olcct~ns rni~ht be dissoci:tive 

r.oeo~hinntion, which ca~ be written 

X y+ + e ~X' + Y' (75) 

Tha ryroc so wqn hi~~ly s~ecul~tivc at th t ti e aince it 

dioa~ci~tnd above lOr Vm, an1 it was nccns-ary to 3U~~o9e 

thAt eto~ic ions were conv~rted int~ ~olecular ions by 

chnrPe trans'f~"!' with subt""equ nt di.sRoci at.ive r&co bination 

i.e. (76) 

Even ao it vas n~cnSSQry t0 supnone th.nt the ~olecule 

XY be idnntifi~d as 0~. 
<.. 

rcar.ET and t" , .. ,H:; {1954) however, have 9hown t~a.t, 
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because of mixin~ and diff~sion, 02 must be quite abundant 

even in the F layers. In fact, it is probable that 0~ • ions 

must predominate in the E region ( e.g. BATES, 1956a) , and the 

rate limiting ~recess is then as in equation ( 75 ) with XY+ 

+ identified as o2• . 

Since then laboratory measurements on dissociative 

recombination have been carried out and BIONDI and BROWN (1949) 

have measured the dissociative recombination coefficient o f 

He
2

+ and found i t to be about 10-8cm3sec-1 • Other measure-

ments of the dissociative recombination coefficients have 

been made for examp le by BIONDI (1951) who found a value of 

- 6 3 -1 about 10 em sec for argon. 

nitrogen (sA T8S{ l956) have given 

Recent measurements on 

-7 3 - 1 a value of 10 c~ sec 

and even higher vr1ues have been re~orted (FAIRE, FUNDINGSLAND 

and .ADE111, 1954) . Measure~ent of the dissociative recombin-

ation coefficient of oxygen seems difficul t because of the 

nuestion of identifyin~ the ion invol ved, but a tentative 

value of 4 x 10-8cm3sec-1 has been suggested (SAYERS, 1956 ) . 

The consequences of a high rate of dissociative 

recombination in the E layer has been considered by GERJUOY 

and BIONDI ( 1953), and the relation which emerges from their 

discussion is :-

\oJhere .J.•= dissociative recombination coeffieient 

~ = ratio of 02 ions to free electrons. 

(77 ) 
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If the usual as ··umTltions are made thet ~ <<-1, ~~1. and 
dt. 

of_ and ;... are Mall co"'::pnrcd with ol. ~' e(luation (77) reducas e 1 '• 
to: 

(78) 

It see .a '!')robable that A'-:::: 1 l'lrtd conseq'tP-ntly the variation 

of the electMn density in th l.' l"lyer should. follow a s1 ple 

r~co~bination l~w ~a \n equation (23) Jhere will ropresent 

the disaocit t.ivf) rccol'lbina.tion coeffici~nt l')f tha ef1'ective 

ion in tl1e r layer, vh.; ch as hnn c:\lrervl•r been otated seo s 

+ 
li~ely to b~ o2 • • 

The rea11l t of the elise 1saion shows therefore, th~t 

on nresant th.e?ries of tho reco:=~bination !)rocesaea occurrinv 

i~ the E lrycr, it i unncc~asary to su~pose th~t the ~loctron 

loaa law is nnythin~ othar \han a reco~bination 1 w as 

ori~inally oupno~ed in equation (23) . The coefficient 

..,iP:ht vnry d11rinft 11n ecliT>o.e fhtc to chanl"es of preosure and 

te~p~ratur~, the 1 tter cnae hPvin~ nlready been considered. 

sug_,cot#i)d that the E layer 1 ... ht be f'om~d by the action of 

X-ravs enitted by the nun. 7his su~~c3tion h s bP~n vell 

cstnrlished bv roe'·et ~Pn.sure ... on.t.s (;rn~A .. , CPUJ3B and'F'r~IT·n~·A ·-, 

19~~, 1954: HA ~s, F'1TE0• .".~1 and HUL:f\U~T, 1955), o.nJ. in fact, 

the intensities n nsured nrc suffici~nt to ionise all the 

nt-r-os-pht?ric c~natitunnts (e.g . 3A'f""'S, 1956b). Thio r.ti ~ht 

tbare~~re, c0mnlicato the rcco~bination ~rocese since several 
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sp~eies of i~n ~1 11 thus be present, ach with its own 

rceombin tion coeffic1ont. B ~ S (1951) hno shown that the 

diurn 1 v ri · ti~n ~~ th clactron d9~sity .'! be cotltpletely 

controlled by the ~ore slowly rec~~binin~ 3~~cios or ion, 

And pive no in~icotion o~ a mor~ ranidly reco~bining sn~ci~s. 

Variatif'ln of t~~ re~""Oll\bination coefficient. 

The su~~~Gtion of B~TE1 (1951) that the diurnal 

va.rintion of electron 'lensity !'laY only ~ivc an indication of the 

presonce of the slowor reco~binin r s~.ciee of ion, means that 

dtrring an !"Clipse t he f'aster eecombinin~ o-pecies ni .,ht be 

in.d ieatnd. T~is i~ exactly vha t happen~ durin$ an ~c11nse. 

M ny obaorvera hnvc noted that the io~osphoric ec11use otarts 

too quic·--ly (e.g. 1::.-.1~11 ·G, 1945& PI li~~j, 1948: 1I ~ 1IS, 1955, 

1956b). If two apcct e.e of ion v .. ro "Preocnt, t his is eJmctl.y 

~b~t ia to b~ expected; the " OrP ra~idly roco~bining speci ~s 

of ion will disan~ ar firot leavin~ the slower s~ecies. The 

value of Um therefore, will be dete~tned ~riuarily by the 

slower S'PElCi{·O o'f ion r-md t ho ti"'e-la.g 8 t by the t"oro rapid 

soecies. This ::mg~eotion 1s clea rly a n1Ausib1e exnlanA.tion 

of theW - ot ano ~ly, qnd would "ecount f~r the fact thnt m 

during _ony eclipses the .eco \bina tion coefficient ?p~arently 

c tat""ts at hip;h value ~nd to a low value during the •'ax1oum 

{e. • • cr)~ISH, 1948) . BATES 01nd McDO~ELT, (1957) 

h vo considered t~ia case theoretically for a hypothetical 

total eeliotJc . Pollowin~ Ba t es And 'cnovell therefor.e, the 

sun vi l l be consi dered n nnt fo~ly radinting <lise, And it '«ill 
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be sun~osed that there are two s~ecies of ion whose concentr-

ations re x and y ~r c~3 at any time. Let ilx and <ly bP. 
~ 

their rates of ·production per em' <tnd e:/.-x and e<y t'i1eir 

respective recombination coeff~cients . 

for tho control v:-rio.tion of x snd y, 

(79 ) 

dyo 
it' = 'ly - .,l...yf 0 N {so) 

N = (x + Y ) 
0 0 

d'l'f . 
dt::; dxo dyo 

dt + dt 

Thus 

D1rin~ the ecli-ose the equc.tionc for the variation of x and 

y will be 

dx J - • fo - P' xn dt -x x 

B tes nnd ~cDowell h~ve advanced a rather co~plex 

{82) 

(33) 

athematical 

thod o~ golvin~ theoe equ~tions nunerically according to 

HA RTREl-~ (1952). Ho'tfeVPr• nut:terical solution tor ol.. and ,<. 
X y 

tl'lY be c~rriod ()ut in the s e 'JG7! ns thnt described 

9"\r'f"viouoly for a singlo specios r~co:tbinat!on. 

It i , first nP.cesanry to establish qx nnd q
1 

for 

in3P.rti~n in equrtions (82) ~nd (8~). This is done by 

ch~osin the ro.tio ~ in 

Yo 

dvunce. For particul~r v~lues of 
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0'- nnd o( , o and q 
X Y X y can be calculated from equations (79) 

and (BO) as~unin~ that dr dy dN 
---Sl _ __g_ • Since dt is scall, 
dt - dt 

this 

doen not m tcr1 .. ll.y .ff~ct the al!Alysis. Uain--; these values 

dx ~ ( ) of 'lx o.nd qy' the "T'tdienta dt and dt in e-quR.tions 132 Rnd 

(83) ~ay be foll~wod fro~ s tage to ntag~ durin~ the acli~ae 

ainultnncously. It is noc~ssary to nerform two co putations 

at one , one for x ~nd o~e for y, and at each sta?c the 

resultin~ value of R is of course (x+y). Th .n•e are three 

variabl~s which havo to be fixed in advance, ~' and c( Md 
X 

Yo 
,.,.. . 1 -X t 1 d XO d X .LwO va ue& or_s wero r e , _ = 4 an ....2. = 1• 

Yo Yo Yo 
These 

two values are suffici~nt to indicate the noasible effect of 

dif~erent concentrations of the two ionso It was then decided 

to fix the value of the "'Or' ranit1 ion, . nd a ve.luo of' 

o( c 10-7c~3nec-1 wAS d~cided upon. The value w~s chosen 
y 

as bein- the hip;l1 at enyone h s dt"red to su~gest (o . g . 

i>InnrWT")f.1', 19'51), but in fact, the dietinction bot\feen 

hi~hcr v~lues ~d infinity is so s~all, that it was f~lt a 

value of 10-7 :rea.-,onahly indicates an extre e case of the More 

X For e·ch of the chosen values of £L the value 
Yo 

ot o(x was deternined by trinl and error until a th l')t'ntical 

curve ~ave tho smne minimum s that obsorvod . This gave 

three cases which are shown in Pig. 64. Case (a) 

oL = oL = 7 x 10-9 
C"13nec -l and the layer is a single 

X y 

species layer. 
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(b) X 
I) X 10-9cl't38ee-l 0 4, "' -= = 

70 X 

of = y 
l0-7cl!!3sec-1 

X 

~ = l0-9cn3aec-1 ...2.= 1, 
Yo X 

(c) 

D( = l0-7co~oec-1 
y 

As can be aenn the crts s (b) nnd (e) a"'-roaeh that ,..,hserv~d 

nore Glosely, but do not ~ecount for the rnnid Jron in ~ ~t 

0717 s~~T., which as h s nr~viously been nentioned is 

nseocirtted vith thQ covorin.c: of thft solitnry ounsnot in the 

north-west nart of the disc. It ~as round that the best fit 

to thnt obnervnd in ce.sea (b) md (c) WPS fo'tnd by 8u1).nos1ng 

th~t 801 of tho radintion c me fr·m the disc nnd 20% froQ the 

snot. The r sultinr. curvns r shrywl'l in Fir,. 65. In case 

(b) the 1l - eft .,no.,nlv is not sufficiently o.ccountoo f'>r, m 
PJH! in cn.ae (c) vh~ro ao the obnervf'fl -ooint are acco,mted for 

b fore nnd (turing annularit.y, the final recovery durinP.; the 

last sta~es of the ecliryse is coc~letely co~trollcd by the 

-o~e elovly reco~binin~ ap~ciee o( = l0-9cn3sec-1, an1 ~oca 
X 

not account for t~t ob~erved. 

It is i'l'ltereotih~ to note thnt the "effective rocom-

binn.ti 0n coeffici(mt", that i:J that which doacribcn the diurnal 

vari:<t ion of N ·~s in ~uation (2~) ann be eva.lul\ted from 

equation {81), atnc~ 

o( ~ _D~._x .. ~....:O::;...._+-_rJ..-.c.Y-y,;:.O (84) 
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The v~1ues of tJL R-ra -

Case (a) 

(b) 

-s ; -1 c/. = 2.4 x 10 em soc 

~ = 5. 05 x 10-8~3aae-1 

8or:to cv!deneo for the lo""er rec,m.bin!'tion coefficients 

may be ~Tovide~ from the fact thnt it is well-known that the 

E layor persists at r.i-rht . 'rhe o r l.y apnarent reference in 

the li te~.tu:re to ~"'eaourol'IP.nts of ot. from E ltl:Yt'r critical 

frequencies 'tt ni-ht is that of D.,...'JT, P\~::F.'R and tATCLIT'J-"E 

(1938} \lho obtnirrd P V"l.lue of 4 x 10-9 CT:1
3sae-1 .. V lues as 

low as l0-9cm3soe-1 hg.ve been reported by !3/i.~AL _ nd NITRA {19?0) 

usin~'" the aasY't!letry m~tho1 of A""'?!t',-0!1 (l933) on E layer 

rneasure~~nts t Calcuttao It i a also int~restin~ to note 

that the calculations of ~ArJI0~ (1955) ehow that six hours 

:"~ft~r sunset the value l)f ,l .... t 120 1m eo•.~VI be aa low as 

-9 "% -1 10 ern -'se-c • The hirh1"r values could be the dissociative 

recomhin~ti~n c~efficient, which a~~ears from ~reliminary 

However, ~sPies. 64 and 65 show the K - b t anomaly m 

e _not be cortrplctE'IlY nccounted for by the presence of tvo 

~nseios of ion •ith diff~ring roco~binction eoeff1cientsj 

hovov~r the neglect of thin fnctnr, as will be oeen lnter, 

~ay l ead to the ov~r-estin te of othc~ factors. auch as the 

dL:~tributio, of s~lar rn.di~ti,n .. 

!t is vlso posuible that the reconbination coeffi-

ci.nt tJight vary through the l ayer, beinP.' a function of height. 

This will C:tJUSO ~ 'tistorti:·n of the l oynr durin"J the ecli-pne. 



1.2r-------r-------~----~~----~-----~~~----~~~~~~------~ 

// 

1.1 r-------r-----:-:::'-:-:---:-=-----1f---~~------~---,!r-----7.~--!-------l-------l 
MEAN OF / 

~ CONTROL 04.Y;... 

u t .or-------+-------,----,L-4-------~------~I-----~--------L-------4 
a: 
w 
a.. 

~ Q9~----~----~------~------~~L+~ 
0 

~ = 4, ~= s x 169cnfsee1 

~= 167 cm3see1 

a: 
1-
u 

(c) r: 1' .ex= 1<fcm3see1 

~ aar--------~~------------~-------h~~---4 
0 -7 3 1 .ty= 10 em sec 

w 
I z 

DISC OC1'/,.PPOT 20"/. 

e OBSERVED ECLIPSE 04.Y 

O~·t----.---4-------~------~2~~~--t-------~------~.4------+-----~ 

0630 

\ 
\ 

0700 

FIG: 66 

I I I 
0730 0800 0830 0000 0030 1000 

TIME(&AS.t) 

FIG: 65 E LAYER, GRAHAMSTOWN 
VARIATION OF RECOMBINATION COEFFICIENT 

I ACTIVE 
AREA 

MOON'S SEMI-DIAMETER = 0.926 SUN'Ss.D 

s 

/ 
/ 

/ 

SOLAR MODEL 15"/. OUTSIDE DISC 
PATH OF MOON ACROSS SUN AT 100 KM 

/ 

CAPE TOWN 

GRAHAM STOW N 

JOHANNESBURG 



- 141 -

This case has boen considered by ti:~ (1956) end he has shown 

that von in 9. 

the error intr~duc~d i~ still n~~ligible in the E layar. 

Radintion fro~ out ide th• visible disc. 

It has benn r cnti.,nod l',\1ready tha.t the nrepo!'ld(>r nee of 

eeli~oe m asur~ronts in tho B l ayor in ~hich the r inimum electron 

density occurs 'hrin-- th~ l'l'I""Xi ... 'ltn phase bnt fails to reach · 

its theoretical l<>'l~st VR.lue by 10 tl) 151, m kea 1 t difficult 

to 1>oli ve thto.t the ex:Jlanation is due to the dis tribution of 

~ctive areas on the visible <lise. ftq had been point<Jd out 

by ~~ATCf,!l:'P ~ {19116), nne vould expfiCt such distribution to 

douend on ch nee. 

this vas eo. An fltte~" "Pt to ex-nlain this H' - f t E\.nO". ly by m 

ap!M)oin t t t n nn ci·s of :i.~n exit ~n been partly, but 

It SP.C B li're1y as ori inally 

fr~n tho corona outside the visibl e disc. In tac t it seens 

~1 oet crt in that sote or the innisin~ radtatio~ c~~es at 

least fro'1 the lf),rPr cor()na ( .Ll r.f, 191:)6)o 'tT IS (1956c) 

followi"lg the :'Jiscus3ion "'t the London aym-oooium on "S~Jlar 

.,.,cli-p~es -=-nd the !(")nosnherc", has been fl)rcod to ndnit the 

T'OS~ibility of sonc ra1ia.tion comin"' from outsida the visibl e 

disc, and h-.s calcul~ted the r~sulting valu s of' o<.. according 

to ~ov uc~ residuAl raliation is pr~sent at totality. He 

-8 ,., 
g ives the va lue or oi as 9. ~ x 1 I if' 10, \<I ere pr~sent at 

totality, and infi~ity ror 12~. This co~c1u~i n io based on 
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a rather 1oubtful P.xtrapolation of dW ancl dt at second contact. 

B!) · ';:'!', HU YA B!'TS tond JtjOL';T (1957) hn.ve recently oxnmined 

the eas•tr~ncnte nt s1x stationo in At'rica durinP the eclipse 

of 25 Debrttney, 19?2. in<~l·ldin- those of ~fi' TIS (1955) from 

·{h~rtou~ ~nd Ibnd~. It io int~resting to no~e thnt in s 

r>Jodal in w"l ~cl1 15~ of the radia tion Ca"'e from outside the 

visible disc, "8D'rt' T et al (1957) vere able to obtain very 

?ood ft,.rem"!ftnt wi tl-.1 the ""!ef\sure ents at !Cho.rtoum and Ibadan 

with o{ = 4 x 10-8c~3aeo-1• It ~uet be ad ittP,d, how v~r, 

t'1"'t thft n~reemcnt wi t'h oth~r t~tiorrs is not oo ~ood. 

"'V rtlu~l rJ'1 9 P . ~arv .e to irdic to th,.. t the co;1tontion of 

.:! :!liS (1956t' ,c) that o( t.Jouln be infinite und r theae 

circu st ncf•S io ~rroneous. 

It hns b 0n noted th t on all the ecli~oes so far 

exR ined by uinnin, he hvs had to 1)0otulnto the oxist~nce of 

a 30l~r oource on the ~e~t li~b of the sun as well as on the 

ef'st liob. In 11 ea3es be hna been able to establish that 

correlation with the liob intensities o f 5303R &howed th~t 

the west l imb v~o norQ active th n tho east. In fact, 1 t 

Aoul d b~ oasy to viaunline the ~hcnomcnuo of limb-brip,htening 

as calc•ll ... ted by 'JALD''F.! '!'? (1956 ) . It would seem poasible 

that thio eorr~lnti~n ~as ~ure coincidence for it is easy 

to SPe fro T::l'blo 115, thnt tho v~st li b eoureo oxceods the 

' -9 ~ -1 e~st limb s.-o.urce for til ~2.0 x 1n en sec • In thif ' eclipse 

there is li t.tle evi~ance for :my li. b-orightening in 530~R, 

and whatever there 1~ht be vould in~ic~te the erJt limb to 
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be oro ~ctive than the westo From table 16, one can conclude 

th&t ~~2.0 x l0-8c~3 ~c-1 , wr~roas the comp~riaon of these 

r-odeln with r.a.pc Tow an-I Johnnr.enburg r.nve ()(. ebout 

1.5 x 10-8~33ec-1, althou -h d~ittedly the agreeme~t is not 

pe-rfect . 

Tho .ore lik'llY xvlm tton th!lt some t- diatio'1 ct:>m.cs 

from outsije tho 1iac seea~ pl usible. In ~act, there seems 

no rensnn to 8U1)po_,e the nun in .aol r 1o ~1s1n~ rrUati(m 

to be the 9a.e as ~~~tin viaibln radi tion, when for GXQ~~lc, 

the sun in 21 em wavelength (o •• !'!W~I :'l'I"'~t;', ~nd A. .BH1'fi)Ji, 

1955) i!; elliptical in form and extanding 'beyond the visible 

diae t the untor. 

A solar moael h~~ ther.eforo, be n prononed in vhich 

15~ of the tot l ~\1i~tion coDes fro~ O'teide the visible 

.Uae. The disc h~s b en extended at the ool r oquPtor es 

nho•.m in rii"· 66, by nbout 0.1 oolq,r d iar.teter in such a 'i!lft9 

that the intotla it.y -p~r u.nit nroa coning frott outcide the 

viGiol~ diee i e the sn e a3 the di~c itoclf. Suit ble 

~11o Ance oust be mnde for the ,i~vle aetive area in the 

north-vest oundrant. 

Pip;. f.7 shovs the ~nsul +in~ c•1rvea for the vo.ria.tion 

off', the unobscurod fraction of tl'le uolnr -radiation on 

thia nodel, as com~Rred with thnt for ~ unifo~ disco Tho 

circm stnncc o of the ecli,ae for thtt t.hree ot"tions on tl;is 

"10del is oholm in T blc 197 "here f 'min rcnresont,s th:ta 

ti~e the unobocur.~a frncti0n nf ~he solar rndintion At the 
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St tion D&~1nn ~,id 11e t!nda f.lmin 

Orahamstovn 0639 07?2 to 081? 
(Annular "Ph"se ' 

0946 0 .270 

Johannesburg 0641 075P 0930 0.396 

Ca-oe 1ovn 06'34 0758 0936 0 . 308 

Tabl e 19~ ~i!cu-:tst~c~o of ec1 i •!Je o1' Solar ~o1e1 (r'ts. :S6) 

at 100 lea h<'ir;ht 

rnis mo el vas ~pnli d to the th~ee ~tat ions s 

shown in Fi ""S • 68, 69 nd 70. A1lov1ng son~ contribution to 

th~ rndintton fro~ tho ctivP. r~a in thn north-west, th 

resultir curv a "-re as follovs& 

(a ) Orahamsto~ (~i~. 68) 

ol.. ::a 2.0 X 
-8 10 c 3soc-1, S~t = 15" 
-8 3 -1 

, S""'ot = 5 to 1111 of. • tJ . O X 1'1 em sec 

o<.! 4.0 X 
-9 3 -1 1:1 em aqe , l oss a.ccentaiJle 

(b) Jobnnnes'burg. {1-'is:. 69) 

tl... = 4 
- 8 '3 -1 

X 10 \::11 lJeC f S-oot = 5 to 1~ 

o( { 4 -8 ' -1 x 10 ern sec , 11 t.tle difference 

D(.< 4 
-13 3 -1 x 10 c:n aec , less accontablft 

(c) ca.ne Town ~1-"'1~. 71)) 

o{ • 4.0 -8 3 -1 
5p~t 5 to 1'11 x: 10 c-a nne ' 

q(. '7 4. 1') -8 ~ -1 loss acce-ptable X 10 CM~S£>C t 

From thP fivures for the three stations 1 t SC'~·l:S that 

tho o~ t aceeptnbl mo1el to ~ive the boat Agreeoent to 11 

thr e ntnti i')Tl'J i n a -e~o:lr•l wi th 'i to l"'l~ ttribut~d to the SP-ot 

_, -8 3 -1 
~nd ~ = 4 x 10 c~ ~ec • The result is thus similar to that 
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obt i'1Cd by BO'Pl~, Ht!''\ "'"'':'') nnd H00L ·1' (19S7) who also 

d duced ~= 4 x l0-8cm3cec-l and P!~~ I~~1~ (1951) who 

concluded th t ~ could b~ as high ~s lo-7c,~oec-1• 

D,i,scussion of E layer results. 

Atte·nto to &xplain the bchRviour o~ theE layer 

1ur1n thia clin!>e ?n the uau ... l hY"90th~sis thA-t the sun is 

a uni 'f"or!'l!ly radi tinD" sol r Hoc hnVE» once SPain illu•ttretted 

the oo cnlled t - ~ t nonaly, whioh seer.1s to occur in nl ost 
1!1 

all annlyneo of ~ layer ecli~sG M Ure""·ents on this si lo 

theory. Varioto rie-partu,.eo fron thi.a si Tllf' theory h~ve 

bern Fttte-nt.ed to exnl in t i.s nno-:.aly. In the first nl~co 

it is r~und that the ~no~aly c~ be rlained in te~s of a 

drop in tonp r turc durin the ccli~nc to about ~ of its 

no~o.l diurn="l value. Ho~~ver, it is found that there rust 

be little v~riation durin· the d yli~ht hours on~ nommnl 

day, and the result would th1ts scet surr>risinrs• In .Pact, 

m ~t theoretieal c~naiderations of th rrnl b~lance in the 

unner atm<>s•,here 1n1icate ~hn.t suoh v chan~e is unli\raly since 

tho the~al relaxati~n tine 13 of the order of a few da·s. 

In tho occ<>nd case, itis ~s~u~~d that the sun is not 

n uniror~1y rndia tinrr disc but th t there nre re~1o~s from 

which ~oro radi~tion is enitted. By co~~nrison with aeasure-

~ents ~ro Ca~e To~ nnd Joha~neabur;, it 1~ found thnt 

ren&Anablo, bu~ by no nc ne nerfcct 2gree~cnt ca~ be obtained 

~i tb A l'!!,.,<le1 in -.~ .ieh 70'/ of the !"RtH~tion is n.ttributed to 

the disc and r1- ::r 1. 5 x 10- 8c!!l3sec - l , Little visual evi1ence 
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cnn be fonn~ 'for the rJxistcnce or tvo aourc s ...,hich have to 

b. postul~t~d ~, th~ linh. ~xtensio~ ryf thit c~se to 

inelu~c sore r~di · tion fro~ outside the visible disc shows 

th~t ~uite goo1 ogreerent c n be obtained if 15~ of the radi~tion 

f ..a ,: A _/ II -8 3 -1 corrcs ron outsin~ the ~isc anu ~ = 'l x 11 em sec. ln.this 

c 3e only S to 10~ need be ~ttributod t~ r. solitary ftunsnot • 

It is intflr sti~r, to com~ re the tto c~ en. . ' I'i n~ (19?6b) 

hns ~oi~ted out thnt the ~baolutc intensity of the uniform disc 

co~~one~t is ~b?ut tho ua e fer both th~ feb~lAry 1952 ~nd 

.rune 1954 ecJi-oses. Thi~ eonr~~Js to the nossibility 

:Jugi':e~ted by &,T,J,:n (194s:l, 1956) th t th~ro ::r1~ht be a COl'!lnOn<"nt 

~f r~diation emitt~d unifo~ly from the disc which corresnonds 

to tha il'li''.U~ >;>osaihlc lP.vel or solq.r nctivity, when the 

!t 13 intPrestin ther.ef~ro, tO CnrnnnrC the tWO 

hyp~tr.en tl~ ··d; 1\11 the ra11ati">n CO('} s from the visible disc 

and th t 15~ comes from 'utsi~e tho disc on this basis, 

nssumin~ the:tt the 1:5:' outaide the dis~ ?'lOY be inclur1ed in 

Ueinp the no~nti~n or ~innis, tho 1iurnal variation 

of may b~ ex~resaed B 

Re~rranging the teres 

J a ~o = {N
2 

d.. 

1 dif) c nft + __ se 

~ dt 

(84) 

(85) 
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overhead sun. 

It hP.S a lready been mentioned that the eJq.>onent 

n a 1 for Chapo n 1ayqr, but uolJ:ally n :A 1, an1 the 

a~proprinte value is used as doduced from control days . 

UsinCJ; the noon vnluos of :1 frolll the control dayo t the 

dN three s~ntions ~ben dt = 0, values of J were deduced from 

equa tion ( BS) and a.r,_ shown in T.!'1ble 20 to-:eth~r with valuce 

of ~ for each station. 

St.., tion n J (109 cm-6) 

r.ral'lf\~stmm 1.18 211 

Cane Town 1.12 220 

,Johannesburg 1.20 229 

Table 20: Valuns of n and J 

8 -6 Tn'dnr thl' mcen va.lue of J P.S 220 x 10 em , s 
)(10 -3 -1 

2 22~~m sec • Durin7 the 1952 cl!ose at Khartoum, 

qo = 25~x 108c -'3s~e-1 • Using the result of BONNET, 

· ~nP~A t:'~·~ 3 ~.nd rrr.·TL.::t (1957) for the 1952 eclios~, that 

wh~tn 15. of the -radia tion ~o-ne f'roa ontoi -le tho disc only 

ll ~ nP0d be a ttributed to two o;ro t s, Table;lf. shows t.he 

unifom comnonont of Q M dcduc" d fro, the two models . 
0 
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F£11-pso qo A (eT.!t-;sec-1 ) B (cm-3sec- 1 ) 

Feb. 1952 258 o( 19g ~ -8) «-= l.?.xlO 
641 unifo!"t\1) 

916 (o£=: 4xl0-8 ) 
(B9:-' uniform~ 

~ec. 1954 220~ 231 (.,(.:. 1. 5xl0-8 ) 
(70-:' uni forrt) 

836 Gl = 4xlo-8 ) 
(95f uniformD 

.. 

Table 21: Absolute intensity of uni~orm component of 

sol r radiation 

A a ~11 r~~iation ~ron vioibl dioc 

B • 1?:' radi tion from o•ttsit!e visible disc. 

The aure~· cnt for the values of (D) is b~tter than 

that for (A.), but t.he rec.1lt is no+ eonclu~ive, since the 

va.lu~s of ()(. fnd J for tho 19r;4 nclintJe are not as "ccttt'atc 

• s t hooe of 'inni.a :'or the 1952 ocli:p11e. It is i~tareating 

to note that "T'' H) (19C)fi, 19?6a) has tried. to jt.Jst1fy the 

ex1Btenc~ of a veot li b source of into~sity 25; of th9 

total by following the changes in J sevoral d~yo ftcr the 

ccli-o<le. 'fhen the vest 1 it1b sourc'!t shoulr'l havP disnnT)etn.·ed 

behind the disc 1ue to the sun •s 't'at.,tion, he noti~ed a dro-o 

in J corroa~ondina to 13~ of its value on the oclipse d~y. 

If one can interprftt chnl1. es in J in this vay a.s "'innis did, 

the B.'tl"Gf) nnt with the valuo of 11, deduc d b:t Bon'4£!t, 

Hunn ... rts and l'icf>let for the sn.-p:e li 1i O"i the {'1) ~odel is 

-ruch bet tP.r than th t of . in"lis of t~e (t,) '!!odel . 

Accordin., t;o ".TrT,"'' (19~P), the intensity .Ill of the 

E lnygr ionisin~ reiiation fo~ a tielve-month ~can sa nsT)ot 
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nurber li is "'ivf:'n by 

111 = I 
0 

(1 + 0.0,)97 'ft) (86) . 

~ow ror DecP.mber 1954, ~ = 10 (J. Gco~hys. 1e~., 

§Q, 108, 1955) 9 and hence !~ = 1.097!
0

, ~h~re 1
0 

will reprP.sont 

the intensity for zoro aunsnot nnd correspond to the perrqnent 

unifo~ co~~on nt o~ solar ioni~in- radiation. It is 

d1 fficu1 t to r.econci lc the fact thnt solo.r act.i ·11 ty in E 

layer ioni'3in~ rndi'l.tion 'ttao only about 10." above its "~ero"' 

levol with th~ sol""r ""Ode1 in "'hich nnly 70.1 o-r- the radiat i on 

is eritted unifor ly f'ror' the visiblt> ciisc. Ho.-evcr, it 

~ees very woll with tho (B) model with only 5 to 1~~ 

attributed to a noli~ary nctivP ar a . If thi s hv~thesis 

of 11 JTini ·1 noasib1o lave1 of sol r activity is to be 

ncc~ptcd thon tho ::tr ~'""P.nt a.l ovn oo1nt.s in favour of t:he 

hypothesis th ... t about 15:" of the radiation ia el"'ittod from 

ontside th" visibl~ ~isc as a nr.,..,., n~nt feature of solar 

nctivity. 

'l'he ff"c• of tw n oc·ce o ton with difft!rin& 

recor.binatio~ eo~ffici ·nts h~s also bo~n conoirl~red 1e~ding 

to a vnriation in the effe-ctive recot:~l)in tion coefficient 

This f'nal ysi.s 8hOW'S that the n - 5 t m 
anoraly cannot bl" cof'lr>letolv "cco.,l'lte~ for on thio b sis, 

bnt cl.fl"'!'lV to n _.g1cct this -r-acto:r ~u.:;t len.d to a.n r- er-

@.Sti~qto of other fact~rs, such as fo~ oxrople, t~e atount 

of r~di~tion c~min~ fro~ outside the ~isc . Ho ev r , i f 

l ess thrm 1'51. of thQ radiation corr:es -r-rom outside th~ ;Usc 



- 150 -

nti one> w~re to take into account two species of ion the 

conclusion .,ill be the sa. e and cl.. w'i 11 probably hn.ve a v n.lue 
_P '2: -1 

ns hi~h as 1 x 11 ·c~~e~c or ~v~n hi~hcr. 

Conclu~ion 

The F. layer ~eaau~~~ents fro~ nraharnsto~n have been 

Johannesbur chlrin" the oclipsc. Uoin~ equation (2~) 

the variation of each of' the 'Parareters , f, q anif t:li. have been 

considered in turn in o~der to exnlain the W - 5t anoraly 
m 

which arisos as the result of the an~lication of simple 

theory . 

It is not possible to consider the effect of varying 

nl1 the p rayreters t oncll VTi thout .:lO e idea o f their values. 

'-towovf.'r, th. reoult.!J in.Hc te t:h-..t ttl£' , tt,.o effective recol!l-

binatton co~fficicnt in tre R layer, -u9t be ~s hi~h as 

-8 3 -1 4 x 10 cr aP-e • ftigh··r valuos thn.n thiu are oven possible. 

It ~•aa sho""n t~nt the recorbino.tion coefficient should 

a~proxi~-te ole ely to the value of tho ~issoc1ative recom-

bination coofficicnt of tha ~ctive ion in the E lay~r. The 

hirh value obtain d a~reoa with pre1ininary laboratory 

r:eo.suro-ents of the tiisaoci ativo t'ecombination coo!ficient. 

-7 3 -1 of nom~ iono, vhich inoicate v~lues as hi~h as 10 en ~oc • 

Finally, 1 t is not*'d that tho wor'l.:" of •m f~0 nnd 

~;·-pn, I( (19!16) shows thnt eua-pli'ko anor.t\lies which often 

anna r in h'f r~corda ~re 1ue to trnvellin~ disturbances 
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or a wave-like nature ~~1uc1n tilt~ in the ionosoherie 

layers ani'! causi~tt eohooe to be r <\tul."'ned fro Hrections 

oth~v than th~ v~rtic~l. Sinco ~n ccli~sc is eaa~ntiully 

a travolling dietul"b nee, ~T~l10 anti rtr~Im~ n (1958) h ve 

ahow that as o. r6sult of tha curvature so produced, critical 

frequencies r.ay not nv~1y to noint~ ovcrheado 1nc of the 

features ~f th~ recorda fro~ r.anc !ovn was the nu~bcr of 

"critical frequenci ?.Sr' which wAre observed. On oeco.aions 

u~ to oix c~itical fr~quencies could ba 3~en on the h'f 

record, three of which ~cr rro the ~ re~ion. It aeems 

lik ly that th oe · re ob1iqu~ reflections. The nresence 

of tho E2 l ayer, e~~~cially in tn early -o~i~~, at Grahaws­

to~ ~1-ht noas1bly owe it~ ori~in to oblinue echoeso 

GT..l ~DHILJ, (1958) has r'lcle a reli inazy analysis of 

the r•llD.S~.lr~T'I~nt~ at ~rah~otown and h~S ShO'It'n that it is 

unlik~ly th t r~fln~tio"o ~urin~ the r id1le or the ~clipoe 

"'re returned from noints I}Vcrhc d . Since they would be 

retnrned fron points 'llh<'r-c the ecectron :!ensi ty is neceasaril·: 

hinh r, it ae~ a likel~ th~t tho apoarent critical frequency 

Ifill be high r than tho truct one. This would ~1ve the 

ape r~nc~ o~ sor-e radiation co .in~ fro~ outsi~e the visible 

dioc. Con equently, the elootl'"~n ·'ens1ty indicated dur1nr: 

the ~~xi~uF pbao ia ~h~r than th~ trua one, but a ain thio 

-8 3 -1 
wm.1ld ou-:::roort the content iO"l that a value of oL of 4 x 10 Cl!l see 

or hiRhPr is quite ~ssible 

-- ---
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(c) F f1r.r.t"'~~ 

Introduction 

In Part II (n), tho varietion of the raxi murn electron 

dens1. ties in both the F1 nnd F 2 layers durin~ thP. eclipse 

~e~e considered on the aasu~ption that the sun is a uniformly 

radiatin". ~isc. lt was shovn that there was a DOssibility 

t~at the hei~ht of the ~nxirruL in the F1 layer eay hav~ 

varied . The rPsult would be ~ chan~e of shape of the l ayer 

:-nil cone~quontly the valuce of' q wroul d not refer to the sRoe ~ 

as on control dnys . In tho r 2 layer, whilst "the variation 

of the hoi.~ht of the axiru durin~ the P.Cli-otle v a not 

S$~ificant, the l~y~r is a fairly thick layer, nnd consequ­

~ntly it ~i~ht be noss1ble to deduce th~ v~lue of d( at 

various hoi"hte throu.1hout the whole P repion. Such an 

analysis would ru on~st others oli~innte any ereor s which ni~ht 

occur due to the v~lue of o refcrin~ to ~ifforent nei~hts 

durin~ the eclipse. 

Pi • 39 in Prtrt I, the variotionG at va rio1.1S fixed heh;hts 

in the ~land F2 layers wo-~ corp1red with the variations 

at fixed hei~hts durin~ the ecli~ae. 

(i) y
1 

1 yer. 

Fix•d hci~hts of 160, 180 and 200 1 U were chosen 

and Pig. 71 shows the vari-tion in el~ctron density for the 

control days together with the readin~s on tho cc1ipse day 

for P.qCh of th se thre~ heights . As tho eclipse occurred 

very naar thP. su·--Mer L•oloti0.e, t he F
1 

ln.yer critical frequency 
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w~s alwaya defined by a shnrp cusp in the h'f records . 

T'·e F1 layer begn"' to show itself usually about 0630, nd 

at 0645 it was present on thirteen of tho thirty contr·:ll 

d~ys, whilnt at 0710 it VAWuresent on twenty five of the 

thirty control d ys. On the ocl1p9o day it be~an to an~oar 

just after 0630 ~nd wns Plraady ~ sha~ cusu on the record 

by the tine the ecli~se be~an at 0645 . 

~rin~ the ~iddle of tho oclipse from 0730 to 0830 

np?roxi~ately, the F1 lny r was nli~htly rnas~ed by ~s~, 

ma~in~ thn det~rminPtion of the Kels~ dintributions in the 

However, as has 'ryroviously been ?"'cnti">ned, 

f'ro:u the retardation -produced on the v2 l~yt-r, it was 

pOO$ible to extrn:oole.t.e tho h 't curve bacv and esthu"te that 

the ~~imun nlectron dc~s'ty in the lcyer renchod ~ ~ini~um 

of 0.94 x 105 electrons per co3 nt 0807. From the Kelso 

diatributions bnfore 07~~ and fter 0830, it cnn be seen 

that the lr.tye,.. becal"le ver"'J t!1ick with the electr')n denoi ty 

at 160 and 180 1:1, bein.- V(!ry nenr to the maxil:mm in the 

lay or. This wa.e untloubtedly due to the fact thPt the 

hei~bt of the l~yer rnx1mu~ fell ali~htly ~urin~ the oclipse. 

Hence, in extraT>Ol'l.tin? the curves for theJJe heiq-htG between 

0730 and OB30, it io ~ssunod that the electron density At 

these heights did not fall rruch below the ~axi-ur in the 

layer durin- thct p~ri~d . 

(ii) ,[2 layer. 

TruP hei~hts of 220, 240, 260 and ?80 km wero chosen 
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and Fig. 72 sho~a +he ~ean v~r1~t1on in the electron ~enoity 

for the control d. :cy-s, to,..E'Ithor w1 th the ronrli'l~~a for the 

ecliu9e dev for ench of theae four h ights . 

E1Pctron-locs coetficien t at const ~nt heir:ht . 

0evcra.l wor :ere ( K'ITW t c:;ILT ... ILAIID and JHPSO l, 19'.36; 

SA.VITT, 1950; D!•n·nc, 1955) have Ct')ncludod fror! eclipse 

~e surerentn in the F2 18ycr that the electron-loss ~rocess 

in this re;oion follovs an ttg,ch ont 1-.. ,, the los.a-nrocess 

'b( ini7' l)ronort i01'lftl to the electron denei ty. It i s intcreetin~ 

therefore, to tnet the rosultin~ curvos for the eclipeo day 

to see if the dec y rlur1n~ tho eclinae nt~ ~l3tes ~ reconbin-

ation ~~ attach· ont-li~o nrocess . 

It is ssur-ed tha t th sun is ft unifo~lY radinting 

disc .nd the two equation which will be used for the eclipse 

dn 2 dt = f q - o<n {87) 

v .. ich f'ollo'lta a roconbin tion 1 "'• nd 

.9.1'! ::1 f q - Bn2 
dt 

(as) 

which follows nn attochrcnt l~w. 

If ~ttaehr .. nt 19 the loss 'OrOc~"SS, then 13 =p 1'1
0 

as in equation (88) 9 whore j8 is the ~ttaohrent eooffie1ent 

and N is tho d~nsity of neutral particl~s. 
0 

umeric~l 8olution of these two equntions wns 

c rried out j,n the uGunl WAJ' for each of' the celP-cted heir·hts 
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The minirur elP.ctron density turin~ the eclipse nt 

ePch hc>ight ~Nes us'!'d ~s tho criterion for detorr·ining e/.. or B. 

Various valu~s ~or ~ and B ~ rP tri~d uain? equations (87} 

:1nd (88), and whPn thP. thqoretica1 curve gave the sa c 

t.inirurn A.S thR t obs·"'rve:'l , 1 t was aaour-ed this deterrincd 

d. or n. 

Yi~r. 73 ahows the th!"ec e~rinmtnl curves for 200, 

V~t.1 ~nd 160 k'-7. , to..,.ethP.r vi th the three Ctlrvos ..,lotted using 

equn.tion (87) . f'i.~ . 74 ah'lws sir-il~r curves us1n·.,. equt'tion 

(ee). It is at on~0 aeon thPt the curves for the recombin-

ntion l q,w ("Fi;r. 7'3) (\nnrox:i,., t o r ore closely to th·•t obocrv~d 

than do th~ curvos ~or the ~tt~ch~ ont law. It in concluded 

thcrofore, that a recor·bin• tion tYT"~ of l~w r-ore nearly 

describ(s the !)rocoss of olP.ctron r P.I' oval in the F layer. 
l 

Tho valuoa of eL M~d B so foun·i do not vary throur.hout the 

Althour.h the nrocess of oxtra~olation re~ns that 

the r inirur ~or P-ach hei~ht is unc~rtain, reference to fi~. 

49 for the P1 l ayer r-axiruM shove that the V'\lues of ~ or B 

w~ulrl not vary t- uch 1 th nny rcaaon'l'hle varin.t ion o"' tho 

,.. ini u~ at !)aeh rwi~ht . It cnn reasonably be concluded 

thnt of re'l"'"lins fairly com1tn.nt throughout. the F
1 

layer. 

It i s noted that the value of ~ found for the >;; 
1 

l9.y r by 

this !"'ethod .~tnvo 7 
- 9 3 -1 x 10 em sec whilst the P1 layC'l" P'nve 

5 -9 ? -1 x 10 em sec • It aee~s possible that th!lre is little 

v rtntion in p( b~tweon i,he F. Md P1 layers . 

Si~ilar calculn+ions v•rc r-~ttie for each of the four 



1·5 . 

1 2-o 
~ 180km height ~ 
Ill 
c 
0 
L ..... 
u 
~ 
w 

1·5 ----~~~~ -- · --~-71Li--~ 
• ' ' / I ' ·(;} .l -· Observed' ·,_ , . ./"calculotedcx.=5x10 CIT1"" sec · 

1·0 ---- -·- - ---~-- .../~ . ,_._:_,; 

2·0 ----- ---·-- --

160km height I 
1·5 ·---·. - - - ·- - - - -------+-

~~served / ! j 
~ • I t 1-0 ------- .... - . ''-< .... / /*t~lculot~du.=Sx10-9~~j .. ~~T 

.___.,. I 
I 

0·5_~,.--=~---,=~---,.::=,_.-'"'"""'VV'---"-"=-~""-~:;::----.:;::;-: 0630 0700 0730 0800 0830 0900 0930 1000 1030 

Hours (S.A.S. T.) -

F i).!:7ll . F I Ia_,.,., .. t l ~<•n l'<•l it·ttl c·ul'l'<'>i fo r , ·nhu·:; ol' :t.. 

4 
• 2·5r--_;_--r--..,..----r-:--~-----------, 

x!O'!J 

1·5 

2·0 

1·5 

1·0 

Hours (SA S T) - ... 
Fig:?li&. P/lt\~'<'1', lhl'<ll'<'li<•nll'lll'\ 't':' ll•r ,·nh~t•,; nl' H. 



- 156 -

s~lectod h~ighte in the ~2 layer. The 't'osultin~ t.heoreticd 

curves a..r<? a}jol.ffl in 1""!·~· 75 ror vnluo3 of tll( , a"ld Pig. 76 

for values of B. The ~reer.P.nt between the eclinsa dat 

-results pn1 th0 snodted varii1tion 1 !'lot Vt~ry goon, but this 

c~n h~r~1y be exryectcd in vic~ of th well-known irre~ll~rities 

,.,f thi9 l ayer . Frot the two sets of cur.vos, thore aeerno 

little to choo3e between the t~o typas of electron-loss l aw2. 

It see~s tha t ith~r ni~ht be peaai'le. Figs • 77 M'l 78 

s~ow how the v lues of ~ a~d B deduced for the F2 layer vary 

systematiryally wit~ hoi~ht . 

The ~roat ~~iority or vortQra in thi s field have 

lit:1i ted th"'ir cnl•1clations ;'>nd conclusions to the obs,..rv tion 

of critical fre<1nencies . Tho ·~ !versity o'f th recult3 

obtained ahov thnt ouch rn~lyo n cnn h&~ly rri vc ov n a. 

the ionoi'Jnh ,..e . 

SAVI TT (19?0) undertoo~ an annlysio si~ilar to thqt 

lik') ly 'O!'OCI?SS t~1an recot"'bination in the F
2 

layor. ~'ore 

r ecently MI •lftS (19?5, 19S6d) hf's commtod th vnriat ion of 

el~ctron density ct canst nt hPi(ht in tbe ·~2 layer. Althow.h 

he was unable to ~"'"~1<e n detail~d il'l.VC3 ti""~ tion of tho electron 

den~ity bnl~; th~ F1 ~~vi~ur., he vas sblc to oatir ~ te th t 

the vnl'H) of o( of 8.? x 1·1-9cn3sec-l n:p-plied to a heiP.ht of 

170 m. 

.:.'h :Ufl .ribut ion o f o( wi t "l hai~t h!lS a lso boen 
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cnlcul~J.ted by SS/.T-')'f (194~) from the iliUMal varif\.tion of Jf 

(19SS) hnv esti mated ~ A.t various h c i P-"hto fro.., the result 

of rock~t reasurc onts . 

f,Jn'TY and TPO'AS (1956) ho.ve deduced that the el~ctron-loss 

nr.ooess follows an ~ttach~ent l~v in the F2 layer and vnlues 

of B hnve OCP.n ~equc~d ~rOM th n1~ht-t1me distributi~n or 
el Pctrona at various ~lac~e. T bles ~ and 23 shov the 

·valuos of ~ ~dB an deduced here~ co~n·r~d with those deduced 

fTe1:th1 "~ec . 19?4 J.finnis, 1952 •·eaton, diurnfil 'Ht'vens ct al! 
F.cli. -p e ~clinoe chnn::e in ff rocket 

Vl~asurements 

120 7 7 10-9 -9 8. 0 X 10 5 X 10-9 1.6 X 10-a 

1?0 1.6 X 10-B 

1r0 5 X 10-9 

170 3.2 x H)_g 

180 ~ X 10-9 Savitt, 

200 5 X 10-9 1947 aclinse 2 X 10-9 

220 4 X 10-10 
: :X 10-9 1. '3 X 11)-9 

240 1.5 X 10-10 1.5 X 10-9 ( .!ax r
1

) 

250 1.; X 10-10 

260 5 X 10-11 1 X 10-9 

?.qo ~ 

X 1 0-11 6 :X 10-10 

3"/) 4 X 10-10 1.6 X 10-11 

'320 
-10 8 X 10-ll 2.? "I( 10 

( ~~ .... v F ) 
2 

Inhlo ?,1 ; Vqlu~n of Dl (cm3sf'C -l) a t vnrioun he1 '{ht3 as 

1ej~c~1 b~ oov~ral ~or~ers. 
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Hei'""ht Dec.l954 S11.vttt 1957 Minnie 1952 ";atcli ffo et al, -r::cliryse Eeliuoe & June 1954 1956 
Eclipse 

160..180 ~xlo-4 

2r):') ~xlo-4 5.5xlo-4 

220 7xlo-5 -4 G.5xl0 1. 5:do-4 ) 1954 
2.4xlo-4 )eclipae 

240 1-,;10-5 5.8xlo-4 
1.'3xlo-4 

250 5.0xlo-4 -4 2.7xl0 

260 -5 2xl0 5. ·'"lxlo-4 
2.2xlo-4 

2~0 lxlo-5 4.2xl0-4 
1.5xlo-4 

300 3.5'1'10-4 2.5xlo-4 lxl0-4 

3?0 -4 2.9xl0 7xlo-5 

~50 ·9.0xlo-5 4xl0-5 

~'10 6.0--tlo-5 lxlo-5 

Table 2}: Values of B~Seo-1) nt, 

by Dcvern.l orkent• 

The VPlu .... s of' cf. de~nced hP-rc corn· r E' rout fnvoura'bly 

with th.,.rw eeti'~" '\ted frot!\ roc}-ct r-ea.surA""f'ntn b·tt are lower 

by n f~ctor of 10 than tho ('!c;~uccd by Savitt. The v~lues 

of n ·rein all cases lov·r than those detor~ined by other 

Howev~r, the -coat inter('t"tin~ f~nt,ure of' th~ vnluos 

of ~ a.nd B as deduced fro"!! this ecli -ose ..,h~re it hn.s been 

possible t~ evaluate the chAn~ca in elPetron den~ity·froM 160 

to 280 kcs, is the rapid 1ro~ in ~ and B ~hove 20~ ~e . The 
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v~1ue or (7(. 1.ropa by n factor of 10 in tho fir!lt 20 'km a.ncl by 

n ~actor of 111 in the r1rot 60 km. The v~lucs of B dron by 

a factor of 1 ~ in the first 50 km. 

This ra~11 1ro~ in ~ orB au~ge~ts th1t the F1 and F2 

l~yers ~i~ht o ·e their ori~in to tho sn~e oourco of r~diation 

ioni3ing the saae Atroopho~ic con~tituent, the r ~i~ 1ecrease 

in ~or B in the F2 laynr r,ivinq rise to e second Maxi~u~ or 

el ectron denai ty. Thi.l su.,.~e.ation wi\D firJt ntade by 1~~DB'J~Y 

(19~8), who su~~csted th t the F2 layP.r i~ht arise as a second 

maxi~u~ of the F1 l ayer ~u· t.o the slower rcco~bin~tion at F2 

heiRhta. B~T~S (1949) has shown t~at the source of radiation 

which ~roducca the P1 lay~r could nroduce the observed r te of 

ion pt'oduction at ? 2 1 ei~bts. ThP. reonlta shnwn here nre 

ocnsictcnt with th theories or Bradbury ~nd Bate~. 

Th·re is +he noasibility t.h~t the r~Qid dro~ in ~ or 

B " 1-ht boa con~eouance of Kelso'o ~cthod of oePli~~, bu~ it 

seer:J unlikely to a-feet fuch thn va lu,..s at 260 and 280 ~. 

Certn1nly veleo 's "t"lothod ... J.,{es the alectron density deduced 

for 220 ~ unreliabl since it io so noar the F1 layer naximun. 

A~othcr fBct~r v~ich ~i~ht ~ffect tbe vnluea of ~~d ~ is the 

fact that Xelso's r~thod neF.lccta the effect o~ thee rth's 

that a fi~st order anproxi·ation forth~ effect of the earth 1 s 

Tl'f!gnotic :field to (h) curves n.t atheroo (30.3°S., 115.9°B.) 

nnd !ilou"th (51.5°l'f., 0.5°'~) deduced by XETJS') 'S (1952) ~ct · od 

io obtained by reducin-· t.hc hei:;ht~ <\educed by 10 ~. The 
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latitude of Grahsrestovn is ~~019 s., which correspondo roUPhly 

to that of ~ntheroo, an~ eoneeQuontly such an a~nr.oximation is 

Hovev~r, the result \lli'ntld only be to 

reduce the hei~hta to which the values of ~ ~nd B refer at 

Grtlha"~sto\m by 10 km. This wo· ld make ther. even lo'W~!' than 

thoso :loou~ed by other r1ea.sur~ c-nta, but wo•:ld etill indicnte 

that t.hc vttrinti ~n with heiP:ht is the same. 

Electron-lou ~ ~rocosa in the F region. 

1n vie'-' o'f the oba~rvod Vt\riation of the loso coGfficient 

with heirht in the P2 lty~r, i t i':3 interestin~ to see how this 

can be acc,,untod fo!' on theorotical ~rounds. 

(1946, 1947) hnve conclu~od that tho lous coefficient~ could 

only be R.S tJ:l'Etat as thoo(' meB.sured in the P rPgion 1 f dissociR.ti ve 

reco~bination was imnnrt nt . In the hi~her pa~ta or the 

a.tr. osnh~re they sur>posed thnt to' ic oxy.v,en Wl3S the tonioable 

constituent and ths.t thor~?. .,.,ore noleculea XY (which r.tight 

poJnibl• be O?),to which ~ooitiva char~~a could be tr nsfcrred 

fM. thQ nt., ic ions. The ~roc~sseo o~ornttn~ w.tld thon 

bo:-

Production 0 + h~ -7 o+ + e (i) 

( + + XY ~ 0 + XY+ (ii) f) 

Loss ( 
+ f ~ y (iii) \ XY + e ~ + 

If o as before, is the rate of nro1uction of electrons ~nd nositive 

ions by ~hotoionioation, ( orocess (i)),l et A1 n(O+)n(vy) 

represont the rato of char~e transfer in )rocesa (ii), nnd 
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A2 n (XY+)n(o) b the r ate of the dissociative reco~bination 

in vroc•~n .. ! ( i 11) • 

n(e), n(')+), n(XY+) "t"epr~sent· t he density of electrons~ 1)0Sit..ive 

ato~io oxy-en ior:s , P~~ ~ositive r.~lP.cular ions resnectivelv. 

The equ~tions for tho VRriat ton of n(e) ~~d n(O+) qro, 

follo111n~ ·: <::>::-EY r.an'l BH11''0P (1952) and .,~,.r~r,r..,r~· (1956), 

(C39) 

(90) 

d (o+) d ( ) Un~er equilibriu . con1itione ,ndt = ~te = o, and stnco 

the nu-bcrs or ryos itively nn~ ne~ativcly ch r·ed ~articles ~re 

counl 

If (i) 

(ii) 

q = 
A 1 A 2n( ''Y) n2 (e) 

A1 n(XY) +A2 n(e) 

A 1n(XY) ~A 2n(e) 

q = A 2n2 (e) 

A 
1 

n ( XY) ~ A 
2
n (e) 

q = }\n('O')n(~) 

(91) 

(92) 

(9'3) 

(94) 

CR.Se ( 1) ohova thP. loss-..,mcass to be tlccordinp: .t'l R r econ­

binnti1n l~w s ince A2 is~ constant, and this occurs at 

hct--;hts •.rhcre n(YY) i a l~rg , ,.,"lich in ~bvi 'lusly t the bier 
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Case (ii) occurs where n(XY) is small, and applies b 

~reater heights, when the loss nrocesswill follow an attach­

ment lnw, since n(XY) is constant at a given height . 

The tvo enuations show thnt low down the recombinat.ion 

coefficient is anproxinately independent of hei~ht, but hi~her 

un ~hen an attachment lqv is ~ollove~, the los~ coP.f~icient 

will decrease ~ith hei~ht as n(XY) decreases with hei~ht . 

This iR e-xactly whe.t hPS been round on the analysis 

of' t .e elf.lctron density "t conotc.nt hci;~ht. ~asc (i) will 

refer to the F1 layer where the recoMbinP.tion 1 w ouerates 

~no ~ is in1enondent of hei~ht. Case (ii) refers to the F2 

layer, ~d althou~h it vas not nosoible to di;tin~ish botveen 

the reco~binetion en~ qttac~~ent c soa in this eclinse, clearly 

on thcorPti~~l ~rounds, the nttAch•ent lnw is fS\voureti . 

This result a l so eonfiM the conclusions o'f other worknrv, 

~r~viously n~ntioned, that the el~ctron long process in the F2 

layer followed an ttaeh .~nt l aw. 

It is thou~:~;ht that the '1olecule XY l"lir:ht be o2• In 

t'1is case the loss coefrictent would decrease with height in 

the aace way es the number of oxygen ~olocules ~ecreases 

with hei "'ht. 

-qr,T~r;rF"F.'f. et nl (1956) h!lvn oerluced that the loss 

coefficient k (attach~ent-like) h~o the form 

(h - h ) k = lc exn o 
0 50 

(95) 

and thus decreases with height with o. "sc?.le heis:t~t '' of 50 lrm. 
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!H~0L.~T nnd :· .., ~•fm {1954) hnve su~~ested that un1e-r the joint 

ef'~octs of ""~hoto-d.isGoci8tion and di f"fusion 02 would be 

distr-ibuted with its norMal scale h~ip:ht in the F r.,.~iat.t. 

D!\'i''":S (19?4) hns extrapolated mensurft'~:tents ma.rle by rl')ckets 

to the P region and h~s concluded that the sc~le height of 

"12 (which \olt~Uld not bo "'lUCh 1'1 1 fferent 'from o2 ) is Rbout 30 km. 

The value or ?0 'l.rnt obtR.ined by "'1atcli 'ffe et al is mort> nearly 

that of 
,.., on the R model of DAtes. 

The loss-co~fficienta obtained fro~ the eclipse 

m~~1:mre!ltents very nearly fit the eq't:m.tion 

h - h 0 

28 
(96) 

thus tfecreasiAA 'tiith a "scale heightu of ?.8, \'lhi.ch a~treos 

v~ry well with th~t of o2 or N2 on the n~tes R ~odel. 

't'h loss-coefficient deduced from ni~ht values. 

!t i$ ""'OSSible to deduce the loss-coefficient, B, from 

the night time variation or n at constant hei~h t. At ni~ht 

<1 = o, so 

(97) 

and consequently B MAY be calc~l~ted fro~ the variation of 

n at fixed heights flnring the ni~ht . 

A Klanca at Fig. 39 shown that during the ni~ht there 

were ti~~s when tho electron dennity increased at soma 

heiP.hts ~s~~c!~lly durin- the e~rly ~ornin~ hours. 
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?ig. 79(a) shove the v·~riation of el~ctron :ie11sity during 

the ni~ht from ?.0~} to 04~0 houra. In ?18• 79(b), the 

cort'esponding ~J( t) Cllrvo ic drawn. Trie. s~ows the vn~intion 

of olcctr'm -'!eneitY at conntant hoight found by ;,Vflr.agin g 

the v·· ri~ tions from irldividua l nights "'t each hoi -;ht . 

Tho incre~ses ~n electron denoity tre not so nronounced in 

these CU!'VPS • Fro~ 20JO to 0000 hvurs the electron dersity 

at 11 he i -hta fell fnirly unifo~ly and u~inr, oquntion (97) 

Tioe HeiP:ht (lcm) 

260 2!10 300 320 340 

20/2100 7. 34 8 . ~5 6.89 6.10 7.95 

21/22r;o 0.95 7.81 7.43 ?.90 4. '39 

22/2300 - 4.27 ~ .1-1 ;.t;R. 4. ~·0 

2'3/0000 - .+.?2 2.84 -::.27 3.51 

00/01')0 - - - - 1. 94 

-
·~een 9.1 6.2 5.1 ~-7 4.4 

Table 2~: \' ""ria.tioh of B (to-5sec-1 ) at cnnsta."l t height 

~ do<luced fro·.:t ni..,.ht valuP-s. 

Tnble 25 co:np•1.na t.hes results 1i th t i'ose deduc~d 

from the e~lin~e nd also tho.:.e dedueed by rt"rCI.t Pf'' et al 

(19S6) fro simil~r ni7ht-t1me variations. 
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J.tei <r.tht (km) Eclipse •rtght natcliffe et al. 

220 7xlo-5 

2~0 4xl0-5 ;. 'l!'~lo-4 

260 ::>xl0-5 -5 B.lylO 2. "xl0-4 

280 h::lo-5 -5 6.2xl0 · 1 . 5xl0-4 

301 s.lxl0-5 lxlo-4 

~20 4. 7xl0-5 7xl0-5 

;40 4o4x10-S 4.5xl0-5 

Table 25: C3mp~rison of valuos of B (sac-1 ) at vari~us heiahtso 

The v~tues deduced from the ni~ht-tice vari~tion 

of electron rtonoity ar~ Pbout 5 ti~cs hi~her than the eclipse 

v~lues but still low~r than the ni;ht values of R tcliffe 

ot nl. 

?.atelifi"e et al hn·'e nl00 n?ted that in ye rs of 

~urin~ to~e ntrt or thn ni~ht . Their results WPre ther~fore 

b~oed ?n yo~ra o~ hiPh suns~ot n~~ber. Table 23 shows th~t 

tho hir.hest values of B fr1~ eclipse ~aaur~ent3 arc those 

of Savi tt in 1947, a y nr o? hi~h ~unenot nu~oery whilst the 

low~::lt Vl'llUl'\S of ~ :\re tho e foun•l :"or this eclinse, a yeA.r 

of low stnapot ~u.b~r. 

f~~ 7a1le ?.4 for the ni~ht-ti~e v~riPtion of elcctr~n denni~y. 

It see~s li~ely, thnTefore, th't ~ove~cnto of electr~na, 

•Jhich A.rP. "l·"l~...,"' to -olny n t~nortnnt no.rt in the "F 2 layer 

( • RTI!?, 1955) "'rn consi1erahly di ~'ferent in years of sunspot 
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111nximwu nnd sunsoot rniniMUt'! an1 t"i~ht ~ive the false 

imnrcssion that B vrtri~s with snnsnot activity . 

"!omryt:~.r1so>1 of T' an.-l v
1 

measurei"'ents. 

Mt~iTS (195~, l956n, b, 1957) has noticed that the 

ni..,ultnnaouo chnn~~s i.n the F. and F1 lay-or critical frequon­

ci3s duri rq several eclipses are very sil'llil~. If such 

c1• np;es 'l"'e to bf' a.ttrihut~1 to the occulta.ti(ln or uncovering 

of briRht re~ions on the sol~r 1ioc, thon it seems li~ely that 

th('J sour.~J"O of solar ion1sinP" radiation 1'or the two lJlyers 

In fact, Unnis h IJ fryund th·1t on 

~ vernl &clip9cs a srylar model he hns no~tul~ted to explain 

the T' l·,.,yer neanureT"~nta, C"'n aJ.so t:>X'ilain the F1 layer 

measure:1ents , the ~osition ~1 intonsities of the sources 

bein,r.r the same f0r eac~. l:·wer. ·n r IS (19?6 c) h~s shown 

th~t if this i8 so, it lends to imoortant concluoi on ~eg~rding 

the r~tio of the reco~lin~tion coefficients in the two 

1· yors . 

If the diu'rnal vari-tion of the critical froquencies 

(ga) 

(99) 

for a Ch~-p....,o.n ltl.yer m := n = , but it 13 w~ll-1rnown that 

the l.ndex m n.nd n do "Pot follow th" si>11plo Chao:::tan relation. 

Pr--.>vidin~:o: A is not too 1~ rge, cqu·.tiort!) (98) and (99) can be 

mo~ified to give a r~l tion oe'twe n t
0 

'3 and f
0

F1 
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~oP. ~ ~ foP + a(1-~) 
bn 1 n 

(101) 

Fig. 80 s~ows ~lotu of lo5 cosJ(versus loR foE and 

lo~ foF1 for the three South Africnn stntions, nnd from 

the$0 Pra:>hs 1 t is "lOSoihl~ to deduce the constP.nts a. b, 

m and n, and c·m::.equently A And B in equation (100). Table 

26 below shovs the value~of these const~ts. 

Station a b m n a.fb mjn A B 

t:rahrw.~stown 3.'39 4.44 0.295 0.17' 0.76 1.69 1.28 -2. ~4 

.Johannesburg 3.44 4.47 0.30 0.17 (}.77 1.76 1.36 -2.62 

Caue Town 7.44 4.41 0.28 ~-13 0.78 ~.15 1.68 -3.g2 

Tablo 26: Const~nts in !gUBtions (98), (99) and (101) 

deduced froM diurnal vnri~tion of foE and foF1 

If durin~ an cli~s· the intens1tios nnd nositions 

of the sources of ionisation is the s~e for the tw~ lPyers, 

there should bP. n simple relation between foE and foF1 , as 

for ex~rnle in equ~tion (100). Unnis h s fo: nd thPt 

eou:--tion (lt)O) hol~s durinP, ~n eclinse, lnlt the constants 

A and B 3.'!""· n.ltered . Pi~. 81 thcrorore, shows nlots of 

!t is noted th" t nt all three ~t ... tiohs tho Y>Oints 

for the Vl'luec bf\ f'ore the Dflximun nh!l..se do not seel'1 to lie 

on the sa e line s those after H te '!lal'in u f'1 ;h.- se. In 

f'act, at Graha:lst.owl"l and .. hhR.nneoburg thor;e points seem 
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stranffely out of placo. ThiSTlay huve been <1ue to the fact 

that the F
1 

layPr ~t all the stations only just bPgnn to 

show it&elf at thP start of the eclin~e~ and ~Y not h~ve 

been l')ronerly for.1r.d nnt il the eel i psc was well un<lor vay. 

Ho~ vcr, the pointo after the .axi ua h~ne nt ~11 three 

stationn li~·vory nicely on a strai ht line. It is ~t 

once notic~d thrt tho constants A and B for the. e lines nre 

s om wh<1t 11ff rent froM the control v~ltlea . Using ~ubscrints 

E and C to donote the ec11nae and control veluesbf A and B, 

Table 27 o~ovs these values deri~ed from fig. Bl. 

~tation A'£ 13.~ 
' 

Ac Be 

Grnhamatovn (). 75 +0.01 1.31 -2.A6 

:hh 'l:..'lnes burg o. 7'3 -0.03 1. 39 -2.74 

Caue .rown 0.70 +0.12 1 . 60 -3. 60 

Ta. le 27: ''slues of A M1 n deduced t'r"m eclipse 
and cont,...,l do.ta 

During th~ f'Clioae the value of D ho.s bccone 

1 oet negli~ihle, which indic"'tes that m = n, and innis 

has C">nclu1 d +hnt l'loth layers respond in alttost the eace 

wr>Y to ch:m~ s in the intensi tv of the ionie1n~ rn.diation. 

The fact th:-t m = n durin- the ecliTlee indicates th1lt the 

index of cos J( ~os becomo th~ same for cnch l~v~r. This 

could p~rha~3 be ex~l~ined by a change in ~0 in the F1 

l ayer ~ue to the l~y~r nxi~~ chan~in~ its hoi~ht. !f 

q
0 

is ns~ul"'erl tt. constant, then thP. inr'lex of coo A w~mlti 
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Ho~ever, ~innis h~s Ponu~ed th~t the rr~ctional 

obscuration of tho 1onisinv radiation is the sa"e for both 

the B and F1 lnyor3 ~a ~ result . Conscqunntl y , he has been 

r1ble to show ( '!I .It) , 19?6c) that the ratio of the recom-

bination coefficient9, the rates of electron nroduction are 

4 qoFl (qo/ ) 
b2 R 

... o(. F 
= ;tpl --- 1 :::; - q E - 2 0 (qo/ ~ )E a 

(101) 

Thus it ny be conclu1ed thnt 

"'F 1 = D(I.' (~ )2 (102) 

ow a/b is tabul"l.tod in Te.hle 26 for the three st~tions os 

dedu~ed from the diurnal vnrintion. Since B is almost zero, 

the val,le of A ilurintr t.h eclip~e ... lso corresuonds to a/b. 

T~hle 27 ah~~o thPt th ~e v lues ere rot si nificantly 

different fro~ tho3e d~iuced from control drta. 

the avor~o value of alb AS o. 75, thus 

(103) 

·r~o values ore(B vere deduced in P~ 1(n) according 

to two di~ferent solar nodels. In the f irst instance, if 

it is ~s~t~~d that ~11 the radintion coMes fron the vioible 

-8 "3 -1 disc, oi.. E ~::~ 1.5 x 10 c sec , nnd consequently 

-9 3 -J 
= 8.4 X 10 cM sec .. If 15.: comes 'from outside the 

I -P 3 -1 
sol r disc, 0(,. l~ = 4 x 10 em sec <:~'!'ld thus, 
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J -3 3 - 1 
~~ = 2.2 x 10 em sec • ' 

Howev~r, it see":le th11t sortous 
l 

cr~ors nay be intr?duced when de~lin~ only ~ith critic~! 

~requenci~s in the P1 and these would be eliminated to 

~ certain extent bv consiJ.orin~ the chllnpes in electron 

density at v ri~ue ~ei~hts . Thr> r s·tl ts froa l'}rah no town 

e.re inconclu~i.ve since the V"lues of f oF1 are extr~tnolated 

tor an h?ur durin~ the middle of the eclip· e. tl(h) curves 

were not dcauced ~or the other two stati?ns. 

Radi~tion from outside the visible disc. 

If t~e cnnclusions o~ Minnis that the frAction 1 

obacurntion or the io~ininr rndi~tion is the sa~e for the 

E and ~l loyers is nccepted, it seers that this conclusion 

should also ~PPlY to the F2 re1ion. It h s alr ~ Ay be~n 

~cnti·)r. d thr t 1 t see...,s 111<,..ly t.hn.t the P1 and F 2 layers 

are for-e~ by tho enme ionisin~ rndi ~ ti0n of the OP e 

~iGs• 75 e~~ 76 tor the ~2 lay r 

tv rin1s ~ei htn ahow hat the sol r o1el with Yest li~b 

brighteuin would h·.~rdly t"Ccou-:tt f'>r the changes in oloctron 

<!ensit ·• In ract, it W·:>Uld oe !1 ore likely that these 

wP.-re d r 1• ''ling at thn wes t 1 i b~ However. the model in 

wl-1 ich 15"' or the rP Uation conea from 'll.ltsi·1e t .-a vi !blc 

,Usc w s o~lio1 to the r. re«fon to see if any better fit 
2 

to the results coulli be obt'lin~a .. The res1tltinQ,' theoretical 

curves for vnriou~ values or B vcre hPr1ly different fr~• 

tho3e oh1vn in Fi ~ . 76, exce?t that the valueo of B at ~ach 

h i g ht were fl!'>lH'n~itrntel v tYiC~ as lnr;s:e as thooe ded11ced 
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for ,. unifonly rndi··tin::t disc. ~o closer fit co~ld be 

obtainecl nnd th . rosult.in.,. values or "'B are still lo1-1er th'"ln 

thone or ony other nrl\vin1JS estiT'l"'tes. 

,·nown to ">1~ an i"iportant D~rt in the F2 lPyc.:r, it seems 

cle~r thnt ~a~e cons11~r~blo Move"ent of electrons ~uat 

Tr!O ~~: S nnd. ~t')BBI"tS (1956) have shown 

that th movcnents in the ~2 l~yer 1urin~ ~~verRl Pc1 i"'ses 

were sinila.r t·'l those which took lace iurin~ the 24 houro 

of the dny. 

ents in the v2 l~ve~ durin~ the cclinse. 

If ~ave·ents of electrons take nlace in the F2 lay~r, 

the ionos .,.,hnric continuity aqu'l.tion at flnY hei::rht muot be 

o1if'icd to 

= q 
0 

vhl"ro A = d (n.Jt!.) 
dh 

-Bn- (104) 

an1 w renroacnt th un~nrd t.rans..,ort velocity of electr ons. 

As wi ll be seen in Part II! of this thesis, there 

ia rcns'>n to '..1elie vo fro~ l"t"\ ·'1~1ys1s of the contr?l dnt 

th~t the P2 re~i~n is an isothor•nl r~~io~ of conotAnt scale 

hci,~tht a:> th t n \!Jill be "':iven by •::!ha:-:>man 'a equation 

z I 

q = ~0 o~ (1 - Z - G- occl( ) 

4ihere q0 = rBtc or .,.,roinctirm of lectrona for "]<= o0 

and z ::: h- h 
0 

'~ .. 

(105) 
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where h
0 

is the hei,"Jht referine to q
0

, and H is the scale 

height o~ the atmospheric constituent ionised. 

By making aasur.n;>tions as to q
0

, h
0 

and H, and the 

var.i'lti~"~n of q
0 

d:.trin1 t.hc oclipae, it in possible to deduce 

the rtagni turle of t.f. This has ~en consi~ercd for five 

different eclipses by '1''1'')1'1\S nnd R1Rnr 3 (1956). The 

ou~oae of this snction is to coo~ara the m~ve~ents that 

n. i l'l'ht h~ve occurred during th io eclipse with those deduced 

by Thnnas ani ~obbins. :tt see"'tD be:.:t, therefore, to make 

tho same nseunnti"~ns a.!'J thev ha.vo Mnf.Jo fo!' the ":lurvose of 
. 
co"parisfln with their results. 

It is nS.;\UT' ed that :B h"\.s f:! variation with hei.v,"'l t 

. -4 t .\ -1 B :: 10 4-~pt)OO - h,; ft.ec 

Z = h - 1no 
45 

50 
(106) 

(107) 

(lOB) 

vhere ~ is the ~O"lthlv !lvera.gc rnlfltive Zurich sunsnot number. 

Thene a.s .. mr.t.,tin"lo i•'!'l)ly that the 'F
1 

nnd F
2 

lPy~rs 

owe t.heir orirtin to the sa!'le source of' i,.,nisinc:t ractintion 

w~1oae ?f.Hlk of" elcctrr>n 1Jroduetion occurs ~t the F1 lnyer 

mtt:"T.im:um. The values of 0 1t:rply tha.t .I..~ = 5 x l0-9ctl3sec-l, 
0 r 1 

and that the D(•ak of the F1 l'lyar occurs ~t 180 km when X= 0°. 

From the control data, usin~ the no~n vnlues of N for the 
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J -9 "li -l F1 layer, and ~ = 5 ~ 10 cm·soc • 

_-x -1 
q

0 
= 301 em ·sec 

~d h 0 = 20? 1
"!'J. 

For ~ece~ber, 19?4, R = 10 a~d hence q as deduced from 
0 

equn.ti n (108) is "519 crt3sGc -l. The absolute v~lues of 

~ mny th~r fo~e not an~ly to the control and oclipse rendinP.s 

in this CA9e i f the valuns of ~~tcli~fe et ~1 ~reused, but 

by cvrolu111ti"ltr (·~E - :!0 ) the d.ifff' r E"nCf' in the "'lovement terns 

f'o-r tl1e ncl; use rrnd control d.,vo, the a,o3u1nti0ns "1'\c,e do 

not a~fect the nna.lysis. D1'-rin- the ~cl~nse it is A.ssumed 

th.;.>.t the 8 m is ~ tmi f'orr.Ily radiutin~ disc and q l'llU~t be 

rer>lnc~d by ft'1 . 

'Fi""• q2 (P) shnws the "W.n.f"Yli t\t 1 es of ~ for the 

contr0l ~nd ccH nse davs us in~ equt"':ion (104) , whilst Fi~. 

82(b) shows A~~ = 1~R - ·'c• the difference i n the ..,ove"'lent 

term for the ecl5pse and control d~ys . The resulting curves 

show that the ...,ove .,en to w~ich occurred durin-; tltis eclipse 

This seens to in·Hcate t;hPt such !!IOVct.ento hnvo some real 

'F' l~.ycr. 
2 

The nove:'lflnts descrihP.rl in the nrevi~us Iwct1on 

Assumin~ thnt the lose coefficient follows nn 

attachMf'nt 1~\i in the F 2 hl.Ycr with values of B '1D in equation 
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( ) 
-A -9 ~ -1 106, and th<t ~ in the F1 l ~ynr is 5 x 10 cm ' sec , it is 

possihle to evalu':lte , for each height in the ? region ~nd 

consequently -""'tor-nine the ''shnne" of' the ionising 1nyer. 

Vari~tio~s in n fro~ si~ple Ch~p~nn th8ory ~i~bt then be 

a ttributed to terrn~r.'lture ch~.n!{es . Fi:, B3(a) shows q 

v~rsun hei~ht curv~s for vari 0us ti~es on the control days, 

and Fi~. 83(b) ~hows the corres~onding o(h) curves for the 

ecliuse. 

The control day q(h) curv('>S show thf'lt the lf\}"er is 

However, tho eclipse 

curw• show aone rttl"'nrkablE" fontures . Al thontr.!' the curves 

for 0745, 080'1, o.nd 01315 t're extro olated in the F1 r--gion, 

they show that dur5.nr, the el i.-poe the l P.Yf'l" became very 

thic~, ~~~ th~t. the hei?ht of th .ax1~um rate of electron 

oroducti~n r~ e nurin~ the ~iddlo of the ecli~se. G!,' "!)'!ILL 

and t;i7, ·~~ ~"'n,:r (1947a., 1950) ht"vc considered tlte effect of t\ 

A e:lance 

t the curv,.s drawn by Gledbill nd Sz~ndrei shows that to 

distol'"t t.he l 'lycr in t~is fashion wonlcl require (~) an 

increa.oe in te ·-pr-r, ture at the bn.se of tho l~y~r, t'nd (b) a 

considP.rnbl e :ncre se it" t he te"'-p rat uro i'rf\ditmt . 

To eJC'i)1P..in thaa~ '"'OVe""~nts thoret'ore, on teml' rature 

of te""'lnern.tnr~ durin-r tht.. ecli we , whicJ.1 "'lU t be rej ected '>n 

~rounds of co ·~on-sanne. 

~o~ard by T o~·s ~~d ~obbin~ rel teo the ove ~nts to tbe 
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effect of the eclipGe in the lover n~rto of the ionosuhere. 

The ecliuse mi~ht decrense the conductivity of th t n~rt 

of the ionoo,he!'e in vr.ich tho ~eOla(;r>Ptic S currents flow, 
Q. 

and s a rNml t;, ~n ele~t:rostf\tic nolat'isf!tion r:ti ~ht be 

built uo in tl·,ia regi?n which wnu1d nrodu~e f'. f'iel-i in the 

Thi"' field, crossod with the Parth 's c~"tgnctic 

field, W"'ulrl c.,u e the lnv,.r to 'llove . 

Ho~ev-=!r, s11Ch .,ovements nust be viewed with cn'lti ·m 

'I'he w~rk of ... J "10 and HEinL·~~ (1958) 

has shown th t due to the curva ture nroduce~ in the 

ionosnh~re do.1rinor an eclip e, rof'lections r.· be roturned 

fro~ nointa other th·n the VPrtical . OL'-"'D~:rLL (1958) haa 

::~"'"'lwn tha.t tha rC'flnctione mny nui te re sonnbl y hQ.ve tf'~en 

r a ther ., devious p th throurch thn ionoaTlhere . As has be8n 

pointed out by ~'unro and Rei sl cr, nl by Gledhill, thin 

in·Jicatc$ that th nc .lin .,. et~ oda o"f '7}~0 (1952) And 

oth rs re not valii urin~ n eli~ ~. 'rh,. .. o T> a rent 

ov~~c~ts ni-ht thereforo o~ly be nrroro introduc d by the 

a~-plicntion of Kelso 'e m tl;od of (led•1cing r.;r(h) yrofilos. 

Conclusiol"s . 

An analysis o: the vnriRtions in electron density 

nt fixed hei ~hta in tho F r •pion hl'\S shown ~h!!.t :l.n the F
1 

1 .y r n rcco~rinat j~n ty~e of P.l~ctron-loss )rocesa is 

followe", the rccombinntion coeffieient hein :r indepen,lent 

of hei ~ht . 

attach~ent l~w seen pooaible, nnd in both cases the 
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coefficients 1educe~ deere Jc in n regul~r ~~ner with 

height . On theoreticnl grounds the attaeh~ent law is 

fa.vourod . Althou~h the ~lues deduc_d 'lre sonewhnt lowor 

than tl,ose of othE>r worl{P.rs, they ind.ic~•te that it is 

nossible th~t the F1 and F
2 

layers ~1~ht be formed by the 

sane rndiation i~nisine: t.he same constitue!'lt 9 but tht~t " 

s cond ~ ~innn o~ clectrQn density in 1roduccd above the 

F1 lay•r duP. tt) the r~T)i'' ecro se of the loss-coefficient 

with height . Co~parison with the losj-coef~icients deduced 

froc the ni ht-tine variation of eloctron density at fixed 

hei""ht n.ga.in p;ive-, valu a lo~o~er t.han previously oetinatcd. 

A~p~rently conside~ablo ~ove-ent of electrons mUst 

to.ken nlnce in the P 2 lnyor ·~urin,.,. th ... ecli-nse nnd 1 t ia 

found thr.t they nrc si.,...ilnr to thooe euti:Jated by Thooae 

ond Robbins . An ex lanntion or theae ~ovc"ents in te~s 

of te p r• t.'Ir vnri~tions must b~ rojected. 

"Polloving the recent wor~ of l'unro and Heisler, and 

of Gledhill, it np)e()rs th'lt the u e of 1telso's cthod of 

~teduci n~ N(h) "Orofiles dur_.n an cclipoc ia not valid, 9Ud 

thorofare f'urthPr Rn~"lyses of F2 l11yer ecli-poe :neasurc:nents 

usin~ thin ~cthod ~uat be vieved with caution. 
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'PA11T III 

(a) Theorv of lay"'r foMa.tion in an atr1oa-ohero in which 

the losA-coef~icient vnries with hei1ht. 

Introduction. 

The orip.:itvt.l theory of the :for:;ntion of "n ionised 

l <ty1)r in the upper .. tmosryherc is thf' t duo to CHA'P'IA? (193lat 

b). Al thl)wrh this the<>ry ~P'kes "lWll' si.,"')li fYin?' BllSUl"'ptions, 

1t h~s sorvcd as n basis for the ~tudy of the ionosnheric 

layers. It is l~nO'<m that th<:- E and F
1 

lay .. rs ar,)T)roximf\te 

to n "Chnpman" l ayer, but th~ beho.viour of the 'F
2 
lay~r 

Soverl'\l 

"lOdific~ti~nff to ~hfl~"!!an's thnory h:wo b ~"n "'>Ut forw .. rd to 

"CC')Unt for the bnho.viO\lr o f the :r2 l~yer. In T>"~T'ticu~ f r, 

Gt" '""~"'ILL 'l.nd ;I (1947a, 1950) ascrihP.d the Vll.t'i l'\tions 

to ex~ansion of the ~t~osnh~re due to he ting by rejecting 

the PS:JU"'tntion of an isothcrnfJ.l 'lt"lOS';)h"re, •m(\ .-asru 1ng thnt 

the tef1pere.ture incrensed linearly with h tght . 

(1947a, b) has put forward c. "drift theoryn in ... hich the 

abnomP.l bchnviour of the P 2 layer io nttri buted to the 

nolnris~tion S (ol~ct~oatatic) field, as30C1 t~d with the 

nroduction of the currents in the "dyr. ... no" r e-gion of the 

ionoa~here re~ ~onstble r~r the observed m~etic vari~ti~ns. 

Th9 vt~intion of the rec~rnbin·tion coef~icie~t with 

llei.rrht has bP.tln consi 1er~d theoretically by C1-tA :>·~AN (1954) 

end A~~lied to t~e n and B re~ions . 
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~U'!.'~A (19'52) and A '1""J,1~TO~:r nnd LYO'f (1955) have consi1er~d 

the cf~eot of the v~ri~ti~n of the ocala height nnd tho 

reco binatio:n coefficient 'liith height theoretically. 

'Rec~ntly '"\ ' T~T,IY'F'F. (1956) has considered the E-ffect of 

tho V!triati~n of tt..n nttacht'lent-lileo losa coefficient with 

h~ight• following t.he wor\.c of RATCLIFY?<:; et al (1956) on 

tht> electron loss p:r-ocees in the F2 region . The 1<-~.tter 

t?leory iA mo~t consist~nt with tho current the?r~tical 

ideas on the PC~fntnm of electron-loss in the P2 region. 

Howov<•r, ~"'tel iffe 's theory has ()nly served to show theoreti-

cally hov some bohn.viour of the F r·'gion cnn be !l.OCounted 

in em isothPrm.al ntMsnhere will bo extended to i.nclude tbe 

vR~iation of both ? reco~hinntion and att~chN~nt - like loss 

coefficient with heiAAt in the F2 region. Equations are 

derive-d which a.rr- easily !'!0-pplied to the control data ohtt'>ined 

for COlXI.pllriso :: with the eclipse u:.easure""Emts. 

It iG not neeess~ry here to doduc~ the basic 

shov that ~~r ~n isotherr~l ~t~osphere in vhich the number 

of noleculos docreasos exl')onentially ~ith height, the 

density of ~1 oules at n h0ight his ~iven by 

n' = n ' exp 
0 -(~H o) (169) 
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? where n
0

' is th~ nu~ber of ~o1eculas n~r em· ~t height h
0

, 

and U in the scale heir:-ht of the '"~t'l'losnheric constituent, 

nnd 

H = k! 
mg 

where k = Dolt~nnn'o conotant 

T = ab olutc ta~pP.rature 

g = ccelor~tion ~ue to -ravity. 

(110) 

If ! ia ttte intensity of a bea. of o>'~o o'.ror:r.,tic radi "-tion 

nt a heig'ht. h in snch ru1 P.t os.-..h~re, then q, th nu hor of 
"7. 

i 'm t><tirn !'roducf}d 'OCr Cl:l .. 1l r !3 c nt height h, is 

8n 'I 
q =rw (111) 

where ~ = ~tomic absor.rytion coefficient (in em~) 

w::: energy absorbed in i.oni sin~ one "'lolecule 

Then it can easily be sh~wn that 

q = ~ no' I ..o exp [ ~ hjjho - no •rH seex exp (- hjjho1} 

{112) 

where I .o = intensity of the r adia tion at h = ~ 

ool- r zc"!:'li th dit.Jtancc. 

Thn rate of increASe ~ r elnctron density nt 

hei~ht h can be written as before 
2 

dn = q - -" n 
dt 

(113) 
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1~ the loos procPas follovs a recombina tion l aw, or 

dn 
- = q - Bn lit (114) 

if the loss ~roces. follows ~n attachment law. Accor:ling 

to Chn'1:-na ... theoe P.qu ti. ns ca"lnot bn Sl)lv~d eJMlicitly. 

It ia necoss"ey to i"l"lonn the c,.,n~i tton thn.t dn it = o, 
which will rer~r to the ~1ddle n~rt of the day . It iS 

in which ~ or r. vnxi~a with heir,ht . The veri~tion of the~e 

qusnti t1 w with heircht oe ded11co<1 fro111 the ecli1>se eRsure-

:nvnts, ver · nearlv roll.-.nf an e:xr>onenti~l variotitib wt th 

Jri t ing ~ = .( e:)C'(l - ~ (h - h ) o a (115) 

wh"'!re fJf( 
0 

is the v fue of -'- at h ir-ht hA. :"lnd ~ is s 

COl1Bt nt, and 

13 • }3 
0 

exn- J (h- ~) (116) 

11he"~"e B 
0 

in the V£11UC of 'B at hei,..ht ~· nnd :f is c~:mBtAD.t. 

'l'hr~c c• ~ a y be considered . 

~a~e I 

.L = ol. 
0

, w"ticl'! rAf~r!l to the r1 lay ~ r, nd. the 

l ayer 1~ ~ si1nla ~h~n~an la~er, nn~ thua 

nl2 =;i- = A-; ex-p [ - h-ho - t e:xp 
o n 

= n.,' ~ 1010 nnd P = cos 7! 
w no ' fH where A 

The msx1:nu., electron 1o sir:roly found by etlueting 

(117) 
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=~ = 0 end the resulting equntions deducerl by Chapm.an 

a re-

and 

n2- ~ 
1 - ~ 

exp (-1) (118) 

(119) 

wher~ N1 ref~rs to the ~ximu electron density in Care I 

~nd hM1 i n itc corresponding hoirht . 

Case II 

Then 

oL :: o<. exp - (h-h ) 
0 

n c h-h h-h ~ 
n~ == !_ = £0 exp b (h-ha) exp -·T- i cxp ( - T ~ 

= 0 

Thus .!. ex1> ( -PH 

t"XP ( -

0 1 

( 
h-h \1 

exp - T~ 

h-h ) 
1l =n - 0 

h-h0) _ 

H - F(l - 0 H) 

Gin co h r i'e s to tho h€dght of the t!loxi mut1 thus, 

h h 
-1-12 - o = - lop F (1 - o H) 

e 
H 

= h - H 1o,.. ,., (1 - 6' H) 
o -c 

Subs'titu tin thifl in equation (120) 

N; = ~: (1 - h ) ox{~· (hM2-ha) - (1 - ,n•fl 

(120) 

(121) 

(122) 
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dn 
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B = B
0 

exp - f 
~ exp f ( h-hb) 

0 

:::::0 

Thus the equation for ~3 is the same as for ~2 except ~ 

replaces a i .e .. 

(123 

= h ... H lo g F(l 
o e 

- fi H) (124 ) 

and = ~F (1 - ftH) 
0 

exp~j'(hM3 - hb ) _ (1-f~ 
(1 25 ) 

Application of theory to control data 

Three useful equations emer ge from the theory~ 

in each case considered , whic h g i ve the values of t hree 

quantities which can be read off from the mean electr on 

density-heig ht di s tributions determined for each time of 

day in Par t I .. The three quantities are n, the electron 

density at hei ght h ' N, the maximum electron density' 

and hM' its correspihnding hei .~ht. By tak ing the ratio~ of 

n
2 

in cases I and II , and n/N in case III , mo ~t of the 

N2 

consta:1ts can be eliminated and the result i ng equati ons a re: 

Case I 

= 1 + hMl -h - exp hMl - h (126 ) 
H H 
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[ h -hJ 1-exp M2 
H 

- & (h -h) M2 

~~-h + (1 - f H) [ 1 - exp 'ltrh J 
(127) 

-f eb -h) (128) tf3 

In care I, which can be a.p,•lied to the F1 layer, all the 

parameters except H can be determined :froo the exp rimente.l 

data and consequently the V""'lue of H can be calculated. 

In c~os II and III th!C!ro n.re ~o unknowns, ~ or f 
a11d fl. By :nakin,-: some o.ss umptinn as to the value of b or J 
H Jn"l.Y a":ain be tiatermined. 1heoe two cn~es will apply to 

the F 
2 

lo.yer. 

Case I 
2 

By plottin~ a eraph of log0(:~) h -h 
versus Ml 

H 

it in possible to deduce the value o~ H. For each time 

o.: day the vo.Jue o:f n, corrf!spondin~ to n heit;ht h cnn be 

rend off the control distribution of electrons ~ith height, 

The h -h value of Ml is then read off tho gra~h 

\2 u 
lOg~:l'j • Kno...,ing h~U and h, H can be 

1 

~
2 h - h 

log ~l versus Ml • is shown 
e- H 

Nl 

corresponding to 

~:found. A plot of 



- 184 -

in Fig. 84. 

':bi n C:.l!JC ·-as a ppli od as a ma ttcr of int erent to 

In both l nyors two value'S of h 

were cho~Pno In the P1 lnyer tho VAluo of n1 - t h = 160, 

and 180 km were cornp~rod with R1 , and in the F
2 

l~yer h = 240 

and 260 km -ere u~ed. Table 28 shows the V1lues of H 

deduced by this n~thod f or the F1 l ayer, qnd :able 29, tho 

values of H for the F2 l ayer. 

-
Time H(h = 160 km) H(h = 180 km) Menn H(km) 

()700 45.6 43.1 44.4 

0800 58 . 5 60.0 59.2 

0900 6?.0 57-5 61 . 3 

1000 79.0 78.4 72.o7 

1100 80.3 74-5 77 . 4 

1200 72.9 75.6 74.3 

1300 69.3 59.5 f 4.4 

1400 72.5 61.5 66.0 

1500 59.(} 75.4 67.2 

1600 56 .9 55.2 56.0 

jl.700 45.1 39.2 42.1 

'!able 2~h Values of H :for P1 l ayer, Ca~ e I 
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Ti me H(h=240 km) H(h=260 km) Mean H(km) 

0700 55-3 42.3 48 . 8 

0800 62 .9 54.1 58.5 

0900 6'3 .o 60 . 8 61 . 9 

1000 63.7 63 .4 63 . 5 

1100 59 . 1 59 . 6 59.4 

1200 58.4 6"i .5 61.9 

1300 59.0 60o9 60.0 

1400 55.1 52 . £ 53.8 

1500 50.6 46.3 48.4 

1600 54.1 54.1 54 .l 

1700 51.6 45. 0 48.3 

'.':'able 29 t Value of' U fo r I' 
2 

l a;r er, Ca .. e I 

Cnscs II and III 

The vn lue of ~ and f ·:mc-:t be n.~to.bli6h <"Jd before 

the deter ination of H can be na~e in there two cn' e~. ? he 

v 1uc~ of a and B deduced fro~ the eclip~e ~~re found to 

follow the eq U " tion!?: 

a = et ex:p - ( h-ho.) 
0 25 (129) 

(' _, 
whence 0 = 0.040 km 

and B ~ :a
0 

exp - c~:b ) (130) 

f -1 
whence ~ = 0.036 km 
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Time H(h=?40 km) H(h=260 km ) Moan H(km) 

0700 22.4 20.0 21.2 

0000 23.0 21.8 22.4 

0900 2'5 .l 22.5 22.3 

F'00 '2'3. 2 22 . 9 23.0 

1100 23.1 22.7 22.9 

1200 23 .o <3.(' 23 .. 0 

1300 '23.2 2:<.9 23.0 

14C'J :?2.6 22 .0 22.; 

1500 2?..1 21.0 21.3 

1 600 22.3 21.6 21.9 

1700 2') . 0 20 .5 21 .2 

----· r -1 ':'nbl c. 3Q; Val uoF. o"f H tor C? = 0 . 04 km , F 
2 

l ayer in C· se :ti 

-
Ti me H(h=240 km) H(h=260 b ) Hean h(km) - -
0700 23.5 2?.5 23.0 

0800 23 .g 23.5 23.7 
09')() 23 .9 23 .7 23.8 

1000 23. 7 23.8 23.8 

1100 23 .9 23 .7 23.9 
1200 23.9 23.8 23.9 

1300 24•0 ?.3.8 23.9 

1400 ·~ .. ;. 7 23.4 23.6 

1 500 '23 . 3 23 .o 23 .2 

1600 '?'3 .5 23.5 23.5 

1700 2i; .; 22.9 23.1 
_., .. 

f- -1 
Ta :1e '31: \h l ue"' o f H for = 0.04 kin , ~ l ayc r in Cas e ..lli 

c. 
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in the F2 region than harl previously boen auppo!':ed . 

Thorof"ore, it seems thot as the vnlueE'I of the ~cale height 

deduced hc:re arc even lower thon :&!tes' e~tim~te~, they ~re 

not flcceptab:.e. It i~ probable that the "gre,ient~ of the 

los~ coefficiat1ts 4 nnd 'f have too lo.r;~c a V81ue. 

It iP noted th~t th~ L thod of R~plyin~ the theory 

do~ls only ~ith the shape of the l~cr. It i~ not nP.cessary 

to cave 'lny as!'IU'llntion.: r g • dL"lg the a c-:'1lut~ v• lues of 

the loss coeffici ,nt , but only the .onnn,!r in which it 

decrcH•es with h ei ght . In th~ F1 l ayer, np~in no as~umptiors 

'lrc mc;"le qs to the value of the loaa coe:ffici ent. In this 

~ c;e the scale heiehts deduced nrc at lea~·t twic«! as high 

I:r1 odd.i. tion, thore is come 

oviJ nee fer an increa;Qe in tenpcr~ turc tA~!l;•ds oiddny. 

"!.'he .~'-' n point, howevsr, in th'. t the scale heiJ?;ht a~~peRrs 

to dPc.res~e IA'i tl'! increasir1c; a.l ti tude \ihicl. i~ contrary to 

For ev{>n if th~ t~pr>r-

qture '.tiCTtJ const•·nt in the-:: region as a whole , the menn 

molecul~r m~ss mu,t decrenRe due to dissociation 1t hi~hor 

''ltitudes cau!lin·· nn incrco.:'<c in the r:crle hoi.·•ht . One 

can only conclude th.,t the te~p _ra,tur (· decrcnrst:.'s from the 

The more lik~ly ex~lanation s~ems to 

bo thr-tt the vt·lue~ o :~ & a.nd J deduced from the eel ipse 

measuremcnt;t~ are wrrmi~. 'l'ht" va· ue o:f J deduced by Rl . • Cl'-H'!'E 

- 1 
ot al (1956) is 0 . r}2 km , nnd is mort. relinbl13 than that 
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deduced froo thn ec1ipRo monsureiTtPnts,since it is the mean 

of "'}any rec.din" s at severAl pl nccs during di·:fC'r~nt F~cr sons 

~nd e?ocbe of the ~ol r cycle. 

"' . i ~ t b .n /"\') k -l d' ... rlC nt; J o e " •V 4 em , the control rea lngs were 

applied in Caqe lii ~~in. 

rcdra'.ln ror thi ~ dif~ercnt value o:r :f . Tht: r .f"uHing 

plato of log.r:: ) vorsus (hH
3
-h) for different values of H 

arc P.hown in Pig. 86. rhc control v~lues woro than applied 

tv, before o.nd the re m1 tin'· v: lue<J of H ·pre shown in Table 3~. 

'f'il:'e H(h=240 km) H(h=260 km) Mean H(km) 

()700 39.2 35.0 3'"' .1 
()8(\0 41.0 39.0 40.0 

0900 41.4 40 .0 40.7 

1"1')0 39.3 40.9 40.1 

1100 40.6 40 . ;) 40.3 

1200 40.1 11.2 40.6 

13M 40.7 40.-4 40.6 

1400 39.5 38.3 38.9 

1500 ;u.o 36.4 37.2 

~.600 3J.IJ 1·~ .5 38.8 

1700 38.3 36.3 37.3 

-
f -1 

~lP. 32: Values of H for = 0.02 ko t~ l ayer in Case III· 

ThP. v·.,lues deduced f'"or f = 

hi h·~r th 'ln tho· e :for f = 0.04 km -l, 

cons~rtont with the R model of Datea. 

but 1:1.rc no re 

RA:'C .I?PE ct al 
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(1956) h'<Ve deduced H = 4 5 ka fr m :-
2 

measurements, and the 

values h~ re are about 5 kt lo~er. If it i ~ as~uncd ttat 

atol:!ic oxy:"'en i!:: tho active ion in the :' region then according 

to B'1tes' R model it will have e. ~cale hcir.;ht of 52 km. N
2 

will have n scale heirht of about 30 km, whereas the ~ean 

scale height on thP R model is ab0ut 33 l~. The reduction 

in the scale height as dcduc~d here L probably due "to the 

fnct that f"Ome of the N2 Ploleculcs are ionised, C!lUsin ;S a 

reduction in the scrtlc h ni t;ht of the ionisr,hle con~ tuent 

from thBt o~ atomic oxygen. The aporoxin~te ve lue of 40 km 

obt<~ incd here would in'lic~te th<> t about 8 of the i<"'ns were 

N
2 

ionc;, ,..hich ir probably a not unr~a.., ()nnble v·~ lun, since 

.;bvi ~"~us ly some N2 molecules o.ret b·')Und to be ioni":ed. A 

menn sco.lc hci r ht of 45 km would iniic'ltc th <~t only about 4.~ 

of the ions were N
2 

ions. Th o v• luns of H nbtai.a d remain 

fairly con~tnnt throughout the dny. Apparently H incroa.ses 

towards midday, but this is probabl.t due to neglect o:f the 

term .2.!1 
dt in the theory, which is not valid in the early 

morning or lat e afternoon. The rC' ul +~ also :;l,ow that the 

P 
2 

region approxi -:JC tcs to nn isothorm.-~1 a tn:os 1 hero which is 

nl~o consi , tent \vith !;he R c odel of Bates . 

However, the scale hciP,ht is $ill lower in the F
2 

region thail in the F1 region, which <locs not agree with. Rates. 

~hi9 is in all likelihood du~ to the fact tr t the F
1 

l ayPr 

docs not lie in nn isotr~rmal at 1o ~phnre, bu t there is a 
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temperature ;;ro.dient in the la.yr r. The R reo<!el of Bates 

· li t di t. o:f 5°K ,_ · th · · ~n( ca cs a p,ra en, p r.r r~ ~n 1~ reg~on. In this 

case the ~~ odi"!.'ied :fom of Chapman' R oq uations duo to CL~liiLL 

ond szumR~I (1947~, 1950) will apply . To con~ider how Ruch 

a grndient will affect the values of H deduced for the F1 

layer, v ~o~ified vcroion of Gledhill and ~zendrei'~ theory 

will b~ developed nnd applied to this r egion. 

Tenporature ·~radient in the F
1 

layer . 

The theory devel~ped by Gledhil l and ~zendrei does 

not lend 1 ~f'clf ea~ily to the co."llputo.ti on o:!: the sce.le height 

in nn ionospheric layer. 'i'he ooth?d invol vr·s the assucption 

of u mean molecul~ mas~, ~ith the consequent deduction of 

the> tet" pc;r~turf" grndicnt and temper~ turf a t the bage ot the 

layer. The sce le hcicht so dodu~ed thuP only applied to 

the one prtrticular vnlue of the uoleculo.r oass . However, the 

theory ca n be edified so ns to include the ncale height 

and the nscale hei6ht .~radient", and thus the te:1p~rl" ture 

can be deduc~d for any value o~ tho molecular mass . · It 

i r necessary thare!'rJre, to dcri ve the equR.tions of Gledhil l 

and Szen~rei nn thin basis. 

Distribution of m~lecules with hei~ht~ 

t:\he r.rtmoepheri c ~rc~ :--ure p i~ ;ovcrned by the statical 

equotion 

dp = - ~"rD'm dh (1'31) 

whore m 1~ the ~ean moleculor ~ass 
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~ i~ the nccelcrntion due to Gravityo 

The pressure can also be expresned by tho oqurtion of a perfect 

where 

p = n' kT = Jf kT 
l!l 

k = Boltzmenn'G conntant 

? = density of cps 

T = absolute te pcroture 

Thus dp = kTdn' + kn ' dT 

and 

Cince 

• 
• • 

£.1?.= 
p 

dn' 
- + 
n' 

"" - dh .:Yi kT 

H = kT 
mg 

k Hdt 
dll = - dT = -T rng 

whP.re o and ~ nrc con8i1ered to bo con~tr-nt , and from 

equ•-:tions (133) and (135) 

~= 
n' 

Let 

wh~,;re y = flCRle height z;r o.diont 

(132) 

(133) 

(134) 

(115) 

(1)6) 

(137) 
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• 0 .!!11 = '{ 

dh 

and dn' = 
n' 

= 
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In·re~r~tifl-c-:; ttlis e(:U"tion $ iVCS the hei~ht di~tributicn 

r:olccul es, i . e. 

[ ' -J: (l + V) dn' dH 
n' = H 

' 0 0 

where n ' i:-r the 00l~cul~r dcnsi ty nt hni1 ... ht h • 
0 0 

Thus log ~ = - {;- + l) log H 
e n~' '( e H 

-(I~Yf) o 

and n' = n ' (1! .) ,. h & o II 
0 

Intcnnity of radi~tion at h~i ~ht h 

(138) 

of 

(139) 

hs~u~in ~ nA usua l th·t ~he r~dirti~n i~ monochromatic, 

Rt h("i : h t h let '..;he in t: nsi ty be I and t h ir:ht h + dh, 

I + di. It follows thu+ th0 fraction of I Pbscrbcd in 

pas<-·in:~ thr~ur:h hoi ht dl: is 

di = Pn'I sec)(dh (140) 

wh .re l3 is the t:A t i:•Jldc nbnorptinn co effici ent 

Thus 
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and 

(141) 

Rate o~ ion production 

)quation (111) sho~s as b~forc tht t the rate of 

ion production q i s e iv n by 

q = B n' I 
Yl 

= r. Iw no' ~ -(1~ ).xp [- ; ~+ 't::ot /y 1 
0 

-(tor X') 
= A (=J 1.! oxp [- ! ( ~~) -1

/y l (142) 

whore A = p leo n ' 0 
..., 

and F 
cos X 

= n f.H 
0 0 

Lnyer forr;mticn 

In the P1 l~yer the electron loss proce~s follows 

a. r ecombination l aw and consequet.+ly t he r "te of increase of 

electron density is s iven by 

.Q.!l 2 
= q - an dt 

A . ; th t En -- 0' $!1UD~nP, Ul lLD 3 dt 

i'he r:taxi.:mJU vnl ue of n occ .:ra when dn = 
dh 

(143) 
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= 0 

'l'hu s the ccncUtion t'or a. maximum i s 

(144) 

Th l corresponding value of n in then ~iven by 

f ~ (1+ X> 
Hf = ~ l F ( 1 + '( ) \ exp { - (1+ '{ ) 1 (145) 

r h o r csu1tin.r.s equrtions for hH' N and n aro br..B ically 

ide~.tica.l t o thoro of Gl (•dhill and ·':'zendre i axcopt thrat they 

tn•c no • expr~nsed i n terns of s c a le h oi &hts. 

Application of theory to F1 layer. 

As bef ore it i ~ po~sihl ~ to eli~in~te the constants 

A and !1. by dividin~ n2 
by N2 , thf; resul ting equa.tion being 

( 
h-h0 J - (l~)f \ -(1+ '{ ) 

= 1+ '{ }{ li'(l+ '( ) 
0 

{ 
h-h \ -

1
/ '{ 1 

• exp (1+ '{ ) - ~ ~+ '\ H: J (146) 

~hi~ 1~ vcs t wo equrtions with \( , R
0 

and ~ unde+.e~incd . 
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tfow the purpo~ e o:f thi e st:lction is to determine 

whether the F
1 

layer mer sur P,:U,.ni:'3 ~rc al!!o c")nsistont with the 

H model of B~teA o Uo purpo <- e '41ill b!'l Hervcd hy o.n 10labornte 

analysi • ~uch ns that undcrt~~en by GleChill and ~zendroi. 

It neems be~t, th0r~foro, to !ix y nt the value ~iven in 

Bo.teR' R model, thuG leuvi ng t\.H) oqu· ti')ns with t wo un<n n\\'nn. 

It will tht n be · ossiblc to deter~ine value~:> 0f H rmd 
0 

comp r 0 them with the R model . 

It in noted th:' t tho v lue of ~ in the :F1 l ayer ir 

prnctically conntnnt throug h thr period 0800 to 1600 hourfl. 

In fact, the ~enn v~lu~ ov r th1 3 period i 203 km a nd only 

V"krier by .!. 2 km. The analysi~ i n con ilerably ~~pli~ied 

therefore, by taking ~ t~ be constant at 203 km . A 

v~rintion of?. km !r~m thi~ v~ lue i~ within the ezptrimontnl 

(147) 

Sub~titutine thiR in equ~tiryn (146) 

l~ Y = (1 • Yh~:orl+l/'() f .lhM H: ho 'f•l/'() 
• oxp { (1+'( ) - (1+\ ) ~+ '( h~:o ) -1

/'( 7 
(l+'{~~:ho) -1/'{ ) (146) 
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Takinc h
0 

= 150 km, n grnoh of ~ ') versus H
0 

may be plotted 

for any ·prtrticul·lr VRlUt.! of h. ?wo values o£ h were chosen, 

h = 16J ko , and h = 180 km • 

. 'rom Bntcs H model the scnle hei~ht :;radiP.nt :for 

P. m~o. ·ln molf'cul,;r l..lano of 22, -;i ves Y = 0.2 betwe .n 150 and 

200 km. 

:'qua'tion (148) then rerlucen to 

h-hi\6 (, 1~ f, f. o.~-h)\-5 
--n;-} \.1 + H;;} exp ( • 2 -l1_._2_1 __ H=-o __ ).;__ 

( 1+ 10~:) -5 
(149) 

for (h-h ) = 10 and 30. 
0 

1'1 ... 87 showo n plot o:f (:i1 vorsu• H
0 

Usinr the observed voluos of (iJ • Table 33 sho'~ tho values 

o'f H deduced :frout Fi:J . 97 . 
0 

Tho r·~ulting va1ues· o~ H are not r uch difforont 
0 

from TPblc 28 which refer to a sirpl ~ Chaprr~n l ay r. Tho 

vnluea of H ~fe !ar in excess of tho~e on the P model where 
0 

the r nnte. t va lue of the scale hci~ht would r f r to ntom.ic 

oxy~cn which at 150 km hns a value of nbout 27 km. The 

curves o ~ Gledhill and ~zendrei ohcw thflt i f Guch a. low 

v~lue of the scale hci~ht i s aprlicable to the F1 region, 
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Time II (h=l60 km) 
0 

H (h=l80 km) 
0 

Mean H (km) 
0 

oaon 55.4 37.6 46.5 

0900 64.2 61.0 62 .6 

1000 80.6 78.4 79.5 

1100 80.6 71.4 76.0 

1200 74.4 80.2 77-3 
I 

11300 73 . 4 73.0 73.2 
I 
I 

1400 72.0 55.0 6).5 

1500 56.0 61.0 58.5 

1600 55.4 52.0 53.7 
I 
'I' ble 33: Value£ of ii (150 km) for F1 l ayer. 

corros9ondinl)ly hi• lv· r thfm the V" lue ssumed here. This 

vould not be comp~tiblc with the R model or ·ith tho values 

d~duced for the F2 l ayer . :hP scale height in the F1 layer 

would be reduced if one wer to assum~ thnt ~ decreas ed 

throur-h the layer, but it would require a ~ra.dient o:r much the 

a~e a~ in the F2 r gion to reduce H
0 

to a value compatible with 

the R .aodel. It i s ir:;.probubl e on present kno,..,led -;e of a. 

in the F1 region that it decreanes v~ry ~uch with heieht . 

Conclucion". 

In Part III (a) a theory ha.., been devel ·pcd which 
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takes into account the V' rirtion of tl1e los ~-co ffici()nt 

with hci~ht in a simpl e Ch~pmrn l nyer. The theory hau 

bee>n a:;pl i ed ·to the contro 1 data !or the P 
2 

region. It 

wa!J :found th:·t i f the loss -cnef ficient "'ere to decroaPe 

with hei. ··ht as foun!\ fr~m the eclipa.e mea:lUrenent:1, the 

rest 1 t inr vnl ucs of th<> oc ·.le .hoid1t in the F 
2 

region nre 

""lnly ab"JUt o. hr.lf o:r tho prP.3cnt " cceptcd v~lueo. Howev~"'r , 

th(' dccrca c of loo !:-C''Cf"'"'icient vi th heic:ht os deduced by 

Bntcliffe ~md hir. "'orkers [{ivns values of H >Nhich r.gr ef' well 

with the !i ~odel o:f "Sat< s , deduc(.d by extrnpolvt.:i.ng rocket 

r!eas!lrer.u~nts . Howevrrt it~ both ccse~ it i £"" found thr>t the 

temperature ~u~ t dccre3~e with ' height nbove the ? lPyGr, 
1 

which i. contrar,y to '"lny current vie'*f' • It 'AO.S thou:ht that 

the v~luea of H deduced for the ?
1 

l ayer wor in error due 

to the as u 1p tion o f o. <~impl13 Chnomen l nyer. A s li ?;htly 

r'od i f i ed :for!U on the theory o~ Gledhill and ~zendrri which 

takes in to ucc·:unt a te,...,pero. turc ·rSidi cnt in ·the l cayEH·, was 

then appli~d to the F1 lLyor. Usine the velue of the scale 

hci-ht "'radiant 'ln the'-; morld it was found th~·t thE"· :: cnle 

hei~ht 8"t l5'J km did not diffe-r tlUCh fr"'m th"l t deduced "for 

a "limpl ~ Ch"?T!lan .layf'r, and was nt leaBt twice as hi8 h as 

tha t in the R model. Tb< conclusion i ~ tm ~efore the :::la""~ e 

and showe th~t the ~eE l~ hei ~ht abnve the r
1 

mu~t decrease 
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;.;i th hci -:h t, '«hi ch 1ee:1~ t(, b·- Mm;rnry to CL:rrent ideaR . 

~inally, it i~ wort~ nentitnin~ th t the c0nsistency 

of tho value~ of H rleduccd for th<. ?
2 

J.a.yf r on tho v .• rintion 

o~ the los !!-coefficient · •ith hci,·ht A-ccnrrli !'I to "Rntcli:f:fe 

et al would a _) "'lC r to i~dic' t o t:h t ~o vrm.Pnt~ :!.n t}le P
2 

ref\iOn 

were sr.-<aJ..l o '!.'ht cor:tr0l p~riod which w o a N\.lysed here was 

p• rticulr'-rly quiet mF-''netically. 

the vir.:\o/S of !mtc lif~f' et "1.1 th•tt ttove'!!:.~nto Frc sr;c.ll on 

r~gnetically quiet d~ys . 
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3ummary &: Di!'cuosion of ilarts II and III 

In P rt II (a) the Qaxioum oloctron density of each 

of tho thr c layora ~sa connid0rcd and comp8rcd vith tho 

rc. ulta expected on simDlc theory thot the sw1 io a uni~ormly 

ractin tin ,., dir;c. ~ho re~ultine curv~a npain show theN - [ t 
!!l 

ann aly if'! the T!l and F 
1 

laynr "' which ir a fc ture of' almost 

all oclip~e rcadin~s . The ~ 1 yer moq~ur ent3 woro 

cono · d ·red in detail fr"m noveral OSl)Ccto . Thf:! conclu ions 

drawn from all of the~c analyao11 dopon<l cosf'ontially on tho 

~hnt tho error in.r"duccd by con~iderin only the mRximun 

<-loc·tvon density in tho ;, layer, 1'\nd c~nnoquently na!'luoinr 

thnt it,... b~i -;ht is the snmc an the height of the ;Jruci.aum 

clcc~ron production, in ne$liGible. 

An explanation in t.emo o-"' a te.•npPr"'ture vnri£~ tion 

durin the nclip:~c indic•,t o thl' t the tc p rr'\liure would hev<. 

to drotJ to e'b1ut 3/4 of 1 t vnluo on control dny~ . 't'he 

surprisin~ result in thqt the to~pcrq~ur~ o: control dnys 

Rpponrs to h· ve r nninod c<ms tant throu~hout the d11y. '!'hie: 

would seem to indic" to ·thnt the ther:nal relqxntion tiatc in 

the .El l !.yClr • u"'t 'bP. !l!!lall, a.n has been ~h-·wn by m." JJ (1951). 

Consequently, a. drop in tttnpora. turo durin the aclip·~c would 

no+ be oxp ct.ed. 
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On ;he ansumpti n that the ~un is no~ a uniformly 

ra.di11tin,:; dine, but that ~otlc of the radir.tion is conc"ntruted 

in more active nraea on tho visi~le diac. It is found thnt 

the intensity and ponition of th(' t~ourcos wh~ch have to be 

poRtul,.ted on thin hypothesis varian with t.ho vnlue of o. chosen. 

The intcneity 0 9 the ~ou~cue v~rioo much moro than their 

poni tion. Li ttl~ visual evidance of ~olr-:r activity on the 

eclip?c day can be "found fo::' two sourc~"'o whictJ have to be 

pontulutod o•• t he ~ lirb. Application ;f each of the 

solar modolFl for di t>f rem. valut.o of u. to the meuauremPnts 

L'l'ldc nt Cnpe Town artd Johannesburg, showo that the ba. t f'i t 

to the obAcrved measurement~ i s for the model corroapondine to 

v. = 1.5 x l0-0emJace-l, with u t a ll ploces h·;ving that same 

vnlue . Howcvor, the f it to the oboervod pointe io by no 

mc·•na pcr!oct. 

~~on,ion of this onse to include some rndiation from 

outeide l,ho viniblo disc, al1ow:· that with a model in which 

15 : of the rnriintion i a.ssu nd to be oomin ·~ .froc outsido the 

dine, only 5 to 10 need t1c uttributed to a rolitnry surtapot, 

-8 3 -1 r.nd CL = 4 X 10 CD.! SPC • mh<t fit to tho Ob P.rVPd points 

is . 1lir:ht ly be t tcr thnn be.foro, but n{;nin io by no ~eans 

pcrfact. Thin ;odel ia Moro ccnsi~tent with Pol ar activity 

at the time of the eclipce, and a coc.p-;. riF:on or the results 

!rom Khurtoun and Ioadan during tho 1952 eclipae, whows th'lt 
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thenc reeul~n nloo nppenr to be c ore conaiPtont with thi n ty~e 

of model. 

The vnrinti on of the recombinntion coof£i~icnt ~, 

dur to the pre,ence of two opccias of ionia nlso onnid .red, 

but the H - S~ ano~aly onnnot be cot pl~tcly accounted for 
ll1 

on thin ba9i!! . However, 1 t 1!1 s trasned that tu neglect this 

fnct may lc~d to Ol'l ovcr-e!'ltiml' te of the amount of r~ difltion 

com1n ·· from outoide the diac, or of tho intenai ty of aourcce 

on the limb. Ap.ain it is noco~sary to ouppor e thnt one of 

-7 3 -1 the ione hn.s .. r ocombinntion cocfficiont of 10 em sec • 

OOinolly, the (,f.fcct o! oblique incidoncc aohoes durin~ 

the cclip: o i t m~ntioned but tht conclu~ion in tro1t should 

thio be of any i rportancc it will lend to hi~her v lues of a. 

RATCi i F.P..; (1956) has poin '.ied out that the n.nnlysce 

o:f M1nn1'1 durinP thu 1952 and June 1954 <:clipao~ aro the moat 

COt pl 0 t C DO :f'nr • Howcv~r, Minni s hilt r o·•trictad hi u analyser 

to the one s in lc c1se and h~o at a ll ti• es t acitly as nuocd 

that all the r'\di'ltion oomoa fr"m tho vini: la disc. He 

as sur:. os fur tt"'r that any d<n..,artuc, .:rom the uni:f'orm disc 

theory aro du flnlaly to t"'orc int <~nsc rc,?,iona on the di. ~c. 

Clen.rly, tho conclu11ions one arrives nt in antllyainlj 

eclip~e d t.u dopond bar,icnlly on tho nm-umption'1 from which 

one at;-rtn . On the analyoos of Minn1~, the rcconbina tion 

coef:f'ici('nt a , is u•,unlly found t o lie bot'Ween 1.0 nnd 
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-8 3 -1 ?.0 x 10 om 100 , but it ha.s boon ~ho'Jn here th'lt tho 

Pvidenc <,; seems to pnint in u~vour o-f' a much higher VL1luc 

or a, and Vl~lucn an hi~-h t a 10-7 o::l3 oec - l \r/Ould. a~'Pf nr to be 

quite possible . Th~ important point no~m to be thot thoro is not 

in the ob ervotionn thc!ll<-~ol V(!H cnou~.~. to decide botw-enn any 

o~ ncv~ral diff·rPnt ccnclusione. rho difficulty liea in 

the unc t:'rt d 'l'lty of the value of a, and it would appc.v1r from 

the nnaly~es pro~ented horo tb'J.t it "1tY pos ibly be two or 

throe t!.mos an high 's tho va.lucn found by Minnis . 

In p~rt II (G) the v~rintion~ of tho electron denrity 

at variou!• fixed heiP'htn in tho F1 nnd ... 2 layors a.ro compf\ r cd 

with the v ri~tion~ ex· ct~d under tho nltern~tive assu ptiona 

tho t tho proce'"lS o_ ele~tron-loe i :.J rcc'}!:'lbin tion, or attach-

!:'rnt-like. It wao founn that the predo~innnt lons- procCBu 

in tho 1 loyor follows ~ ro6omhination lnv , tho coefficient 

a bcin 1nd pendent of hci"ht. In the ? 2 layer, it was not 

posoiblr t~ d~cido bctwoon t· o two tynco of proc as but on 

thcoretionl gr~•undn tho at t · ch.~0nt roccos is :favoured. ~he 

coe:ficicnt1 d~du~nd d~crc~~e ~yatr.mnticnlly with hoir.ht, 

In ?art III n th<>ory wa dcv~l'"~pod which tn.kns into 

aco0unt thn v ri tion of the loor-co~1ficient with hei~ht on 

sL1plc Ch'lpnon thc•1ry of l•yo:r .fonn ,tion. Applioat~on of the 
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theory to the oontr~l data. for the "t 
2 

lr·y~r, shovs tht!t the 

~cal~ hright in thic ro,ion r~~a1n- ~l~o~t constnnt throuRhout 

the dny n.nd pcin-t:s to tho f~1c t that !;he r.,r:1on i~. po_.ni':ly 

ar if'lother;nlll rc~ ·on,as propo:..cd on ~too' R l"'odel. The 

rc .ult olao i n~in~tes that ~ovem~ntq of electronr were sunll 

durinr the day, due ir nll pr~babilitv to 'he lov mqgnetic 

activity durin[: thi'l period. A ~odifiPd v rsion of th~ 

thoory nt GL .DHIJ,1 .,nd SZ .•liP I (1947n, 1950) i£ applied t o 

tho 1
1 

l~yPr, but the rcsultinn w 1uls of thr- sc9le height 

at 150 ' !llr nre not cnnoi~tcnt wi"th Dutol3' R modol , and 

indic•, tc thnt tho teuporniuro dl'lcr>c '"'Ca abovr.: the F lnynro 
1 

Applic" tio. of Chapm~ln' .. th,or:; to the eclip:·e 

meq13uror "nt.~ on the b01sia of '1 !'0MA~ nnd n 'Bl5I S (1956) appoar 

to show thr .. t c ·nsi:.era lc mover'cnt of electrons DUI'It hllve 

tn~an ploc~ durins the oclip e in the F2 region. Although 

o rc~~nt!J \4Crc 'l all on oontr0l da.Js, the f'dvr~~t of the eclipse 

apponred to prodUCP conni ·· <'ra.~ ,lo :novc:~onte . An c.tlempt to 

explain the e ovcmcnto on te p~rr-• Luro c : f" n en wnr; unuucct ~s!ul. 

Whor.hcr or no , tl er-~ movemen .!' hr vo any r• r,l r;igniticance 

cnnnot be cartnin, for it ir- nenin :trocnod ar in the Ll 
layer .. oaqur(' ~onts th<l t there ir- no~ in tho obaervo.ti·onn 

them~ olv~o enou~h to decide. 

i:":lportrmt t;hcn it 1!~ 'lpp~ rent thn t the u~e of !telno scBling 



- ?06 -

during eclip~• ea is not vnlid. Thcr-~e mow;::"ento, thcre:forf' , 

raight be purGly tho ro.:3ul t of tt1e innpplicnbili t .'' of Kolno 

scaling. 

It 'lflCL'tn -:.h·· t in futurl! <'C ' ip e moaour~ •:mtn , it 

11 inportc.nt to dntortnine the etf~ ct o ~ ol,liquo incidr.nce 

echoot , for the.· t' ouruly co.t•t dnubt nn the b&oic r rP c. tor 

u~ed in ~11 rc1ip~o men. urocGntu. 

hn.vinB n.t lca'~t throe fnst swellpin .. ; .1 onocouna•. rs oepnrn'ted 

by 10 to 20 kilouC'terf-' at thC' cnrncr of a ri ·ht nnul~d trinn -1.) . 

In additi•m, or. i1M boon int:iic t-ed by ~mNt0 ond H ! !.1.::~ (1 958)t 

h't ch~rtct rrintic~ ~h~u,d be recorded on ~evc rnl fr~ quenoies. 

By thin !!'OI" n., i., .,hould be poAriblc to malce o.llovqn~ · c 

f~r ohlic:_ue lncidtnct. ~ctoeu rnd any ~..ra.vollin" dia turba.nc•e 

not c0nnocted wi ~·h 1,he rclipse. 
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